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»  Pre-conference Programme offering 7 Short Courses & Workshops,
= Technical Field Trips and Exhibition
Venue: Gaiadari Hotel, Colombo

Tentative Programme
Date Mornin |Afternoon Evening |

One day courses (Registration fee : Rs. 4500 each)
' « Sail and Sediment Remediation Technologies* (6" August)
« Geotechnical Design to Furocodes 7 & 8 and Geotechnical Risk (6th
August)
- Introduction to Geotechnical Earthquake Engineering (6th August)
« Design, Construction and Monitoring of Landfills (7th August)

August 8 (Wed) « Unsaturated Soils: Lafest Develonmenls o Teating, Anatysis and Dasign
Conference (7™ August)
Inauguration Session | \welcome | One and half da Registration fee : Rs. 7000 each
h ; , y courses (Registration fee ! Rs. each)
August 9 (Thu) TMZ”’. 57'5;' on.& Banquet « Rock Slope Stability Analyses(5th & 6th August)
ecinical Sessions Cocktail / » Block Theory and Applications for Surficial and Underground Rock

August 10 (Fri) Excavations (6th &7th August)

Nate :* Short Course on Soil and Sediment Remediation Technologies will be
sponsored and offered free of charge to selected applicants,
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Over 200 will be presented in 4 Parallel Technical Sessions on Tentative Themes of

Soil Properties Ground Improvement +  Soil Dynamics & Earthquake Engineering
Laboratory & Field Tests on Soils Soil Stabilization - Landslides & Soil Slope Stabll;ty
Unsaturated Soils Shallow Foundations Rock Properties

Application of Geophysical Techniques Pile Foundations Rock Dynamics & Rock Cutting
Application of Statistics & Probability Underground Excavations in Soils Rock Joint & Mass Properties

Analytical & Numerical Modeling Dams and Embankments Rock Foundations

Constitutive Models Geotechnical Construction Surface Excavations in Rock

Fluid Flow in Geo Materials Geo-environmental Engineering Underground Excavations in Rock
Soil-Structure Interactions Geologic Hazards Tunnels and Shafts in Rock
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Please see the Conference Website at URL www.slgssr2007.org

For more information and Application Forms, please write to :-Secretariat, Sri Lankan Geotechnical Society: ¢/o
National Building Research Organisation 99/1, Jawatte Road, Colomba 5, Sri Lanka Tel. 2588946 ext. 228/224

or contact the Conference Co-chairs;

Dr. Athula Kulathilaka at University of Moratuwa Tel. 2650567ext. 2003 e-mail: sas@civil.mrt.ac.lk or

Mr. Kirthi Sri Senanayake at National Building Research Organisation Tel, 2588946 ext. 228 e-mail: senanayakeks@hotmail.com
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SLGS Conference on
Applications of Geosynthetics in Construction and Ground

Improvement Techniques

Wednesday, 14™ March 2007 at Hotel Galadari

PROGRAMME

8.45-9.00 Registration

9.00-9.10 Welcome Address
‘ Mr. Kirthi Sri Senanayake, President-SLGS

9.10-10.30 Geosynthetical Applications in Civil Engineering Designs
and Constructions
Dr. G.P. Karunaratne, Consulting Geotechnical Engineer, PCI,
Southern Transport Development Project and Former
Associate Professor of National University of Singapore.

10.30-10.45 . Tea

10.45-11.45 Geosynthetical Applications in Civil Engineering Designs
‘ and Constructions (cont....), Dr. G.P. Karunaratne.

11.45-12.45 . Advantages of Paving Fabric for Road and Runway
Construction
Mr. Michael Chong, Engineering Manager (Export Market),
TenCate Geosyntetics Asia Sdn. Bhd, (formerly known as
Polyfelt Asia Sdn. Bhd), Malaysia

12.45-1.45 Lunch

1.45-2.30 Use of Heavy Tamping in Highway Construction -
Experience in Southern Transport Development Project
Dr. Kamalnath Dissanayake, Chief Geotechnical Engineer,
China Harbour Engineering Co., Southern Transport
Development Project.

2.30-3.30 A Review of Soft Ground Improvement by Electro
Osmosis
Eng. Lee Eng Choy, General Manager (Techmcal) Emas
Kiara Group of Companies, Malaysia.
Manufacturers of KiaraTex Geosynthetic Products.

3.304.15 Discussion

4,15-4.30 Tea
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MeSsage from the President of the Sri Lankan Geotechnical Society
Dear Participant,

The Sri Lankan Geotechnical Society (SLGS) was founded on 27th February 1986 to provide the much
needed forum for scientists, engineers and geologists for the objective of exchanging and enhancing the
knowledge in the field of Geotechnical Engineering in Sri Lanka.

In way of achieving this objective SLGS has been successful in organising various activities and events
such as the monthly Geoechnical Forum that offers public lectures on the latest developments in the field
of geotechnical engineering, field visits that demonstrate various geotechnical engineering techniques,
annual seminars & conferences, workshops and Project Day that encourages young engineers in research
work and promoting their presentation skills. In addition, SLGS issues a quarterly SLGS Newsletter and
yearly SLGS Geotechnical Journal.

Since its recognition in 1994 as a Member Society of the prestigious International Society of Soil
Mechanics and Geotechnical Engineering (ISSMGE) SLGS has broadended its vision and prospects
internationally. This has enabled SLGS to organise events jointly with other National Geotechnical
Societies. Affiliation with the ISSMGE also provides SLGS members the privilege to publish and
participate in International and Regional Conferences organised by ISSMGE while opening the door to
the young Sri Lankan Geotechnical Engineers to participate in the international Young Geotechnical
Engineers Conferences.

SLGS has just completed 20 years of its service, contributing extensively in the national

development programmes. Our success lies on the active participation of our members, well

wishers and sponsors here and abroad and the devoted volunteers. To celebrate the Anniversary,
SLGS has organized many events and programmes.

To start with, SLGS has organized this Conference on Application of Geosynthetics in
Construction and Ground Improvement Techniques which is co-sponsored by M/s Finco Group
of Companies and M/s Nova Engineering Solutions, Sri Lanka & Emas Kiara Group of
Companies, Malaysia.

As the major event to mark the anniversary, SLGS is organizing the First Sri Lankan
Geotechnical Society (SLGS) International Conference on Soil and Rock Engineering, Colombo,
August 5-11, 2007 to be held at Hotel Galadari, Colombo. This event begins with a 3 day
programme of Pre-conference Short Courses and Workshops followed by the main conference
where over 200 papers from 35 countries will be presented in the Technical Sessions. Technical
Exhibition and Field Visits will also be organized. ISSMGE, has extended its full cooperation
and institutes such as the University of Arizona, USA, Tsin Hua University, China are
collaborating with the organisers.

SLGS is organizing another workshop on Ground Improvement Techniques with the
participation of Prof. Pedro S Pinto- President ISSMGE, Prof M R Madhav- Vice President Asia
of ISSMGE, Prof E C Shin and Prof J Sangseom from South Korea and Prof G Herten from
Germany on 17 th and 18 th of December. ‘

On behalf of the SLGS, I warmly welcome your active participation to make all these events
successful.

Thank you,

Sincerely,

Kirthi Sri Senanayake,

President, Sri Lankan Geotechnical Society.
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Bio Data of Dr G P Karunaratne

Dr G P Karunaratne graduated from the University of Ceylon at Peradeniya, Sri Lanka
and was awarded PhD in soil mechanics by the University of Manchester. He was
associated with the University of Ceylon, Peradeniya and the National University of
Singapore (NUS) for a combined period of 30 years. As an associate professor in Civil
Engineering at the time he left NUS in 2002, he had contributed to research, teaching and
the local and regional construction industry through designs, consultation and testing of
geotechnological material such as rocks, soils and geosynthetics. He has been honoured
by the continuing appointment as an Adjunct Associate Professor at the National
University of Singapore during which he is being consulted by research students at the
same university.

His contribution to NUS Patented Fibredrain, developed for the Changi International
Airport Construction in Singapore, and associated development of geosynthetics research
resulted in NUS granting spin-off status to the Geo5 R&D and Services Pte Ltd, a private
consulting company in Singapore, in which he acts as a consultant and a director. His
expertise in geotechnology brought him many interesting problems from construction
industry ranging from land reclamation to ground improvement. These led to the
development of layered clay-sand reclamation scheme, Fibredrain, geosynthetics and
band drain strain-gauging schemes, laboratory and field testing, damage assessment of
geotextiles and soft ground improvement schemes including heavy tamping. Recently his
“interests were directed towards electro-osmotic treatment of soft soils, blast resistant
reinforced soil structures, embankment piles and slope repairs.

