Bt

el e




1:00

1:30

2:15

3:00

3:45

4:10

4:30

-1:30

-2:15

- 3:00

-3:45

-4:10
- 4:30

- 6:00

'SLGS ANNUAL CONFERENCE 2013

“QEOTECHNICS FOR INFRASTRUCTURE DEVELOPMENT”

PROGRAMME

Registration

" Presentation 1: “Micropile Foundatioh Systems for Railway Bridge Structures”
Eng. K. L. S. Sahabandu & Dr. J. S. M. Fowze
General Manager & Specialist Engineer (Geotech.)

Central Engineering Consultancy Bureau(CECB)

Presentation 2: “Tunnelling for Railway Infrastructure Development”
Eng. C. J. Medagoda & Dr. J. S. M. Fowze
Design Engineer & Specialist Engineer (Geotech.) -

Central Engineering Consultancy Bureau(CECB)

Presentation 3: “Applic#tion of Geosynthetics in Railway Projects”
Eng. Mike Dobie & Eng. Richard Ong
Regional Manager(Asia—Paciﬁc) & Area Mandger-Asia
T ensa;f International Lta
Discussion and Concluding Remarks
Tea Break

17" Annual General Meeting of the SLGS







Message.from the President - SLGS

On behalf of Sri Lankan Geotechnical Society I cordially welcome all the
participants to -the Annual Conference - 2013. This year Sri Lankan
Geotechnical Society has completed 27 years of service to the nation. Over the
last twenty seven years the Sri Lankan Geotechnical Society (SLGS) has
provided a forum for disseminating new knowledge in the field of
geotechnical engineering and promoting research. Numerous Conferences
and Workshops were organized and Newsletters and Journals were
published in this context. Two events; “Project Day” and “Young
Geotechnical Engineers Conference” were organized annually to promote
research culture among undergraduates and young engineers.

As one of its member societies, SLGS has published in all the International
and regional conferences organized by the International Society of Soil
Mechanics and Geotechnical Engineering (ISSMGE).

~ SLGS is planning to organize an International conference on 10t and 11th
August 2015. It is already registered with the ISSMGE and we expect active
part1c1pat10n of our membership in this event. We look forward to publish a
large number of research papers from Sri. Lankan institutions that are
involved in the field of Geotechnical Engineering. There is sufficient time now
to plan a good research paper. SLGS welcome your innovative ideas to make
this conference a success. Details of the conference are published in the
August Newsletter.

Sri Lankan engineers encounter many challenges in the field of Geotechnical -
Engineering. In numerous instances these challenges were successfully

- overcome by careful planmng with a clear understanding of the fundamentals
and execution with great dedication and commitment. However, there is a
shortage of competent professionals in the field of geotechnical engineering
and many malpractices are taking place. It is our duty to educate the public
on such events so that they can be v1g11ant and culprits are exposed.

\Tlus annual conference includes three papers under the theme “Geotechnics
for Infrastructure Development “by Eng. K L S Sahabandu, Eng. Dr. ] S M
Fowze, and Eng. C J] Medagoda from Central Engineering Consultancy
Bureau and Eng. Mike Dobie and Eng Richard Ong from Tensar International
Ltd. I sincerely believe that this will be a great opportunity for you to interact
with them and enhance your knowledge. :

Prof. Athula Kulathilaka
President ~ SLGS
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introduction

Sri Lanka’s transportation network comprises road and rail,

sea and air modes....

Rail: Sri Lanka’s rail network of
1,438 km in 1948. With recent
years this iength has been
reduced due to  various
reasons.

Railway Structures: Exceeded
the life span

At present the national railway carries
only 5% of passengers and 1% of
freight transport which is highly
inadequate.

> There is a Need for Railway Infrastructure Development

Railway Bridges Project...

Name of the Project

Employer/Purchaser

Engineer/Consultant

Contract Amount

Main Contractor / Supplier

Sub Contractors Pile Foundations

Sub Contractors Civil/Erection Works

Construction & Replacement of Railway
Bridges (SRS/F6018.1)

Sri Lanka Railways (SLR)

Central Engineering & Consultancy
Bureau (CECB)

Euro — 15,232,748.00

Waagner Biro Brueckenbau AG
2/F, Prince Alfred Tower

No. 10, Alfred House Gardens,
Colombo 03 -
Sri Lanka

PORP\-Grundbau GmbH-Austria

CML Edwards Construction

WMicropiie Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Introduction

Railway Bridge Project

New Consiruction

&

(Single Lane)

Jaeta Bridge
(Single Lane)

(Single Lane)

[

{Single Lane}

Seeduwa Bridge

Kalutara Bridge North [~

Ny
Kalutara Bridge South ' \

Railway Bridges Project

8 Railway Bridges

Kalutara Bridge South- (N)
Kalutara Bridge North ~ (N)
Rabukkana Bridge (R)
Polwatumodara Bridge (R)

Kelaniya Bridge (N)
Ja —Ela Bridge (N)
Seeduwa Bridge (N)
Pinwatta Bridge (R)

Double Lane
(7spans-2x25m+3x52m+2x25m)
Single Lane (1 span- 40m)
Single Lane(2 spans — 2x40m)
Single Lane(1 span — 33m)
Single Lane(4 spans — 4x50m)
Single Lane(4 spans — 4x50m)
Single Lane(1 span —40m)
Single Lane(3 span.— 33m)

Micropite Foundation Systems for Railway Bridge Structures

by KLSS & JSMF

2013-09-30




SLGS Annual Conference-2013 ’ - 2013-09-30

Railway Bridges Project

Subsurface Conditions at Bridge Sites

WEAK SOILS
Peat, soft organic clay or loose or very loose sand.

1i/1i N>10 COMPLETELY TO MODERATELY WEATHERED ROCK

v CR&RQD . SLIGHTLY WEATHERED / FRESH ROCK

Subsurface Conditions at Bridge Sites .

At Kelaniya River (Typical)
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R
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Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF ' 4
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demanded Deep Foundation systems!