In geosynthetics, he has been instrumental with his colleagues in conducting successfully
the 5™ International Conference Geosynthetics in Singapore in 1994. He served as a
council member of the International Geosynthetics Society (IGS) and a committee
member of the Southeast Asia Chapter of IGS. Recognition of his work internationally
resulted in a joint Key Note speech presentation at the 8" International Geosynthetics
Conference held in Yokohama in September 2006. He is also in the editorial board of the
Geosynthetics International Journal since its inception. He has well over 200 publications
in Journals and International Conferences.

He is a member of Australian, British, and Singapore institutions of Civil/Engineers and a
Fellow of American Society of Civil Engineers. He is also a professional or chartered
engineers of the former three countries.




Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

Course Organized by

Sri Lanka Geotechnical Society

GEOSYNTHETICS
- Introduction & Applications

G P Karunaratne
BSc(Eng), PhD (Manch)
PE(Sing), CPEng(Aust), CEng(UK)
FASCE, MICE, MIES, MIE(Aust)

Pacific Consultants International

Copyright: Dr G P-Karunaralne 2007 ... . .

Application of Geosynthetics in Design and Construction:inCivil Enginegéring - 14 Mar 2007

Outline of Presentation
Introduction and background
Type of Geosynthetics
Basic Po'ly'mers
Functions and various applicationsv
Reinforced Soil - Concepts and Design
Considerations | -
Filtration and Drainage Function
Landfill and other applications

Copyright: Dr G P Karunaratne 2007
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Background

= Geosynthetics: Products manufactured
from polymeric material (synthetics and
natural) used with soil, rock, or other
geotechnical engineering related
material as an integral part of a man-
made project, structure, or system
(ASTM, 1998; IGS, 1994)

Copyfight: Dr G P Karunaratne 2007

Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

User Requirements

Engineers need to know:

» Product types {What are geosynthetics?}
« Applications {Where can they be used?}
» Design methods {How can they be used?}
« Reliability {Safety, long-term effects?}
« Cost {$$3, fast construction?}
« Construction control {How to ensure proper control?}
« More information {Where to get?}
4

Copyright. Dr G P Karunaral tne 2007
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Geosynthetic Products

* Geotextiles i : o
» Geogrids |
« Geonets:

« Geomembranes
« G.Clay Liners

+ Geopipes

« Geotubes

« Geocomposites
» Others (geo-***)
« Erosion control

‘Copyright Dr.G P Karunaratnie 2007 Pigage 13 Topued ces

Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007
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+ Long chain
polymers .
from plastic
industry

« ‘Polymers -
from natural
materials
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~ Polymer Chains

o HHH HHHHHHHHHH
~ polymerization | | |

Pl

17
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Polymer Action
« Polymer: ‘Mani)""parts’ of monomer
« Monomers have the smallest
Molecular weight

« Degree of polymeri‘zatipn (number
of times a repeating.lihit occurs)
determines mole weight

18
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Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

Common (Synthetic) Polymer Types

o Polyethylene (PE)

. Polypropylene (PP)

« Polyvinyl chloride (P\/C)

» Polyester (Polyethylene
terephthalate) (PET)

o Polyamlde (PA) (Nylon 6/6)

» Polystyrene (PS)

19
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_ Application of Geosynthetics in Design and Construction in Givil’

Grades Of Pclyethylen
(ASTM D 1248)

ineering - 14 Mar 2007

o Low Density Polyethylene (LDPE)
| 0.910 < Density < 0.925

'f'? . Medlum "'enSIty Polyethylene (MDPE)
0.926 < Densrty <0.940 -
. ngh Densnty Polyethylene (HDPE)
ST 0941 < DenS|ty<0965

:.Cvol)'yﬁg'lll:vDr‘iG- P,Kéiﬁﬁérélri'ei'zdb') e

- Application of Geosynthetics in Design and Construction in Civil Engineering -~ 14 Mar 2007

Effect of Increased Polymerization

Increase in average Molecular Weight

-> increases
- Strength
~ Elongation
— Impact strength
—~ Heat resistance

- decreases
— Processability
— Flow behaviour

22
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Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

Geesynthetie Market Growth

o The total

" = Gootextiles .
~~-@=-= Geomembranes . -

market In - 300 - '—"ﬂ—- qeocun\:posiles
: - =0 Geonets
NOI’th i Googrids

0 e G@0SYNthetic clay finers

America in’
1992 was - -
UsS $1.3-

billion

200

1/

Millions of square yards. ".

W

80
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Sales Pattern |n 2001

¢ Geotextiles: Largest share of demand for geosynthetics
in 2001, with roughly 75 percent of volume sales

¢ Geomembranes: Led geosynthetic sales in value terms
as they cost more than geotextiles on a dollars per
square yard basis.

e Geogrids: Smaller volume geosynthetic products are
expected to achieve stronger demand growth through
2006, albeit from a small base.

o Geocomposites: Gains for these smaller volume
products will be driven by the ongoing development of
new applications

http:/fiwww.mindbranch.com/page/catalog/product

24
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Sales Pattern in 2001

e Ground stabilization and reinforcement: Continues
to lead demand, accounting for 29 percent of sales in
volume terms in 2001, among the various markets for
geosynthetics.

o Solid waste disposal, erosion control markets
fastest growing: Stronger annual gains are projected
for markets such as solid waste disposal and erosion
control, where geosynthetics benefit from the
performance advantages of the materials relative to
competing products.

http://www.mindbranch.com/page/catalog/product

25
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Application of Geosynthetics in Design and-Construction in Civil Engineering - 14 Mar 2007 .

2007 January

e US demand for geosynthetics is projected
to increase five percent per year through
2010 to more than 850 million square
yards

“http://www.mindbranch.com/catalog/print

26
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Cost Analysis

£l cRene/
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geosynthetics and o AT
0y & '
other products H "”WWJ}T&E&!&M RINER AV,
REMNFORCED WAL .
generally employed 0 —_—

3 § $ 12 15
HEIGHT OF WAL iN NETERS

WALL COSTS
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Production -
+ Polymer with additives
+ Components o
« Conversion ifito finished product =

AN

N

Monofilament
Multifilament Staple Staple Shlit-film
fibers yvarn monofilament Stit-film
muitifilament
Figure 1.11 Types of polymeric fibers (or yarns) used in the construction of geotextiles.

28
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Geosynthetics
‘Functions
- and

~ Applications

29
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- Functions

« Filtration Primary'
« Drainage - | Function
« Separation | Secondary |
+ Reinforcement Function
* Fluid barnef} o | Tertiary
* Protection Function
- | 30

16
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Filtration Functions

32 v

Copyright: Dr G P Karunaratne 2007
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Drainage Functions

33
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Separation Functions
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Reinforcement Functions
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Reinforcement Functions
P
[
Copyright: Dr G P Karunaratne 2007

19




Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

Fluid Barrier Functions
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Application of Geosynthetics in Design and Construction in .Civ'il‘Eln'gineering - 14 Mar 2007

Application 1 — Reinforced soil walls and slopes

History

. Agar-Quf Ziggurrat — 5 km north of Baghdad ~ Constructed with clay bricks
(130 — 400mm thickness) reinforced with woven mats of reed laid
horizontally on a layer of sand and gravel at 0.5m to 2m vertical spacing.
Reeds were made into ropes 100mm dia to act as reinforcement. Originally
80m tall, now 45m, and 3000 years old.

« Great wall of China, 200 B.C. reinforced with weeds and soils

- 2000 yrs ago- Romans — used alternate layers of logs and earth fill
« 1200 yrs ago- Thames river — 1.5 km long, 2m high timber wharf structure
« 150 yrs ago - British army used in reinforced soil walls

+ 1904 In dykes for river bank protection and in dams
. Munster, 1925, wooden reinforcement members and light facing

38
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Y HOUSING &
1 DEVELOPMENT
 BOARD

J. Wei, K.C. Chua, W. H. Ho,
S. K. Lim

Performance of a geosynthetic
remforced steep slope in

6opyﬁ§ﬁt: Dr G P.Karuj

Applic'a'tion of Geosynthstics in De{éig_’n and Construction in' Civil Engineering + 14 Mar 2007 -

Application 1 = Reinforced soil walls and slopes

Geosynthetic Cells
with Closetarfing -

(200KM/ 1)
RL 1307 --- :

Proposed road 'L;-_

1

extension 10000

7 Filtet Drain

Copyright: Dr G P Karunaratne 200
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Application 1 — Reinforced soil walls and slopes

Will discuss more in detail in the aftemoon...

41

"Copyright: DF G P.Karunaratne 2007 .