Conditions at Kelaniya, Kalutara, Ja-Ela and Seeduwa were

Deep Bridge Foundations

Considerations:
> Working Environment

To be constructed close to
existing bridge structures

A\

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Deep Bridge Foundations
Options and Trade-off:

Bored and Cast Insitu??? Driven???

Heavy, Noise and Vibfation!!l

Light, Low Noise & Vibration: OPTED

Deep Bridge Foundations
Options and Trade-off:

Ductile iron Pipe Piles???

Raked piles

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Deep Bridge Foundations
Options and Trade-off:

Ductile iron Pipe Piles???

St eted Sohad bt

N N Tension???
RN I R Drivability???
st e —— D S Borehole stability???
i ’Mw Raking 72?
e r Buckling???
|

-Sirse

e 8 Bt i,
- s 0’ o "3
?*1:19"&?’-&- SR T

Culaway oplions for grout injertion pites

Deep Bridge Foundations
Options and Trade-off:
Deep Cement Mixing Piles (DCM Piles) with Jet Grouting???

Uncertainty in peaty soils

Micropiie Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Deep Bridge Foundations
Options and Trade-off:
Micropiies??7?

*  Small-diameter (typically less than 300 mm (12in.)), drilled and
grouted non-displacement pile that is typically reinforced.

B

%

Deep Bridge Foundations
Options and Trade-off:

Micropiles???
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ie Foundation Systems for Railway Bridge Structures

by KLSS & JSME

2013-09-30
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Deep Bridge Foundations

Options and Trade-off:

- flicropiles?77

¥

\4

A7

A\

%

Appropriaté for any type of ground condition (e.g.karstic areas,

uncontrolled fills, boulders, rock etc.)

Can penetrate most obstacles

- Low noise and vibration

Drilling machines required for installation are generally lighter in weight
Can be installed in low headroom situations and in remote areas

Can be used in places where pile drivihg would result in soil liquefaction

" Can be used in places where required support system needs to be in

close pile proximity o existing structures

' Deep Bridge Foundation Systems

Ultimately, the Micropile Foundation System was selected
as appropriate foundation solution

" Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Load Can’ymg Capacity of Micropiles

Subsurface condition in general and Concrens

Not load bearing
s Dependent on the location it consists of peat,
soft organic clay or loose or very loose sand /

silt.

Pile Vulnerable to Buckling
if N<3

i,

N>10

" Load bearing
° Completely to Moderately Weathered Rock
»Allowable shaft friction on the surface of the
grout column is assumed to be
7=90 kPa

CR&
RQD

Slightly Weathered / Fresh Rock

=300 kPa and
Allowable Base Resistance 3 MPa
for a minimum length of 1m within layer IV,

Load Carrying Capacity of Micropiles

Micropile Foundation Systerhs with

Steel Tubes

Abutments and Piers

SINGLE TUBE

External diameter

Tube thickness :10mm/12.5 mm
: N80 (yield strength: ,,=560 N/mm?)

Steel quality

: 114.3 mm(4.5") or 127 mm(5")

Abutments and Land Piers with Weak subsoil conditions

DOUBLE TUBE TC AVOID BUCKLING

Ste

el quality

10 mm

S 355(St 52) ~ (yield strength: £, =355 N/mm?)

External diameter of inner tube : 114.3 mm(4.5”)
Tube thickness

10 mm

External diameter of outer tube : 219.1 mm (only in top weak soil layers)
Tube thickness
Steel quality

© N8O (yield strength: f,= 560 N/mm?)

Micropile Foundation Systems for Railway Bridge Structures

by KLSS & JSMF

2013-09-3C
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i oad Carrying Capacity of Micropiles

- General A?rangement of Micropile Foundation Systems

. N KELANI GANGA
ot

Ll
DETAL ©
D E e L, Abutment Structure
T,
WEAK SO L g o FI% ' .
LS B e B P Quter tube 219/10 mm in weak soil layers
o v F By -
e “‘1-:" I AN Steel Quality = S275/ S 355
) ‘vvt :;i v g E
SAND 5 X 5 " Bearing Pile 114/10 mm or 127/12,5 mm
; i i Steel Quality = N80 / S 355
R&gg“"“—““-—,' ‘é—"“j— Embedded in the rock
) T 1,0-50m

Load Carrying Capacity of Micropiles

Allowable Geotechnical Capacity

— T~

Compression Tension
1.Shaft friction AS X fs all 50% of Shaft friction for
Layer ILIIE 7 ’ pile under compression
Layer IV , Layer 11, HI
Layer IV

2 End bearing  Aend X Pendat
Design Basis

Layer It & Ili - Diameter of grout column = Approx. 1.4 x Dlameter of
Borehole for Clay; for Sands Even More

Layer V- Diameter of grout column =1.0 x Diameter of Borehole

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF 11
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Load Carrying Capacity of Micropiles

-Aliowable Structural Capacity

/

&

Without regard to Buckling

Considering Buckling

Thickness 10mm
Steel qualityN80
2.Composite pile types
Type 1
Type 2
Type 3
Type 4

Pile typs: Tube dia.114.3mm
: Thickness 10mm
Steel quality N80

Design codes: DIN 18 300 part 1- Structural steel work

linear members and frames

1.Pile type: Tube dia.114.3mm /127 mm

DIN 18 800 part 2- Analysis of safety against buckling of

Load Carrying Capacity of Micropiles

PILE TYPES

219.2mm x 10mm 114.3mm x 10mm N80
219.Ammx 10mm 114.3mm x 10mm S 355(St 52)
219.1mm x 10mm 127.0mmx 12mm N80
219.1mmx 10mm | 127.0mm x 12mm S 355(5t 52)

Micropile Foundation Systems for Railway Bridge Structures

by KLSS & JSMF

2013-09-30
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i oad Carrying Capacity of Micropiles

1.Compression
Design parameters

Load(y:) =14
Material(yy ) = 1.1

Where, »

A- Area of the fube

(~50% of section Area)

Allowable structural capacity — Without regard to buckling

Partial safety factors according to DIN 18800-1

P, is the characteristic value of the axial force in the pile(working load)

2 Tension capacity= 50% of compression capacity because of threads

i oad Carrying Capacity of Micfopiles

Design Parameters

L

"

Ax <02:y=1

R

k+\/k2—;{2k
1

zk (ZK +o)

02<Ak <3.0:y=

Ak >30:y=

F=050+a(Ac—02)+4, ]

Allowable structural capacity — Where buckling may occur(SPT<3) -

A = i=‘\/z Aa=7 £ g ==
1 V4 fy,k Mg

External diameter —d1

Internal diameter — d2

Area—A

Moment of inertia — |

Radius of gyration — i

Material strength-f,,

Partial safety factor for material -y,
Effective Length - L

Slendemness ratio-A :
Reference slenderness ratio-A,,
Reduction factor according to the
standard buckling curves-

Micropile Foundation Systems for Railway Bridge Structures

by KLSS & JSMF

2013-09-30
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Load Carrying Capacity of Micropiles

Allowable structural capacity ~ Where buckiing may occur(SPT<3)

Page & DIN 18800 Part 2
N Page 10 DIN 18600 Part 2
i 2 noth i i

the criteria specitied In ttem 739 of DIN 18 800 Part 1.

ty

Latetal torsional buckting

%
Table 3. Sow impasfectiony L a
b -
. Bow 08 - N <
Type of member impertection, | \ 4
Eo Evler hyperhote
1
Solid member, of cross
section with foliowing &
buckiing curve X3
1 a 1300 . |
2 E 250 02
3 c {1200
ol S . L . 1
2 o ( f l@ ok 08 iZ IV .1.6 20 2% 28
Built-up mombars, a : . | .
p " " qure 10. Raduction factors x for fateral buckiing (huckting curves a,b, ¢ and @) and xpq for tataral torsionat buckiing.
S| it analysis as in s abtzined by eduatian {18) with # satal 0 25
.5

I Thickness of the
weak layer in m

Load Carrying Capacity of Micropiles

Allowable structural capacity — Where buckling may occur{SPT<3)

N, Axial force in perfectly plastic state

N,

. m— |
ZXNpl,d

max N, :;(pr,_d

perm N =max N,/y,

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Load Carrying Capacity of Micropiles

Verification of Load Bearing Capacity

Static Pile Ldad Testing at'Land Pier 5 of Kelaniya Bridge

Working Load 921 kN = 92t

Load Carrying ‘Capacity of Micropiles

Resulis of Pile Load Test

Load Vs Sétaement Grag

Laadflren)
o0 100 fes tecd a0

i:E) Tl

st

|

T

=1 il
H Hl

S
==

Setisment gren)
bt

p N
1,0x* 15x§ l Max.1,8x
=1.650 kN

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Design of Micropile Foundation System

Kelaniya Railway Bridge

SR T TR T YR TSI

RELARIYA BRIDCE - LONGTUDIMAL SECTION

R 8550 P

250 38SC 2500
:m, B! :G/‘

KELANIYA BRIDGE - CROSS SECTION

s

—x
KELANIYA BRIDGE - CROSS SECTION

(T8 OF Al TRAGK

28mand end spans of 28 m

AN and AS are abutments
P1, P2,P5 and P6 are land piers
P3 and P4 are river piers

vV Vv

SECTION A-A SECTIONB-B .
Design of Micropile Foundation System
Kelaniya Railway Bridge
s Pt . P2 P3 P4 s R i
> Crosses the Kelaniya River
>  Overall length - 268 m
> . Comprising three internal spans of 52 m, two internal spans of

Micropiie Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Deslian of Micropile Foundation System

Longitudinal Elevations of Kelaniya Land Pier 5
{Piar 1,2 and & similar to Pier 5)

: 3 .
: Fa ]
i 2 " L4 7 AT
: R @
: RV 2 I
) ) )
1 e 25 ”
’ H o]
) 4
4 5
:
Lo L s . 196 Lotowe s
A 4 =
= g
i
I
< i
L
. & 8
<« 2 4 ; ‘i
(i 1N

Design of Micrdpi%e Foundation System

Transverse Elevations of Pier 3 {Pier 1,2 and 6 similar to Pier 5)

{TOP OF RAIL TRACK} L
o :
7
g [ L § :
] LAND BRIDGE
H : 06‘1—53
#30
- S
= @ BOHE
< v 4,13
1%
7
savl
kil i
m ) st 1 54 A 1261 L o)
55 } %0 4
= . 3
4 . o
k] 920
s, N ) ST Lo o 1963
S ST 1 1“'8‘” R 7
5 A ‘ < . 7 i s
A . - 4 N hd o=z Avd
.- . . 4 1 g
—ly, — — PR T,
" ) A =)

Micropile Foundation Systems for Railway Bridge SftrUctureé
by KLSS & JSMF
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Design of Micropile Foundation System

Plan view of Pier 5 at Bearing Pad Level
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Design of Micropile Foundation System

Design of Kelaniya - Land Pier 5

1

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF :

\
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Design of Micropile Foundation System

3wbsﬂﬁace condition at Kéﬂamya —Land Pier

Pile data

BH-01
aw

N<3 :Considering buckling effect of pile due to
_soft soil

Type: Composite Type 3
Composite Type 4

Length: 18.5m
Allowable Load Carrying Capacity:1000kN

Ultimate Geotechnical capacity =
2 x Allowable Axlal load = 2x1000 =2000 kN

Ultimate Structural Capacity
Composite Type 3- 1700 kN
Composite Type 4- 1300 kN

Design of Micropile Foundation System ‘
Load Evaluation on Pi%g cap -

As per the specifications of BS5400: Part 2: 1978.