‘Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

Application 2 - Filtration/Drainage applica.tions'

" Allow free flow of water |
= upstream of the filter
’ Avoid external clogging

_ (With unstable soils)
. through the filter
' Avoid internal clogging
Survive constructlon and envuronmental
- stresses’ -
" Function can be prov:ded by eather namral o
- aggregates or by Geotxtiles - e

Gopyright: Dr G P Karuriaratns 2007
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Application 2 - Filtration/Drainage applications

SIMILARITIES
- Rigks of internal clogging by
1. ginex particles of the soils to be filtered

2. aerobic bacterial activity

3. deicing salt precipitation
4. ice lens formation withiy

{odhre clngging)

flie frost penetration Zone

| DIFFERENCES

- Thicknesy

High ( > 180 min)

Low (< 30 min)

- Porosity

25. 40 00

7E .98 0§

- Capillary yvise 41

Important { s < 00 mm)

Low to none { fie < S0mm) -

- Tensile strength

None

Lowtohigh

- Compressibility

Negligible

DMedinm o high

- Ty asmissivify undexr
confining giress

Invariable

Variable

- Uiformity

. Variable gradation as pexr

boxrow pit

Factory-controlled masy per
unie arven andd thickness

- Durability

Completely inert

Alfered by ultwaviolet rays

B - Inseallation

Nust not be contunined by
the smrouwnding soil,

Compaction needed

NEust be installed in intimate
contact with the soil tobe
fittered

Installation eased by seaming

of the joinits

A - Risk of damnage Subject ro punchure and
teaving

Gopyight; Garatev‘l v- B R SR

Appli‘cati()n’df Géosynthetibs in Design and Construction in Civil Engineering - 14 Mar'_2007

progresswely -fllled by solld m , tter to the pomt B

that the passage of water |s compmmlsed

Decrease in hyd rauhc conductnwty

. lnternal cioggin‘g- |

- By mmerai partlcles ,
- - By precipitation and chemical deposmon in the
voids by water containing iron, de-icing salts
- By biological growth encrustation in aeroblc
_conditions

Copyright: Dr G P Karunaratne 2007 - -

Appllcatlon : FlltratlonIDramage appllcatlons _
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Application 2 - Filtration/Drainage applications

pplications

Pavement SRS o
09> 00 9@ 0 <o Yo 0o g
e o PR aYs TR (‘JOO o OOC74C)

. o Stone base ¢

d > [¢] = Y
[¢] I 00’9 o 9« fod
N

¢
0 ¢ < 7
AT s S “\q“.’ N
7 NN % SN

| 2]

e

Copyright. Dr G PKarunaratne 2007
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- App_licéfioh_z - Filtration/Drainage applications
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Application 2 — Filtration/Drainage applications

Copyright: Dr G P Karinaratrie 2007

Application of.,Geosynthetics in Deéign and Constr'ucti_on,.‘ih Ci\__/il Engineering - 14 Mar 26_07

Application 2 — FiltrationIDrainage’ applications

Filter Application

|« Vertical consolidation drains
" (Van Santvoort, 1994)

COMPRESSIBLE
SOFT CLAY

- DRAININGLAYER -

Copyright; Dr G P Karunaratne 2067 )
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AppllcatlonZ FlltratlonlDralnageappllcatlons

ll(
"l
"llo/l e l.i,,‘fs

Geotextile

_ Maini support posts

e e

‘Copyiight: Dr.G P Karunaratne 2007 < - . I .t - .

Application of Gebsynthetics in Design and 'Constru'ction in Civil Engineering - 14 Mar 2007

- Fllter Characterlstlcs

‘Constrlctlon s:ze vs flltratlonopénmg size ._

PLANAR CONSTRICTION

Y

FILTRATION OPENING SIZE Op=
SIZE OF THE LARGEST CONSTRICTION
OF THE LARGEST CONTINUOUS PATH

Fiber Particle
I{‘ . ‘ " ,L.Q\,

o .o ..o ¢.'io L

e .:.h. oo ege
’

¢ e 0 o®

200 00 200 0V 0 0

o° :°'0° & O:‘i"é‘: R

°0 o!.o’é' *e

Copyright: Dr G P Karunaratiié 2007 "
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BASE SCIL GRADATION CURVE &3 1/,‘ g5
“HYDRAULIC CONDUCTMITY =i g
PLA?I'!I‘IW%SU“‘EPTIBIL\TY TO CRACKING

COHESIVE
[ S ITH]

COHESIONLESS

LEGEND :
(%) Mininnuu gap

(=3 Rssk of Plplng of
Flner Parnicles

LINEARLY GAP CONCAVE
GRADED GRADED UPWARD
, TTERNALLYS <TNTERHALLY
STABLE STABLE
(ﬁs"q NO) )

l Ay~ dgs | ’ Uy =dtsg ||rl,=dp(=ﬂ” d~ m(**: H u,::go(**)|
L3 . ¥ 1 v

/RETENTION / RETENTION
S om<d S < %90 34y
o - 3 aall

//’ pEl'(u"E‘Z\BIII(-"Y 7
=20
/ F>20 k8 /

' """

: Copyright Dr G P Kahunarate 2007+ *

« By index tes s on‘
base soﬂs :

Application of Geosynfhietics in Design and Construction'in Civil Enginesting - 1 4£‘:Mé‘r 2007

— Fllter selectlon -

. By performance test (Fannm et al., 1994)__,{

,Gradlent Ratm

GR= {h,- h1)l 25
~ (h=hy) 150
Mass of Piped Particles

-~ Statonary

Mp = Mass

Pioed padices

Adustable

Sample Al’ea , - PERMEAMETER

Copyright: Dr G P Karunaratne 2007

. CONSTANTHEAD DEVICES 3
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Application 2 - Filtration/Drainage applications ~
2b: Geocomposite Drains

GT or scnl)

ne granular f"lter preven spenetratlon of f“nes l?f
3 the drain (Flltratlon) g : '
granular core transports the water in the
n of the ﬁlter (Dralnage) '

Copyright: DF G P.Kéfuindratis 2007 .

Application of Geosynthetics in Design and Cén"struction i Civil Engineering - 14 Mar 2007

Appllcatlon 2b Geo-composrteDralns '

'Pavement edge drams .
terceptor trenches on slopes =

| 7 Dramage behmd abutments and retammg e
structures e e

. Rehef of water pressure on burled structures
. Substltute for conventlonal drams - g
. Leachate collection and 'gas ventmg

. Dralnage mats in honzontal apphcatlons e. g
roofmg

“ 54

Copyright: DrGP Karunaraine 2007
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Appilication 2b - Geo—composnte Drains

Cross-Section of Typical
Application (1)

BUILDING DRAINAGE . " GARDEN ROOF

R T
S S S S S GNANASNE

' ROAD EDGE DRAINS HORIZONTAL ROOFING

ENEN NSNS

FINDRAINS ' o " PARKING DECKS

. RETAINING WALLS "~ - PLANTERS

Copyright: DEG.R Karuinarétn'e’200:7

Application of Geosynthetics in Design and'Construction in Civil Engine_e,ri_ng.— 14 Mar 2007

Appllcatlon 2b - Geo-composute Dralns

Cross-Sectlon Of Typlcal
Application (2)

¥

LOST SHUTTERING

SPORTS FIELDS

GAS & WATER DRAINAGE
"LANDFILL CAPS/COVERS

Copyright: Dr G P Karunaratne 2007

PRESSURE RELIEF MATS
UNDERGROUND PARKING

TUNNEL DRAINAGE

LEACHATE DRAINAGE
LANDFILLS

29
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/El

Hridge deck Read cun,;struction l?
; /]

i
IRISTRINE ANENARAEN AN

SL1Ti

, : bt I
Filrarn = Rackfil T PR A EAN )
Fin drafr = : NSRRI P—
\‘j 'E_SB‘}M',“ Fin grain
fofous . .
PIPE ey y Dellar floor
I gaotoxtile geotextily

Agarogate

Porous pipe

Copyright: Dr G P Karunaraine 2007, - -
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Application 2b - Geo-composite Drains -

Copyright: Dr G P Karunaratne 2007
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Application 2b - Geo-composite Drains

Copyright: Dr G P Karunaratne 2007 .-

Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

Application 2b - ,G,,e‘b.-,c':fo;r’n'posite Drains

s : 3. Herd BK the it fund slus Dy o st
alion of protective bitumen N T » - piwited irto the wall, the rest of U sren is
ingt o (e bnsedation bayer before werwwed by plugs, The overlen isserwred
e S by tarking. .
1. Cutling the drainage it
i ahesta bo Bire,

. Artcilronst tacking may be
requiedio gecure the
overtas snd the covesing lo
e pige at fhe hotlom of the
wsll. . B

A The matling is fotded or cut to
accommonate any and el shapiog. I
L SR 7. Backfill ancomptetion
of installation of the drain.