Load Categories: |

‘-1.’Dead + Superimposed Dead loads

2. Dead + Superimposed Dead + Live loads
3. Dead + Superimposed Dead + Live loads + Tractive forces .

Traffic loading-RU loading

Q.= 250kN  250kN  250kN  2G0kN

dvi S0KN/m l | l 1w 20QYm In Sri Lanka Qy is consider
. _ | |
TR I as 200kN

Bo limitanon Q&g 1 1,6m | 1.6m .80 Ne hrrtation
VST g T T

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF - » 7 . 19
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Design of Micropile Foundation System

i.oad distribution on individual pile (Kelani ~ Land Pier 5)

FEM-SAP 2000-3D model

Bearing

Pier

Pile Cap

‘Micro piles

)

Design of Micropile Foundation System

Load distribution on Endividuai pile (Kelaniya — Land Pier 5)

FEM-SAP 2000

£ £
£l £l
= e tlOo
| x

1.°) x cmﬂx
S| E|E|l=|%R| &l E
=le|ei8lolain
mxxwxxx
lE|E|E|E|E| €| E
M EARI BRI
H|lN|IN|HlO| A0
aQ
©
(8]

o 1]
a 2 &
Cr.“t
22 |81 8] 2
al o |alm| o

'

Raal

Micropile Founda
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Design of Micropile Foundation Systerﬁ

Load distribution on individual pile
FEM-SAP 2000

SGEEFSprEng Constants

Making use of the correlation by Toshida and Yoshinaka (1972),

Modulus of elasticity of Soil, E; = 650N kPa

According to Vesic (1961a, 1961b)
Modulus of sub grade reaction, ks

. E,

k==
(T
Soil spring constant, K

By End Area Rule, K .

K‘I

_bAL(Zk  +k )

_ bALQ2k,, +k, )

Where, b is the width of the projected
. area of pile, b= 0.4 m

Poisson’s ratio, v=0.3

where, (b.AL) is the area of bearing of

the element

Design of Micropiie'Foundation System

Load distribution on individual pile -
FEM-SAP 2000-Spring Constants

Dept!
Efe.#] DL |Nodej h |SPT| Es, | ks, K K K=K+K'
. m | N_|[ kPa|kN/md i
1 1 1 |00} 3 {1950% 1500 667 667
2 1 2 {101 2 {1300]1000 | 583 | 571 1185
3 1 3 |20} 2 1300]1429 | 643 | 476 1118
4 1 4 130} 0 Q a 238) 0 238
5 1 5 140 0 0 Q 1] )] []
8 1 6 {50) O g 0 0 | 714 714
7 1 7_160} 8 [3900{4286 {1429{2738 4167
8 1 8 [ 7.0 11 {7150] 7857 {3333] 4524 7857
9 1 9 |80/ 16_110400/11429/5119| 5714 10833
10 1 10 (9.0 16 [10400/11429{5714]5714] 11429
11 1 11 110.0} 16 [10400{1142915714) 8571 14286
. 1142
121 1 12 |11.0] 40 2600028571} 9 [14286] 25714
1428
13 1 13 112.0{ 40 260001285711 6 |12976] 27262
1166
14 1 14.113.0] 29 18850[20714] 7 [10357) 22024
1035
15 i} 15.{14.01 29 118850120714 7 |10357| 20714
1035
16 1 18 115.0} 29 [18850{20714] 7 [12857] 23214
R 1535
711 17 [16.0] 50 [32500{35714{ 7 117857| 33214
1785
18 1 1 118 147.0) S0 [32500435714| 7 [17857] 35714
. 178§ -
19 i 18 [18.0] 50 132500i35714] 7 17857 35714
) 1785
i 20 119.0] 80 [32500{35714} 7 [11905( 29762

by KLSS & JSMF

A

Micropile Foundation Systems for Railway Bridge Structures -

2013-09-30
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FEM-SAP 2000-Deformed shape

Léad distribution on individual pile

Design of Micropile Foundation System

0.020168)  0.014906
C.01889

0.020196f
0.620192]

0.020165{ _0.014118]
0.020165{ __ 0.014515!
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0.01248

| oo

-0.01343]

157 0020934 0014073 0.00965)

160 0020935
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165 0020975] 0019332 -0.00775
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173 oowsel oonasns] - go1zed by 0.020932)
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:

o0
pye
-

&
2
2

[ ool
0.014172] -
0.014075| -

0.014473|
0.014874)

Load distribution on individual pile
FEM-SAP 2000-Axial force of Micropiles

Design of Micropile Foundation System

. Caco [Fra Cambiibon <

E g
i leme AR PandT) i iHewMinEny ~]

Touson

00145 KN
2115045 m
QBB KN,

A1.35445m
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crbpi!e Foundation Systems for Railway Bridge Structures

KLSS & JSMF

2013-09-30
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Designy of Micropile Foundation System

Load distribution on individual pile

Joint 3.
FERM-SAP 2000-Axial force Text KN

61 646.941
s 62 664.681
'"H’“ 63 657.355
~f# 54 631.805
. 65 621.107)
- - 66 638.457)
Tk :L:F 67 629.927
e 68 605.024
85 691.386
86 709.234
L - L s 87 701.918
\n?f.fﬁi ! ‘11 - . P - T 88 676.207
; Sgof : : 89 521.731
: ; %0 539,118
51 630.611
Faa sy 95 605.622)
& N 434 533474
435 542.747
436 551.805

556.904]

438 546.989)
439 536.465]
454 560.488
455 569.814]
456 578.898]
457 584.016
458 574.041
459 563.422]
460 512.509
461 515.444;
462 488.079)
463 491.029)
50519 645.11}
50538 673.965)
50557 669.527,
50576 703.113)
50595 747.887
50614 §.  781.574
50633 708.538]
50652 679.634;

: Desigh of Micropile Foundaﬁon System

Load distribution on individual pile
FEM-SAP 2000-Bending moment{M3)

o dtems {Mojos (V2 and b3}

i

" Endiir.stear
=G oorcea

m
Q5445 m)