Copyright: Dr G P Karun
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Application 2b - Geo-composite Drains

i

Application of Geosynthetics in Design and Gonstruction in Civil Engineering - 14 Mar 2007

B

Application 2b - Geo-composite Dralns

Copyright: Or G P Karinarathe 2007 -
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Application 3- Landfill

Waste Containment Liners with
Geotextiles

Geotextiles are used in contamment apphcatlons
-to fulfil various functions such as:

-« filtration
* protection
- drainage
rem‘forcemeﬂit

Application of Geosynthetics irf Design and Construction in Civil Engineering - 14 Mar 2007

Application 3- Landfill

=l }’% S A Waste

"'?,
//;
”é’ "{1'4\ i‘.

< /// "

e

<«

Copyright: Or G P Kafunaratne 2007 . -
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Copyright; Dr G-P Karlnaraine 2007

3 g

- GOVOr soil
e QROGHA - .
[P geocgmposite draln %
e Claty liner

P e geotexfile ﬁllnar
_.— drainage gravel
- geotexiile protection
£ geomembrang

d

s

ot o
~- clay liner

G .
- sibgrade soil
IR
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Application 3- Landfill

Copyright: Dr G P Karunaratiie 00 i
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Application 3- Landfill

Copyright: Dr G P Keninaratne 2007
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Application 3- Landfill
Defect in Geomémbrane

69

Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

Offshore Landfill in Singapore

Copyright: Dr G P Karunaratne 2007
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Copyiight: DF G P Karunaratie 2007

ian and Gonstruction in Civil Enaineerina - 14 Mar 2007

Application of Geosvnthetics in Des

Copyright: Br G P Karungratne 2007
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Copyright: Dr'G P Karunaraing 2007 . |

Appﬁcaﬁon of Geoeynthatice in' Nacian and Conctrictinn in Civil Enninaarinn .14 Mar 2007

ROSS-SECiol of il RETANIG Bl

74

Copyright: Dr G P Karunaratne 2007
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Largest Offshore Landfil ..

e S5$840 million landfill

. Operationa-l._'in‘ApriI 1999

e Holds all Singapore’s domestic refuse
e |asts beyond 2030

75

Copyright: Dr'G P Karunaraine 2007
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3&5 y . #

Copyright: Or G P Karunaratne 2007
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Semakau Landfill after 2050 ++

Copy’ri;jﬁt_Drf(‘s P Karunaratrie 2007 -

Application of Geosynthetics in Design and Construction in Civil Engineering - 14 Mar 2007

Application 4 — Applications and Roads & Railroads

Separétzbﬁ Applgéat;ohé

Typ:ca! Apphcatmn of Geesynthetlcs
as Separators i ek X

. At sub-grac{elsub—base
+ interfaces in temporary and
permanent roads

« Between railroad ballast and
a foundation soil

. Between embankmeﬁt fill
and soft foundation soil

78

Copyright: Dr G P Karunaratfie 2007 .
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Application 4 — Applications and Roads & Railroadts

Se pa'ratlfo;n , Geatejj_(tillei Bei ng Laldand  ..: !

gy

Copyright: Dr G P Karuraratie 2007 . .
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Application 5- Geob‘ag'in Coastal application

41
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To be continued

Gopyright: Dr'G P Kaninaratne:2007° -
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Geotextiles for Road Pavement Rehabilitation
Michael Chong (BE)

Sale Manager —- TENCATE Geosynthetics Asia Sdn Bhd

BIODATA OF Mr. Michael Chong
Michael Chong is currently the Sales Manager of TENCATE Geosynthetics Asia
Sdn Bhd (Formerly known as Polyfelt Asia Sdn Bhd). He is responsible for
marketing and technical support to various countries in Asia.
Academic Background

e Bachelor of Civil Engineering, 1998, University of Science Malaysia
PROFESSIONAL EXPERIENCE
TENCATE Geosythetics Asia Sdn Bhd 2002 — present as .Salésa Manager and
responsible for ‘mérketing . and technical support to Hong Kong, Taiwan,
Philippines, Vietnam, Indones1a Malaysia, Bangladesh and Sri Lanka In addltlon

he is also the product manager for Geosynthetics Clay Llner

Michael conducts various techmcal trainings and presentatlons- s on Geosynthetics to
Public Works Department, University and Professional Institutions in Asia.

Professional membership
o Member of International Geosythetics Society

o Graduate Member of Institution of Engineers Malaysia
e Member of Board of Engineers Malaysia.
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The application of paving fabrics in areas such as road and rumway rehabilitation can
provide significant economic benefits to end users. Paving fabric is a proven product
which, prolong the life span of roads and runways. The maintenance cost will be reduced
substantially.

Basic theory as well as laboratory testing on paving fabrics will be presented. The
success of paving fabrics applications lies on the installation know-how. The installation
methodology as well as other important information such as bitumen type, spray rafe and
weather will be highlighted. Various project references in Asia will be presented in the
seminar,

Road cracking Paving Fabric

Paving rig

44
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Manufactured by the 180 8001 :
2000 certified Confasb Steel
Company in a fully automated
modernised plant with a produetion
capacity of 400 tons per day, CN
Steel is made usihg German
Technology based drives and is now
rapidly working its way towards
achieving 180 14000 certification. &

Taken for the construction of high rise building projects virtuslly from the
first day it was introduced into the market, CN Steel is today the trusted
quality standsrd of engineers around Sri Lenka due to its superior quality
and strength.

@ Fesl s

CN STEEL :

+ Conforming to British Standards BS 4449 : 1997

¢ Received SLS - 375 Certification

+ Raw Material : 100% prime steel imported billets

» Product Renge : 10MM DIA to 32 MM DIA

o Available Length : 6 - 12 metres

« Now available at a competitive price policy due to high productivity.
s Spaclal prices for BO! Duty Free Projects.

150 9001:2000
Guaranteed Strength of

CONFAB

STEEL (PRIVATE) LIMITED

Office : 5 - 9, "World Trade Centre”, Plant ; PO, & Village Muddaragama.
East Tower, Echelon Square. Gampsha District, Wastern Province, Sri Lanka.
Tel : 011 2394867 Fax : 011 2384685 Tel : 080 2339788 / 060 2330333
Mobile : 0777 872315 / Fax: 033 2285867
0777 800648 / 0777 B37740 © Moblle: Q777 637741 / 0777 637743

E-mail 1 confaboro@sitnet. ik E-mail : confabw@sltnet.lk




Bio Data of Dr. Kamailnath Dissanayake

Graduated from University of Peradeniya in 1994 and served the University as a
teaching assistant till 1996 and a research assistant from 1996-1997. |
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Abstract

Very frequently the infrastructure development activities, especially highways, railways
water supply schemes, etc. and related structures are now constructed on land with poor
ground support conditions. Further, the countries like Japan, Singapore, Malaysia etc., where
the developable areas are scarce, reclaim land from the sea that the underground conditions
are very much unfavourable for construction. Sri Lanka now faces this similar situation in par
the world and most of the structures and other related constructions are taking place on
improved ground. About 55% (18.9km out of 34.3km) of the main road length of package 1
of Southern Expressway runs from Kottawa to Dodangoda has gone over soft ground areas
and thus warranted treatments to improve. In addition, ramps and access roads totalling
11.5km are ‘also found on such deficient subsoils. Within this area there is a very soft soil
layet along 3.6km section on the road where the embankment height reaches an average of
5m. This paper thus presents some of the details of the subsoil conditions at these locations,
their engineering properties and the design criterion adopted in Heavy Tamping method of
ground improvement. Some details of method ‘of construction, details of the trial embankment
and its behaviour and the improvement to the design are also discussed herewith. It is also
intended to present some measurements of pore water pressure after the design improvement.

1.0 Introduction

Very frequently the infrastructure development activities, especially highways, railways
water supply schemes, etc. and related structures are now constructed on land with poor
ground support conditions. Further, the countries like Japan, Singapore, Malaysia etc., where
the developable areas are scarce, reclaim land from the sea that the underground conditions
are very much unfavourable for construction. Sri Lanka now faces this similar situation in par
the world and most of the structures and other related constructions are taking place on
improved ground. About 55% (18.9km out of 34.3km) of the main road length of package 1
of Southern Expressway runs from Kottawa to Dodangoda has gone over soft ground areas
and thus warranted treatments to improve. In addition, ramps and access roads totalling
11.5km are also found on such deficient subsoils.

In earlier times, poor ground areas have usually been avoided or structures with deep
foundations such as a bridge supported roadway have been constructed over the top of the
loose deposits. Many types of site improvement techniques are now available that allow
embankments and interchanges to be constructed directly on densified ground. One form of
dynamic compaction using heavy tamping is adopted in Southern Transport Development
Project between Kottawa to Dodangoda to improve substantially poor ground condition at
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few locations. This note thus presents the technical background of this method of treatment
which has been deployed first time in Sri Lanka for road construction.