0,537 KN
14545 m

Unds {KN.m € v}

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Desugn of M|croplle Foundatlon System

v'Load dlstrlbutlon on mdlwdual pile -
’ FEM-SAP 2000- Bendmg moment(Mz)

na,,m( £ rume Ohject 162 (pile 12fmm)

Caeo F-debnam

laome” MMI\BEMM lMauMnEm ']

. Design of Micropile FoLmdatiOn System
" Load distribution on Pile cap |
* FEM-Sap 2000-Bending moment(M11)

Mlcroplle Foundatton Systems for Rallway Bndge Structures , |

by KLSS & JSMF

- 2013-09-30

25




* SLGS Annual Conference-2013-

Desngn of Mlcroplle Foundatlon System

Load dlstrlbutlon on Pile cap
FEM-Sap 2000 Bendmg moment(M22)

Desngn of Mlcroplle Foundatlon System N
Kelamya Land Pier 2 GA

;-f_cnoss--.sscnow 14
'QUERSCHNITT 11 -

* enternal tubs: -
D oe2191 moyx 10 mm -

MICI’Oplle Foundatlon Systems for Rallway Brldge Structures »
by KLSS & JSMF

2013-09-30
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Design of Micropile Foundation System
Kelaniya Land Pier 2 GA

: PITARYIEVY | FI.2d

CKELANIGANGA
B I

. Design of Micropile Foundation 'S_ys‘te'm_ ,

Kelaniya Land Pier 2 GA

. !{.j', i §z>
g 7

Micropile Foundation Systems for Railway Bridge Structures

by KLSS & JSMF

2013-09-30 -
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. Desugn of MICI‘OpI|e Foundation System
Kelamya Land Pler 2 GA

 Design of Micropile Foundation System
~ Kelaniya Land Pier 2 GA

Mlcroplle Foundatlon Systems for Rallway Brldge Structures
by KLSS & JSMF

2013-09-30
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Desugn of Mlcroplle Foundatlon System

Kelam River Pier 3 (Pier 4 is similar to Pler 3)

Se N T ‘ e emes s
i L NEGOMSO. - . R R i

De3|gn of Mlcroplle Foundatton System ' - v' ‘

Kelanl Rlver Pler 3 (Pier4 |s sim lar to Pler 3)

Mncroplle Foundatlon Systems for Rallway Bndge Structures
by KLSS & JSMF

2013-09-30
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De3|gn of Mlcroplle Foundatlon System
Kelamya Rlver Pier 3 R/F Details (Pler 4 is similar to Pier 3)

Desngn of Mlcroplle Foundatlon System

N

Plan View

Kelamya Rlver Pler 4 (Pler 3 is snmllar to Pler 4) (River Pier KELANIYA)

* Cross Section (River Pier Kelaniya) | -

. with soil profile

Mlcroplle Foundatlon Systems for: Rallway Bndge Structures

by KLSS & JSMF

2013-09-30
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I Des:gn of Mlcroplle Foundatlon System

| Kelamya River Pler 3RF Detalls

GROUND VIEW 44

i

.GRUNDRISS 44«

. Micropile Head Details (Typical)

| Design of Micropile Foundation System -

eASE (@R L o

" ExrennaL TusEs - {9280 ek Ao,
Ty e ssesR
PRECAPS (925

B T 1N

T X
v_f'ﬂ’eﬁwmmmmr
- bsnde. danar= 165 i

o

Mlcropale Foundatlon Systems for Rallway Bndge Structures

by KLSS & JSMF




Construction of Micropile Foundation System

Construction Procedure

A - Drilling the external tube
219.0mm @

up to the required depth (very soft
and organic strata) when needed.

B - Drilling the casing 168.0mm @ up
to the required depth (into the slightly
weathered / fresh rock).

PILE FOUNDATION WITH MI{CRO STEEL PILES
A B c D E

Drtlng Rod L o s rentmgwn | © - Filling the open borehole with
, { cememimorar 1 cement mortar,
i :

. I D- Installation of the bearing pile
114.0mm 2.

i T ! E - Removing the casing 168.0 mm
[ . @ and refill the bore hole with cement
vimen ¢ mortar when needed.
!! 168mm :
. Hamuer i
“/ Breltng Bi -8

Construction of Micropile Foundation System-

e

installation final pile

Double headed drilling

T

oundation Systems for Railway Bridge Structures

2013-09-30
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Drill pits

Construction of Micropile Foundation System

ON LAND OPERATION

Pile Drilling along Land
Piers and Abutments

Drifling rods

Drilling machine

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF . -

2013-09-30
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w

‘Construction of Micropile Foundation System

ON LAND OPERATION

+7780 (TOP OF RRLTRACK)

Construction of Micropile Foundation System

RIVER OPERATION
PLACING OF CONCRETE CYLINDERS

Micropile Foundation Systems for Raslway Bridge Structures
by KLSS & JSMF

2013-09-30
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a C:ohst‘”ructib'ri 'ot Micropile Foundation System

RIVER OPERATION

. PLACING OF CONCRETE CYLINDERS & SINKING TO THE REQUIRED DEPTH BY
SAND PUMP: ‘

;f'__:_Constructlon of Mlcroplle Foundatlon System L : _

. RIVER OPERATION

) - ARRANGEMENT OF CONCRETE CYLINDERS WITH PONTOON / PLATFORM

opLANvEW

Mlcroplle Foundatlon Systems for Rallway Brldge Structures

l by KLSS & JSMF

©2013-09-30
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RIVER OPERATlON

ARG ES .,_,:g, . fzr»hw ?!zs

- @z w‘Mm &-4—5

Constructlon of Mlcroplle Foundatlon System

R/F CAGE FOR PILE CAP - PLAN VIEW

cw ;pa b\«a /’LMJ

R

_’ _RIVER OPERATION

thstrUctio'n'}of'M'ic':r'b_p’_ile_Foundé_t_ion System

’ ARRANGEMENT OF CONCRETE CYLINDERS WlTH PONTOON / PLATFORM

Mlcroplle Foundatlon Systems for Rallway Brldge Structures

by KLSS & JSMF

' 2013-09-30
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Construction of Micropile Foundation System