2.0 Subsoil Condition

2.1 General geology of the area

The trace from Kottawa to Dodangoda is found on the southern part of the Highland
complex. The rock structures within are dominated by layering with an internal fabric
showing evidence of ductile deformation, including transportation of layering coupled
with extreme flattening layering and stretching, characterised by a thick sequence of
gneisses. The major rock types occurring within the area of concern are charnockite,
Charnockitic gneisses, and garnitiferous quartzo feldspathic gneisses. These rocks are
overlaid by residual soils and alluvium. The insitu weathered soil overlying the bedrock
in hilly terrain shows complete range of weathering forming completely weathered
lateritic clays and silts. River alluvial sediments that are usually found underlying the
valley beds as well as in floodplains consist of brown micaceous clay layers occasionally
intercalated with sand and gravel. Marsh and lake alluvial deposits encountered in the
similar topographic conditions above are mainly black to brown peat and organic clays
which sometimes carry patches of Whrte sand

2.2 Ground profile and soil parameters:
Out of about 18.9km 'length of poor ground within the project area a section of about
'3.6km in length is found to'be very soft as shown in Fig. 1 below. Free fall of SPT has
been observed at-many instancés along: the. centreline of the expressway. Ground
explotation was carried out at each 50m interval using either Machine Boring with SPT,
Cone Penetrometer with pore pressure measurements and Hand auger bormg
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Fig. 1 Ground profile from Ch 16+700 to Ch 17+100
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The poor ground encountered within this area comprises of valleys and depressions in the
bedrock and decomposed rock formation that has been filled with very soft to soft alluvial
clays, silts, organic soils and deposits of amorphous fibrous peat. The thickness of the
amorphous peat layer is about 2m to 6m. The underlying organic clay layer also ranges
from 1 to 4m and the total depth of poor ground comprising peat, organic soils and soft
clay varies from 6m to 10m. ’ :

Some of the basic soil properties for different type of soil encountered at those poor
ground area were also found from this additional investigation and are tabulated below in

Table 1.

Table 1 STDP- Package 01 (Ch.25~27)

) Organic . Moisture Specific
Material | oontent (%) | content (%) | gravity g/lcm®
87.693 210.30 1.73
Peat 21.604 407.08 2.22
51.582 248.66 1.68
: 46.506 236.81 1.98
Clay /
Organic 49.407 84.85 236
Soil - 84.55 2.31
- 23.48 2.34
sSC 1.385 21.55 2.54
- 20.94 24
SM - 23.48 2.34
SW-S8C ‘- 26.15 2.64
3.0 Heavy Tamping

Because of this very soft ground support condition it was earlier decided to adopt remove and
replacement by rock method to support the embankment, the maximum height of which rises
to about 7m above the existing ground level. However, due to adverse environmental and
social considerations arising from remove and replacement method as experience elsewhere
in the same project Engineer (consultant) proposed new method ground treatment method
called heavy tamping. A trial of heavy tamping was proposed and constructed at a
predetermined location along this problematic stretch of the road and following sections
describe the method adopted in implementing the construction.

Dynamic compaction via heavy tamping technique consists of using a heavy tamper (pounder)
that is repeatedly raised and dropped by a crawler crane from varying heiglits to impact the
ground. The energy applied in phases on a grid pattern over the entire area using either single
or multiple passes. Following each pass, the craters that are created due to the drop of tamper
are either levelled with a dozer or filled with granular fill material before the next pass of

energy is applied.

All of the energy is applied from existing grade and the degree of improvement is a function
of the energy applied: i.e., the mass of the tamper, the drop height, the grid spacing, and the
number of drops at each grid point location. Figures 2 to 4 illustrate the dynamic compaction
process and the equipment that has been used on a regular basis
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Tamper (pounder)

Fig.2 Basic equipment use in Heavy Tamping
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Fig. 3 Dimension of the pounder and its view
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Crane Hook

Automatic Releasing
Mechanism

Hydraulic hose for releasing
mechanism operation

Fig. 4 Hydraulically operated releasing mechanism (ALARM) attached to the crane

The basic necessary equipment and accessories for heavy tamping operation are crane,
pounder and a releasing mechanism. In order to get 15T weight, steel plate assembled unit as
shown below (Fig. 3) was fabricated. The releasing mechanism of the pounder is attached to
the crane as shown in Fig. 4 above.

3.1 Design Plan
In order to carry out the improvement to the poor ground conditions a ploper heavy tamping
plan must be developed by-considering following items.

1. Selection of the tamper mass and drop height to correspond to the requued depth of
improvement. . . :

2. Determination of the apphed energy to be used over the project site to result in the

desired improvement. '

Determination of the grid spacing and number of phases.

Establishing the number of passes.

The need for a surface stabilizing layer.

s W

This detailed design process could be summarised and presented in Table 2 below. The n
value for the Equation 1 is varying from 0.35 to 0.4 for Clayey soils and thus, the lowest
value of 0.35 was considered in this particular design. Therefore, the estimated depth of
ground improvement with a 15T pounder weight and an average height of drop of the
pounder about 8m is 3.8m below the ground level.

It is also important to note that for this operation the capacity of the crane should be always

greater than four times the weight of the pounder and hence, 80T cranes are used to carry out
the improvement work.
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Table 2 Design guidelines (Modified from FWHA publication no. SA-95-037-Dynamic

compaction)

* Parsmeters fo be Determined

Evalustion Process

Step 1. Selection of tamper and drop height
for required depth of improvement

Equation 1; D = nyWi)™

A, Deteemine thickness of Joase deposit from subsurfsce exploration
or the:postlon of the doposit ther eeds densification 1o satlsty
(dasign reqlecmenty,

B Use Equation | anid selest v vadue Biom Table 7 for sl type,

C. Use Figunt 21 4 9 guids in selacting Lamper mass and drop height
| for dynamic compastion cquipment cumrently in uss,

Step 2 Determine applied energy to achieve
requized depth of impravement

4, Use Table 8 10 s2lect the vl erergy for Uie proper duposit
classification,

B. Multiply the undt ersegy by the deposit thickness to abisin fhe
averane ERurLy 1 apoly 2l grsund suifsee.

Step 3: Crrid spacing aud drops
WS Nix Hi

Lguation 2, 4z - =]
Representative grid area

Where: N = number of drops
P = number of passes:
W = mass of tamper
H = drop height

A Byleci 4 grid épﬁslﬁg ranging Froms 1.3 10 3.5 tlenes the dlameter of
the tampe .

B, Enter ¥ e ¥ Gom stop 1 and applied snergy Trom sty 3 ints
Bquation 2.

. Use Bquation 2 to coleuluie the product of ¥ and £, Generally 7 ko
15 drops are mide st esch grid point, Whe ciiewlstlons indlowe
slgnificantly mare than 15 or Jess than 7 dropg, adjust the grid
spacing.

Stepd: Multiple Passes

Pradiction of crater depths or ground
heave in advance of dynamic
compaction ig difficult. The contract
should provide for multiple passes

fire present or where silty deposits are
nearly saturated,

A Crner

where very loose deposits like landfills |

g SIS e HHERO-10 112 MSTEht O T Ve plus
gy

B. Engrgy application should stop 6 geoiong haave ocours, -

C. 1 itemts A or I occur bedors the requlred mimber of drops arc
applled, multiple passes should be used ta: -

* permit ground leveling 1 dtem A occury

* allow pore pressure disslpation ifiiem B occurs

Sie:p 5 : Surface stabilizing layer

A MO B0 ROt Z02 | S0, May e sequitcd Tor Zone 2 sois if
newly saeated. Uswally requilred for fandfills.

B. When surface stabilizing Tayer Is used, the tsickness genemlly
veyiges from 0.3 10 0.9 m,

The trial are of 60mx40m is selected to be carried out at the section from ch17+370 to
ch17+430 based on the ground condition observed during the additional site investigation.
The applied energy requirement of this area was calculated based on the estimated settlement
of the soft soil at the trial location upon the loading from the embankment and the traffic
loads. The design curves for enforced settlement and the relation of applied energy and
enforced settlement are shown below in Figs 5 and 6.
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Therefore, the requirement of the energy application to the trial area was about 500 Tm/m”.
For the above energy level, the grid spacing and passes were decided as shown below.

P1,P3 B4 P P1,P3| "E
P1,P3 £\ PLP3| v _
'r‘ ' ;
om Pi = Pass number
Stage Pass (Weigtlillggi}; hst tit;:ilows) # Prints Expectc?lflrfnergy
1 15T*x5mx10 74 55500
I 2 15Tx5mx10 58 43500
3 15T=x5mx10 74 55500
4 15T%x8mx20 68 - 163200
1~ 15T*8mx25 74 222000
. 2 | 15T<8mx25 58 174000
3 15T=x8mx25 74 222000
4 | 15Tx8mx25 68 7204000
Total Energy applied to the area of 60mx40m 1139700

Form the above figure, the total estimated applied energy intensity at the trial area is

Fig. 7 grid pattern and the schedule of multiple passes |

estimated to be about 475 Tm/m>.