RIVER CPERATION

Wit o

g

ot S
nde W A 3o
e %

2o

-

Foundation Sysiems for Railway Bridge Structures
& JSMF

2013-09-30
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RIVER OPERATION

View of New Kelaniya Railway Bridge

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-09-30
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Concluding Remarks

’i’h-e Government of Sri Lanka undertook to replace and newly
construct railway bridges in way of reinstating and developing the
country's railway infrastructure

< The Program included 8 Railway Bridges of which 5 of them
were new ones at Kalutara North ‘& South, Kelaniya, Ja-Ela, and
Seeduwa ‘

- Subsurface conditions at the bridge sites demanded deep
fotindation systems :

- Given a wide range of options for piled foundation systems,
Micropile foundation systems were adopted giving due regard to
site conditions and constructability issues.

s The Micropiling foundation systems were successfully
implemented to put up the country’s new set of major Railway
Bridge structures after the colonial era.

Micropile Foundation Systems for Railway Bridge Structures
by KLSS & JSMF

2013-08-30
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Tunnelling for Railway Infrastructure 'Dé\ZeIOpment

_Eng. C.J. Medagoda and Dr. J.S.M. Fowze

Design, Research and Development Section -

»Central Engiheeri’ng Consultancy Bureau (CECB)

Contents

* introduction _

« Tunnelling and Tunnelling Methods
- TBM '

* NATM

* DTL3 of Singapore .

* ATypical Case of NATM

* Concluding Remarks’

Tunnelling for Railway Infrastructure Development
by CJIM&ISMF

v

2013-09-30

24y
/

40



SLGS Annual Conference

Introduction

e e

Tunnels and Tunﬁelling Methaods

- Atits most basic, a tunnel is a tube hollowed through soit or stone. Or
a tunnel is a man made horizontal passageway located underground.

.+ The opening of the tunnel is
a portal.

+  The "roof" of the tunnel, or the .
top half of the tube, is the crown.

« The bottom half is the invert.

+ The basic Qeometry' of the
tunnel is a continuous arch.

“Tunnelling for Railway Infrastructure Development |
by CIM&ISMF o

2013-09-30
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Soft Ground

Tunnels through clay, silt, sand, gravel or mud. In
this type of tunnel, stand-up time -- how long the
ground will safely stand by itself at the point of
excavation -- is of paramount importance. Because
stand-up time is generally short when tunneling
through soft ground, cave-ins are a constant threat.
To prevent this from happening, engineers use a
special piece of equipment called a shield. A shield
is an iron or steel cylinder literally pushed into the
- soft soil. It carves a -perfectly round hole and

"remove debris and install a permanent lining made
of cast iron or precast concrete. When the workers
complete a section, jacks push the shield forward
and they repeat the process. )

supports the surrounding earth while workers -

Tunnels and Tunnelling Methaods

Hard Ground

Tunnels through gneiss, shale, sandstone efc.
Involves blasting, mechanical drilling & cutting or
TBM. The process of digging a tunnel in rock/hard
ground, however, is not simply a case of deciding
where the tunnel is to go and- then biasting one's
way through. Rock is a very treacherous medium

- through which to travel. Even "solid" rock often

contains - innumerable cracks, faults, folds, and
discontinuities, the activation of any of which may
become a trigger to a collapse of the tunnel. The
design and construction of a- tunnel must account
for the mechanical properties of the surrounding
rock, which includes not only the aforementioned
cracks and discontinuities, but also the weathering
and deterioration of the rock, the number and type
of layers in the rock, strike and dip of these layers,
underground water level, overburden, etc.

. Classical methods
. Mechanical drilling/cutting
. Cut-and-cover

- Drill and blast

o S :
+  Shields and tunnel boring machines (TBMs)$8

New Austrian Tunnellinlg Method (NATM)

- Tunnels and Tunnelling Methods

Tunnelling for Railway Infrastructure Development

by CIM&ISMF

2013-09-30
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A tunnel boring machine that was used af

Brunel Tunne! Shield Yucca Mountain Nevada United States

TBM

Classification of Tunnel
Excavation Machines

Main Beam TBM
Reaming Machine

Open Face
Shields

Closed Face TBM

Tunnelling for Railway Infrastructure Development o
by CIM&JSMF ‘ - 43
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TBM | S
_ Soft Ground Shield Tunnel Boring Machines
Earth Pressure Balance Machine

A KA SRR A

ARs i

I A L

1
(
!
SRS 3 0 N TR R o :
;

S Tunnelling for Railway Infrastructure Development ‘ : e :
by CJM&ISMF : ' ~ ’ . 44
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TBM

Soft Ground Shield Tunnel Boring Machines
Slurry Machine

COT e

b

LHAANN

JLTF LR CLOLL P ELEIATLE G ELRLRITL ST
or 2

S

AR ET UL LT RO AT LLRRT (T LT

- TBM
Soft Ground Shleld Tunnel Boring Machmes
Segmental Lmlng

Tunnelling for Railway Infrastructure Development
by CIM&ISMF
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New Austrian Tunnelling Method (NATM)

First ldea of NATM

« Salzburg Rabcewicz in 1948 patented a tunnelling method, which was
based on a double concrete shell approach. Inner Imlng should be
~ installed when deformatlons ceased L

* Quick! mstalled primary lining should
avoid disintegration and thus development -
of dead loads on lining

T

. Waterproof ing between primary and
secondary lining possible .

2

+ Design of inner lining based on
measuring results

S

NATM

DeVelopment»of Shotcrete and _Bolting'

« Although known and occasionally used, the systematlc
application of shotcrete and rock bolts started in the
nineteen fi ﬁles

« Shotcrete helped prevent disintegration of the ground, which
was a proplem with traditional supports.