Based on the above design plan, the actual work at the site was carried out as per the activity

diagram shown in Fig. 8 below.

Although the guidelines are useful in planning and implementation heavy tamping, it cannot
replace good judgement. Frequently during densification, adjustments must be made to the
planned programme based on how the ground is responding to impact. Hence, the design

engineer must always use good judgement to supplement or alter the guidelines.
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3.2 Site operation

The first activity of this operation is to construct the working platform over the soft ground
area along alignment of the trace. This has been carried out using soil from general cutting
area and it was understood that the platform must be well above the existing water level or
existing ground level, which ever is higher, in the area for efficient performances. Therefore,
a platform of about 1m above the soft ground was constructed at these locations. After the
completion of the platform preparation, a levelling survey was conducted to determine the
height of the platform before the tamping.

According to the scheduled programme showed in Fig. 7 above, the tamping operation started
with the Stage I energy application and completed the operation within the month of June
2006. While carrying out tamping, the sizes of the craters formed were measured to obtain
their volumes. Similarly, the tamping for the Stage II energy application was carried out
starting from Phase 1 as per the above Fig. 7. Similar to Stage I operation, all the site
measurements of craters formed during tamping was obtained and reported. The other
operations such as transporting materials to the site and filling craters were carried out as per
the general filling operations.

While completing the Phase 4 of this stage it was observed that the softer material underneath
is oozing out of the platform from several spots (Fig. 9) and thus, the tamping operation was
ceased with the direction of the Engineer after reaching the actual energy application of about
162 Tm/m’.

a. Some spots where soft soils had oozed b. Excavation made at a oozing out
out from the platform location to observe the condition

Fig. 9 Oozing out of soft material due to intense tamping at the trial location

3.3 Noise and vibration monitoring

Noise and vibration monitoring has been carried out at different locations along the trace and
also perpendicular to the traverse as shown in Fig. 10 below. These tests were carried out
understand the impact of ground vibration and noise due to tamping operation along the trace
and would be useful when deciding the next location for the operation with consideration to
mitigate nuisance to the public.

10
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Fig. 10 Variation of vibration due to tamping at the rial area

3.4 Foundation preparation and surveying

After the completion of tamping the undulations on the ground surface due to heaving of soil
was scraped and few roller passes were made to make the foundation surface much flatter for
supporting the embankment loading. Thereafter, such prepared platform was surveyed once
again to obtain the final level of the platform. , . .

3.5 Geotechnical investigation
The ground profile before the trial was shown in Fig. I above following the additional

investigation carried out for embankment locations.

. CH.17+370 TO 1,,.7_+430

L7 Legend

C,D,E,F,G - Bore holes

Fig. 11 Locations of exploratory points at the trial area after improvement

Ground profile after the improvement

The variation of subsurface soil profile was investigated after the improvement using
Standard Penetration Tests carried out at locations shown in Fig. 11 above. Exploratory
points were selected such that at least one should be located on a print location and another

11
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on a non-tamped location; i.e. a space in between two tamped (print) locations where tamping
was not carried out. Thus obtained soil profile is then estimated and plotted in Fig. 12 below.

Platform top level

- - -l-o-o-o-lesse - -

T /_.\_,,,“__/_\w_,.v___ SN

A-\
WR / Rock

40m

Fig. 12 Estimated soil profile along A-A of Fig. 14 after the subsoil investigation using SPT

The logs obtained from boreholes carried at above locations are given in the Fig. 13 below.
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Fig. 13 Borehole logs after heavy tamping

Laboratory testing
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In order to test the settlement characteristics of the peaty soil found at the trial location, an
undisturbed sample of soil was extracted from the trial location to a CBR mould and a large
scale consolidation test was carried out at the lab in the office premises. Some of the photos
taken from this exercise are shown in Fig. 14 below.
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a Bxtracted smple ready for testing b Loading in the wlab’q_raitdr'y ‘

Fig. 14 Sampling of soil at trial area and preparation for laboratory téé'ting

Thus, the 1-D consolidatidh test results obtained are presented in Figs. 15 below.

. Load / {kPa) Tima /(days)
o t 10 100 1 _ 10
0 T e 0 , L
N :
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~— 800 E \‘\
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a. Time Vs Settlement plot during loading b. Load settlement plot of the behaviour

Fig. 15 Characteristics of the peat under large scale laboratory consolidation test

3.6  Instrumentation and monitoring
CH.17+387 TO 174413

G OF 6 LANE
G OF 4 LANE

CH 17+387

ROW

CH 17+413

Legend

@ ABFHJKM -Piezometers
a2 GlL - Seftlement plates
A CDENO - Stability stakes

Fig. 16 Layout plan showing the locations of instruments at the trial area

13

76




After the preparation of platform by tamping, followings were installed before the loading of

embankment takes place as presented in the layout plan shown in Fig. 16 above. As per this

figure, seven stand pipe piezometers, three settlement plates and five stability stakes were

installed to monitor the performance of the embankment after the treatment. The number of

piezometers to be installed was increased from 3 to 7 when the pore pressure under the e
foundation just after the improvement was observed high. The instrumentation at the trial site .~ i
is shown in Fig. 17 below. ' '

b Installation of stability stakes at the edge of ¢ Instrumentation at site
embankment :

Fig.17 Instrumentation at the site
After installation, the embankment soil surcharge was placed in loose condition and the

construction was completed within two weeks raising the embankment level about 3m from
the platform level.
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Piezometric Observations _

During and after the surcharge the observations from the piezometers at the site are presented
below in Fig. 18. They show a considerably high pore pressures under the embankment. This
figure herewith presents the difference of pore water pressures within and outside the
foundation area for the trial before and after loading the embankment. It is obvious from this
observation that the pore pressure once imposed either due to tamping or surcharging remains
virtually constant over the time and thus, the dissipation.excess pore water pressure is found
to be extremely slow. At the last observation the pressure difference is about 5.5m to 6.0m in
excess and some of the standpipe piezometers were found overflowing occasionally.
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Fig. 18 Pore water pressure under the platform

Settlement observations

L i
3.0m / ' Surcharge fill \

12m | ' Platform (improved ground)
2.3m 1 e Peaty Clay
2.0m o ~ Sandy Clay

0z

Fig. 19 Estimated ground profile at Ch 17+400 (see interim report)

The estimated soil profile beneath the embankment after the improvement using heavy
tamping, which is used for the calculation of settlement, is presented in Fig. 19 above.
Settlements observed at the heavy tamping trial area on the settlement plates are plotted,
along the predicted settlement curve for 2.3m of peaty clay layer, as shown in Fig. 20 below.
The locations of the seftlement plates aré shown in Fig. 16 above and the parameters used for
settlement prediction is presented in Table 3 below. It is shown from this figure that the
estimated total settlement of the trial embankment is 725mm. It could be also observed that
the measured settlement of the plates slowly approaches the predicted settlement curve and
‘would be continued for long period unless the excess pore water pressure is dropped.
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Table 3 Properties of platform, embankment and underlying
soil at trial area

Parameter Material Values
Embankment 16
{Loose)
Unit weight Platform 20
Yyin kN/m®
Peat 105
Sandy Clay 156.7
Peat C=5kPa, ¢ =0
Shear Strength C = 14.7kPa,
g Sandy Clay 6=0 @
Ce 3.286
A C, 0.1429
Consolidation Peat & 6.85
P. /(kPa) 15
Time /(days)
0 10 Start of measurement 100 1000
50 [T T —_—- Predic.ted
e} Obs-CL
~100
E ——#A——Obs-RHS
=150 e Obs-LHS
&
g 200 -
=
[0)
0 250 |
300 |

350 L— ;
Time Vs. Setftlement-17+400

Predicted final‘settlement is 725mm

Fig. 20 Measured settlement of the embankment against the predicted

3.7 Application of Wick (Band) Drains
Since the observation of very high pore water pressure at the site after embankment fill, it
was decided to install band (wick) drains in 1.5m grid spacing to accelerate discharging
excess pore pressure before the next pass. Then the band drains were installed outside the
trial area at ch 17+600 to 17+660 as per the photo below (Fig. 21) and tamping was carried
out as discussed previously. Measurement of pore water from a standpipe piezometer located
at ch17+630 showed a substantial improvement of excess pore pressure dissipation at this
tamping location (Fig. 22). Therefore, it was learnt from this exercise that for soft clayey or
silty sub soils it is necessary to install PVD prior to tamping in order to get rid of excess pore"

pressure generation before the next pass, which otherwise would lead to non densification
due to early energy saturation condition.
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Fig. 21 Functioning band drains at the site during tamping operation
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Fig. 22 Rapid pore pressure dissipation during and after tamping operation with 300Tm/m?

energy density

4.0 Stability analySis of the embankment

Stability of the improved ground with the platform was analysed for possible different
possible conditions .and the results are presented in Table 4 below. The Slope/W 2004
software was used to carry out the analysis and an example of the stability analysis results is
shown in Fig. 23 below. The shear strength properties are assumed following the results of
SPT at the trial area. This analysis indicates that when the undrained shear strength is as high
as 100kPa, the stability of the embankment is marginal with ground water pressure as high as

6m.