- Rock bolts originally were used to fix single blocks, but soon ™
systematic bolting was applied to reinforce the rock mass
.surroundmg the tunnel.

by CIM&JSMF

Tunnelling for RailWaylnfrastruc{ure Development o o

2013-09-30
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NATM
Basic Principles of NATM

- The basic idea of the method always was that the ground, when properly '
treated can be used as part of the tunnel support. Precondition for this is the
knowledge of the ground characteristics and its behavior during and after.
excavation.

+ Prevent disintegration of the rock mass, thus keeping its strength

»  Use rock mass as far as possible to take additional stresses resuiting from
excavation -

»  This implies that deformations should not be completely stopped by
the support right after installation :

> But deformation should be kept below critical level, where
disintegration (floosening) of the rock mass occurs

NATM

Basic Principles of NATM...

+ Monitor the behavior of the system to ,observe stabilization process and allow
fo_r adjustments

Tunnelling for Railway Infrastructure Development
by CJM&ISMF ' ;

2013-09-30

o

ot

M

[

amad



SLGS Annual Conference

NATM

Concept of Ground Reaction Curve

& - ’

g suppart system yiald

1

2 T

=

5 -/ :

o E

5 :

L7 ; -
I N — '

Inward racial displacement t;  eevemge

NATM
Further developments

+  The approach was technically and economically so successful that the
interest of the owners rapidly increased. The reduction in support
quantities, as well as the ‘increased progress, and - reduced
requirement for repairs led o a cost reduction of up to 50%

« In a lecture at the Geomechanics Colloquy 1962 in Salzburg
Rabcewicz gave the method the name ,New Austian Tunnelling
Method" ' : :

« A number of tunnels with shallow overburden were succeséfully
" completed in Austria and Germany in the early 1960ies.

o The suf'.:cess of the method soon raised the interest of owners,
designers and construction companies around the world.

Tunnelling for Railway Infrastruc’ﬁure Development )
by CIM&ISMF

2013-09-30
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NATM

Examples of Recent Projects

Wienerwald tunnel, Austria; sidewall

Inntal tunnel, bifurcation tene 9 >
galleries in built up area with shallow cover

cavern A= 320 m2

DTL3 Siﬁgapqre'

Downtown Line in Singapore

Tunnellin’g‘ for Railway Infrastructure DeVeIopmént ) N
by CIM&ISMF : '

2013-09-30
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DTL3 Smgapore
Boreholes and Soil Profile (Bencoolen St. — Sungei Rd St.)
7 ==y
F = B
BB %
e g5
.a" ; =
T =
3 I
I 1
= A ;b',/‘ 4
Sayaetaneeeee Kallang
5 = Formation
E Old Alluvium

DTL3 Singapore

Boreholes and Soﬂ Profi Ie

Kallang
Formation

TunneIImg for Railway Infrastructure Development
by CIM&ISMF

2013-09-30
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DTL3 Singapore

" Geotechnical Parameters

e B R R = | s | e® o
Al Rest Eath . . .
Pressune K a5 10 10 a7 a7 i ¥g 87 142
Cosfficiant
-_Eu_ LY 400 400ca 200 £00c,=60+ 182150 | <60 300
“foung's Modulus MPa
E 3 E/12 200 50+ 1525150 M<E0 | Eo12
Parmeablity Ko | ms | w° wt | e ] wt 1wt w o o o 1
PTL3 Singapore
Bored Tunnel Segmental Lining Design
Geometric Design  Design Check for . Design Check Design Check.
of Lining Segment for Ring for Radial Joint
Ring Diameter. Demoulding Floatation Birdsmouthing
Ring Length Stacking Lining Design Joint Checking
Ring Taper _ Lifting/Erection Crack Width
- : - Jacking , Deflection
o : ' Spear Bolt Design

Tunnelling for Railway Infrastructure Development

by CIM&JSMF o

2013-09-30
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- PTL3 Singapore

Geometric Design: Structural Gauge

e G.oe

LTA STANbARD ~ LTASTANDARD
. STRIGHT TRACK (SINGLE) BORED TUNNEL CANTED TRACK (SINGLE)
. RADIUS 300m
DTL3 Singapore | |
Geometric Design: RC Segmental General

Arrangement

Tunnelling for Railway Infrastructure Development
by CJM&ISMF | ‘

A 7 /7 4 Taper
Positiom, &%,/ /// /Pasition
\-.%é\ .{; G 7 .
N _ :
N it
[
Typical Section of Left Hand Tapered Ring Typical Section of Right Hand Tapered Ring

2013-09-30
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DTL3 Singapore |

- Geometric Design: Tapered Rings

Tapered Ring

Straight . Left Hand Curve  Right Hand Curve

DTL3 Singapore
Design Check for Segments -

Demoulding Stacking ' Segment Erection

Jacking

'Tunnellingfori Railway Infrastfutture Development
by CIM&ISMF -

2013-09-30
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DTL3 Singapore

Design Check for Ring: Design Sections

N
”
bs)

- 1.t Bencoolen St. qLBnﬂ
)

'DTL3 Singapore

Desig_n Check for Ring: Floatation

UpliftU= v xD* - W
4

where 7, = spacific waight of waler
W = self waight of wnnel
(Seo Clause 7.5.4.9 below) |
D = outsids diameter of turnst

Restraining Force R= YD (hw+ D - 2D )

s - . 2.8 .

. : + pDH-) + 2SH+D)
L . 2

where v = submerged weight of soil
# = bulk weight of sof
S« average shear resistance along a-a*
w ¢, for cohesive soils
= YKo y(H + 0/2) tan ¢ for cohesionlass solls

Tunnelling fdr Railway~|nfrastructuré Development

by CJIM&JSMF

2013-09-30
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DTL3 Singapore
Design Check for Ring: Lining Design
Loadings .