However, during the monitoring period up to now since July 2006, no instability of the trial
embankment was observed and almost no movement is recorded on stability stakes installed

either side of the trial embankment.
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Table 4 Summary of the results of stability analysis

Case Material property Pore water FOS
No. Platform Embankment Pressure Spencer | Janbu i}
C | 100kN/m? Piezometric
1 ¢ 0 (observed) 1.04 0.98
C| 50kN/m? Piezometric
2 n 0 (No shear (Observed) 0.67 0.62
o o Strength)
7 ; . .
3 m y = 16kN/m Piezometric 0.53 0.45
0 350 (Observed)
C 0
4 Normal Ground 0.44 0.37
¢ 300 water :
C 0 v | 20kN/m®
5 | C | 30kN/m? | Normal Ground | o9 | g5
30° water
¢ q) 3 50
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5.0 Concluding remarks

When considering a safe design of an embankment the general requirement is that both
settlement and stability criteria have to be satisfied. Therefore as a summary, behaviour of the
embankment with respect to both settlement and stability is discussed herewith.

5.1 Settlement
From the compression properties of peat and underlying compressible material, the total
settlement of the embankment was estimated to be 725mm which would span through
about 10 years. However, it could be seen from the settlement monitoring curve shown in
Fig. 20 that the measured settlements are now deviating from the predicted curve.
Therefore, Asaoka’s settlement prediction curve is drawn with the measured data to find
the trend of the actual settlement at trial location (Fig. 24)

Asaoka Curve for Ch.17+400 C/L
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Fig. 24 Asaoka’s plot of measured settlement

From this figure it was found that the final settlement of the embankment with surcharge
loading is going to be only 297mm. Therefore, it could be concluded that during the
Heavy Tamping operation the compressive strength of the underlying materials have
substantially improved so that the predicted settlement based on the measured values are
far less than the estimated settlement from parameters before tamping. Hence, much
controversial secondary component could be easily arrested by simple preloading. The
application of PVD would also contribute positively for rapid completion of required
settlement.

5.2 Stability
It was understood from the stability analysis of the trial embankment that due to the rise
of pore water pressure underneath during construction would lead to marginal instability
in short term. Hence, if the rise of pore pressure could be controlled then the embankment
would become stronger and stable even just after the construction. Therefore, it is
necessary to provide a rapid water pressure discharge mechanism, such as PVD
installation, to be adopted together with the heavy tamping to enhance the stability of the
structure.
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ABSTRACT:

Numerous techniques have been used in improving the mechanical properties of soft clay.
Such methods have included stone columns, pre-loading with vertical drains, vacuum
preloading, lime/cement columns and electro-osmosis, etc. Electro-osmotic treatment of soft
clays and the use of Prefabricated Vertical Drains (PVD) with surcharge load have been well
documented and proven to accelerate the improvement of soft clay. The coupling of these
two technologies has given rise to a fairly new concept of soft ground improvement using
EVD or Electro-Osmotic Vertical Drain. This new technology has been driven by the
successful manufacture of drainage electrodes in the identical form of PVD, hence enabling
very competitive installation method, which has for long been a barrier to electro-osmotic
ground improvement. The primary difference between EVD and PVD is that EVD achieves a
very much faster rate of treatment.

Two field applications of the electro-os§motic ground treatment technology using EVD have
been carried out in Malaysia. This paper describes the field implementation and the
effectiveness of the treatment. Marked increase in the undrained shear strength of the soft
clay has been observed. Further analysis showed that the improved foundation soil could
support a higher embankment load than the traditional PVD ground treatment under similar
conditions. I '

1. INTRODUCTION

Constructions of built facilities have now progressed onto marginal land in many instances,
needing improvement of the properties of the soft soils to improve its bearing capacity and
load-deformation characteristics. There are currently several methods available to improve
the properties of soft clay. Conventionally, geotechnical engineers have applied vertical
drains with preloading to improve the properties of soft clay. Other methods include stone
columns, cement and lime columns, vacuum preloading, etc. Innovative applications of
geosynthetics in ground treatment of soft clay have been progressed by incorporating the
electro-osmotic phenomena with the traditional functions of geosynthetic materials. This
entails the development of a new range of geosynthetic materials that are electrically
conductive. These electrically conductive geosynthetics can be applied in accelerating the
consolidation of soft clay. This innovative product takes advantage of effectiveness and
simplicity of Prefabricated Vertical Drains (PVD) to provide vertical drainage and
incorporating electrical conductivity along core to facilitate electric current flow into the soil,
enabling electro-osmotic (EO) ground treatment process. These special materials are referred
to as the Electro-Osmotic Vertical Drains (EVD) in this paper.
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EO is a process where flow of water between the soil particles is induced under an applied
electrical potential. EO based soil improvement is suitable for fine-grained soils (clay) which
possess a net surface negative charge. It would have equal charges of cations and anions to
maintain electrical neutrality of the clay soil (Mitchell, 1993). Under an applied electrical.
potential, cations are attracted towards the anode ‘while anions are attracted towards the
cathode. As ions move, they drag along water of hydration and the surrounding free water by
viscous force. This will induce a flow of pore water towards the cathode. Hence, this will
initiate the dewatering and strengthening of clay. '

Field applications of EVD recently at two road projects have shown promising results. The
comparative influence of EQ ground treatment approach and the conventional PVD
consolidation approach; especially with regards to increase in undrained shear strength, is the
main objective of this study.

2. BENEFITS TO THE END USER

These electro-osmotic vertical drains (EVD) will enhance the improvement of the shear
strength and hence reduce the compressibility of the soft clay. A distinct benefit to the end
user is the significantly shortened period of treatment to achieve the required shear strength.
Typical treatment periods of 3 to 4 months using PVD can now be shortened to about 1
month with the use of EVD.

Furthermore, with EVD system; the need for significant surcharge material is negated.

3. GENERAL PRINCIPLES OF APPLICATION

EVD applies the principle _of--electroéosrhosis- in combination with prefabricated vertical
drains to improve the engineering properties of soft clay and, in the process, accelerate the
consolidation and strengthening of soft clay.

Amongst the many processes occurring during EO treatment is the reduction of pore water in
the soil. This reduction in soil moisture indirectly improves the shear strength and

‘compressibility characteristic of the soil. This type of soil improvement is potentially more

effective in reducing the water content that conventional PVD which relies on hydraulic
gradient created by external loading.

In electro-osmotic ground treatment, the hydraulic conductivity or flow of water under an
electric gradient potential is a function of the coefficient of electro-osmotic permeability, ke
(m?/sV), the electric potential gradient, i (V/m), and the cross-sectional area of flow, A (m?).
The relationship is similar to Darcy’s Law and may be written as:

Qe-keic A , [1]
where Q. = discharge capacity (m*/s)
k. = electro-osmotic permeability

ie = potential gradient
A = cross sectional area
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4, Electro-Osmosis Consolidation Phenomena

As discussed above, the electro-osmotic flow produced by an applied electric field is defined
by Equation 1. During electro-osmosis, water flows from the anode and discharges at the
cathode. However if there is no water to replenish the soil at the anode negative pore
pressure, or pore suction, will develop. The magnitude of the negative pore pressures in soils
due to the application of a uniform potential field is given by the following equation.

Uy =

k(?vy w V
K
” 2]

where u, = negative pore water pressure
ke = electro-osmotic permeability
k" = hydraulic permeability
vw = density of water
V = Voltage applied

The generation of negative pore water pressures causes an increase in the effective stress, o’,
in the clay wit the change in total stress, o;

o’'=o=1 v [3]

As there is an increase in effective stress, the soil particles pack together more tightly
resulting in consolidation. For the 1-D case, the increase in effective stress is equivalent to an
equivalent surface loading which would generate the same increase in effective stress.

The magnitude of the consolidation depends on the magnitude of the pore water pressure that
can be developed at the end of the consolidation process. The rate of consolidation is
controlled by the same relationship that applies to consolidation under directly applied
(surcharge) loading. The time t for a given degree of consolidation is given by the following
relationship.

A 4]

m,y
where vV w 5]
and T, =time factor
¢y = coefficient of consolidation (vertical drainage)
m, = coefficient of volume compressibility
L. = electrode spacing
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5. Power Consumption

The efficiency of an electro-osmotic treatment can be evaluated by the power consumption.

The power consumption to treat one cubic metre of soil for an hour, P (W/m®) is a fuction of
the electrical conductivity, A (S/m), the applied electric field intensity, E (V/m), and the
current intermittent factor, o. B

P = qAE? S | 6]

6. FIELD DESIGN

Field design of EVD has to be tallored to the conditions governing each project. In some
projects, there are more time constraints whilst in others, the constraints may be on
surcharging and less on time. Power supply availability needs to be considered too.

In designing a treatment, the treatment plot shape and size needs to be considered for a
treatment program, plot by plot, to complete within a time frame. Computations on the sub-
plot would provide an idea of the charging hours and required power supply. These may then
be varied to suit the client’s schedule or suit available power units.

Typically, the following parameters are given:

2

Plot Size: ' m
Thickness of Soft Clay: m A
Electrical Resistivity of Clay: ohm.cm
Water Content: % ‘

Soil Electro-Osmotic Permeability: cm*/s.V
The variable parameters include:

Generator Capacity: _ kVA [DC]

EVD Spacing: _mx_m
Depth of EVD: m
Equivalent reduction in voids %

6.1  Voltage Setting

It is recommended from laboratory studies that the voltage gradient be in the region of
0.3V/m to 1.0V/m. Extremely low voltage gradient may unduly prolong the treatment and
excessive currents may have adverse results. Also within this range, it is recommended to
start with a lower voltage at the generator to allow for increases with progress of treatment or
with polarity reversals. ’

6.2 Soil - Electrode Contact

Voltage losses at soil electrode contact are inevitable. A reduction factor of 1.6 may be used
to account of this.
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0.3 Current Demand

One of the key factors in the design of Electro-Osmotic Consolidation is the Total Resistance
[R]. This comprises of the resistance of the soil body in tandem with the spacing grid of the
drains (electrodes) and the resistance of the electrodes in the form that they are.

The current demand must be computed to know the required generator capacity and the
charging time.

The total resistance [R] in the media comprising of a grid of m numbers of anodes and »
numbers of cathodes is computed by the sum of the resistances between each pair of
electrodes, in the manner:

1 1 1 ' 1
= + $oaes s
R Ry, R,y Rim,n

where Rin; nj) 15 the resistance between the 1™ anode
and the 3% cathode.

6.4 Treatment Time

Treatment time [charging hours] may be obtained from the governing equation:

t=Q+[kex pxIxf(ty,cy)] where,
Q = cm’
t = time (in secs)
ke = cm/s/V/em
p = ohm.cm
I = Amps [available into plot]
f(ty, cv)) ~1

Q may be approximated from PVD consolidation method.
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7. FIELD APPLICATION LOCATION NO. 1

The project site is located in Dengkil near the Kuala Lumpur International Airport (KLIA),
Malaysia. The project is part of a road project and the application of EVD is essentially to
improve the foundation soils of an approach embankment to a bridge structure, with
embankment heights of about 2.5m.

The site is underlain by soft to very soft alluvial silty clay of up to 10m thickness. Beneath
the soft silty clay lies medium dense silty sand. Some decayed wood was encountered at
various depths. Ground water table was encountered at approximately 1m below existing
ground level (EGL). The initial properties of the soil are as shown in Table 1 below:

Table 1: Initial Soil Properties

Liquid Limit (%) | Plastic Limit (%) | Plasticity Index (%) | Moisture Content (%)

154 79 75 132 -

The pre-treatment undisturbed shear strength as measured by geonor vane shear apparatus
(push-in) ranged from 8.8 kPa at 1m below EGL to 18.5 kPa at 9m below existing ground
level. Exceptionally high shear strength of 23 kPa was recorded at a depth of 7m; this was
thought to be due to presence of fibrous and decayed wood material. Figure 1 shows the
variations of undisturbed shear strength with depth.

Shear Strength (kPa)
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Figure 1; In-situ shear strength (Pre-installation)
71  Field Setup

A plot size measuring 20m x 20m was installed with EVD with a rectangular spacing of
1.5m. A total of 198 points were installed in 14 rows, as illustrated in the sketch shown in

Figure 2.

A 0.5m thick sand drainage blanket was provided to enable the discharge of ground water to
the ditches on the edges. The electrodes at the top of each EVD were connected to an electric
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power generator supplying DC current. The electric current was applied for 14 days on a 12
hour cycle with intermittent reversals in the polarity of the current.

Upon completion of the chargmg, the embankment fill was placed toa helght of 2.5m. Figure
2 shows a layout of the test plot.
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Figure 2: Layout of Charging Pattern, Instrumentation and Testing

The shear strength improvement was closely monitored on a regular basis following the
commencement of charging. This was carried out using the penetration field vane (geonor
vane) at 1m depth intervals.

7.2 . Test Results'and Discussion
The most distinct observation of the behavior of the EVD during charging was the constant
discharge of water through the cathodes. This was accompanied with gas bubbles being

discharged as well, This started to occur about.twenty minutes after commencement of
charging. It indicated that the electrodes was successfully transferring the electrical charge to
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the soft ground and the EO treatment as indicated in Section 2.3 above was observed. Figure
3 shows the setup at the site, and Figure 4 shows the discharge of water through the EVD.

There was some slight depression in the area immediately surrounding the anodes. This
indicated that consolidation of the soft soil was occurring surrounding the anode, as discussed
in Section 2 above.

Figure 4: Discharge of groun water at EVD

Figure 5 below shows the increases in undrained shear strength as measured in the vane shear
tests. As indicated .in the figure, initially there are. increases in shear strength, particularly
within the top 5m. This increase became more distinct at 72 days, which show a significant
increase in the undrained shear strength. This increase may be attributed to the electro-
osmosis treatment of the soil as well as the PVD effect of the EVD during the placement of
the embankment load. The percentage of shear strength increase exceeded 100% of the initial
values. : ST
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Figure 5: Vane Shear Tests Results
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8. FIELD APPLICATION NO. 2

An upgrade of an access road to an oil terminal in Kuching, Sarawak, Malaysia required
widening of the road from an existing road width of 8m to a new road width of 16m,
constituting a 4-lane single carriageway. This required the widening of 4m on either wide of
the existing carriageway. The proposed road structure consists of 1m high embankment fill
with approximately 0.5m thick pavement structure. The treatment area measures
approximately 560m x 4m on each side of the existing road.

The ground condition at the site consists of very soft to soft organic silty clay up to 15m
depth, The ground water table exists at near surface levels. Because of the proximity of the
site to the coastline, tidal water variations were observed. To prevent ingress of incoming
tidal waters into the site, a bund was built along the external boundaries of the treatment.

The initial site investigation program included field tests such as the vane shear tests. Based
on these tests, the undisturbed shear strength of the untreated soil ranges from 5 kPa at the
surface to 16 kPa at 9m depth. Site preparation works included placement of a 1m thick
granular fill above the soft soils. This served both as a drainage blanket as well as a working
platform.

Due to budget constraints, it was decided to improve the soft soil.up to a depth of about 6m
with EVD. The spacing of the EVD is 1.4m x 1.0m. A total of 3 rows of EVD were installed
on both sides of the road widening. Figures 6 and 7 below show the layout-of the EVD

installed at the site.

Figure 6: View of EVD installed with cables attached

The entire section was sub-divided into 8 sub-plots and the electrification period for the entire
area took 2 weeks, based on a 20 hour working day. Polarity reversals were carried out daily.

During the electrification period, discharge of ground water was observed at the cathode, as
shown in Figures 8 and 9 below.

ris sy o
Figure 8: Discharge of groundwater from Cathode Figure 9: Discharge of groundwater from cathode
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Field vane shear tests were carried out a week after completion of the electrification works
for the entire treatment area. Figure 10 below shows the results of the shear strength profile.
The resiilts show that there is a significant increase in the shear strength profile of the treated
soils. Figure 10 below shows the shear strength measurements before and after treatment.
The lines shown are computed regression lines. It is clearly evident that significant
improvement has been achieved. On the average, shear strength was increased from 9.15 kPa
to 31.1 kPa.

Figure 10: eut of shear st

9. CONCLUSION

Two field applications of the EVD have shown significant increases of shear strength within
a short period of time. The increased shear strength permits construction of higher
embankment heights as compared to conventional PVD ground treatment. This system of
ground improvement has proved effective in increasing the shear strength of the soft soils
within a short period.
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