+  Overburden (i.e. effectlve stress) . :

»  Groundwater pressure (based case where GWT is taken at GL and
" another case where GWL.is taken at 3m below GL)

= Surcharge (75kPa as specified in the LTA CDC)

Additional Distortion

It is part of the design requirement to consider the effect on the lining due to
an additional distortion of +/-15mm on diameter. From this additional
distortion, an additional bending moment will be induced to the lining. This
bending moment can be estimated using an equation relating the bending _
moment to a radial deformation (Morgan, 1961).

DTL3 Singapore |
‘Design Check for Ring: Lining Design

Load uLs SLS (crack width} SLS {defl}
Combinations 3[a]5 |67 691 |1n]|
loadlactor: L41.6 | v | v [ ¥ | ¥ | ¥
" | Load factor: 1.0 |l el sl vl
75kNim? surcharge v v v v v v |v ¥
GWT atGL v |« v

GWT @ 2m below iV v l7s] v v
GL R
Full section iyl || v v ||~
moment of inertia |
Reduced section e ¥ v | v | v
moment of inertia ’

Shortterm conceate | ' | ¥ | ¥ | 7 |l |
Young's modulus

Long term concreta | * v v v |
Young's modulus
Additional distortion v v
of 15mm on dia. ’

Tunnelling for Rallway Infrastructure Development
by CIM&ISMF -

-2013-09-30
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DTL3 Smgapere.

Design Check for Ring: Lining Design,
Continuum Model

What is a Continuum Model?

. A Continuum Model is...
A set of simple equations, that give us forces & moments in a tunnel lining.

»  Why are Forces & Moments Important?
The forces & moments given from Continuum Models form the basic deS|gn
case for soft-ground tunnel design.

+  Why are Continuum Models important... :
Unlike structural equations, which just consider the structural lining behavior,
i Contlnuum Equations considers the ground-soﬂ interaction.

n'n.s Singapqra

Design Check for Ring: meg Desngn
~ Basic Continuum Model Solutions

Calculate vertical &
horizontal pressures

by considered a block of soil
at the tunnel axis. What is
the soil pressure & water
pressure acting on this block
of soil?

Tunnelling for Railway Infrastructure Development v _— . _
by CIM&JSMF S : ‘ . 56
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DTL3 Singapore

Design Check for Ring: Lining Design,
Basic Continuum Model Solutions

VYYYYYYYYYYYVYVVYVVYY

3] s N
—>1 / Or N
t—3] 2

> | l_ ~ ¥
3 : oy A\ or
—> ' \ M
] ~ e

N -

3 .
> Make several Assumptions

then can calculate the forces
acting on the tunnel lining.

DTL3 Singapore

Design Check for Ring: Lining Design;
Basic Continuum Model Solutions
/—\:\\ Radial St | |
, adial Stress
PPN 2

Ly ¥

o o0 Tangential Stress

Tunnelling for Railway Infrastructure Development
by CIM&ISMF

2013-09-30
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DTL3 Singapore

Design Check for Ring: Lining Design,
Basic Continuum Model Solutions

- —

/ - N ‘ Average Hoop Thrust
r v ‘
| ‘ 1
\
N N
~

Variable Hoop Thrust |

Nmax Nav + NVar (at Axis where cos 2w = 1)

Nmin = ‘.Nav - N

var (@t Crown where cos 2e =-1)

DTL3 Smgamre

De3|gn Check for Ring: meg DeS|gn
Basic Continuum Model Solutions -

P Bending Moment

" .

max — Mvar )
(at Axxs or Crown where cos 2w = 1 or -1)

Tunnelling for Railway lnfraStructure Development
by CIM&JSMF '

2013-09-30
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DTL3 Singapore
Design Check for Ring: Lining Design,
Continuum Analyses

/ N Radial Displacement

\ .
\ b . .
N o :
‘ j Umax = uvar
N (at Axis or Crown where cos 2w = 1 or -1)

BTL:% Singapere

Design Check for Ring: Lining De31gn
Continuum Analyses

Why use Continuum Equations?

~+  Very Quick, Very Easy to Use.

. Internationally Recognized throughout the Soft GroundTunnel
Industry. :

«  Excellent checking tool for others work and numerical models

Tunnelling for Railway Infrastructure Develdpr_nent
by CIM&JSMF- ‘ ‘ ’

- Provides Conservative Values for Forces & Bendjng Mdments.

2013-09-30,
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DTL3 Singapore

(if S< )l

Design Check for Ring: Lining Design,
Continuum Analyses (Muir-Wood Curtis_1976)

E.— 32 Gpa (short term)

S, — Normal stress
S, — Shear stress
Q, -Stiffness factor
Ny - Hoop thrust due
to uniform pressure
Uy — Max. displacement due
to distortional pressure
U,,— Radial displacement
due to water pressure
U, - Radial displacement due
to uniform pressure
T, — Radius of excavation
(3.175m)
1, — Radius of lining centroid
(3.0375m) '

16 Gpa (long term)
Lining area — 0.275 m2/m

DTL3 Singapore

Continuum Analyses

oo KTADUBCHTIR ..
LR g_usmmw_msnn lm_umg!um

Design Check for Ring: Lining Design,

e 3

L Tt

Tunnelling for Railway Infrastructure Development
by CJM&ISMF :

2013-09-30
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DTL3 Singapore

i

]

‘Radial and Circumferential Joint

o

>

4

2y
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%
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iyl
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4 THK PACKING WATERI,
g g A,

|
p
ol AL
CROUMFERENTIAL JONT RADIAL JONT -

2013-09-30

DTL3 Singapare

Tunnelling for Railway Infrastructure Developmerﬁ
by CJIM&ISMF ’

Radial and Circumferential Joint: Spear Bolt
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A TypieaE Case of NATM

Site Investigations & Design Sections (Bambarenda Tunnel)

GudAMUUENE Y NR

APPAITUPER LIS

' A Typical Case of NATM |
‘Site Investigations & Design Section (Nakettiya Tunnel) -

Grouting .
at crown. Open cut at upperarg _Groutingat crq

un =

Tunnelling for Railway Infrastructuré Development - .
by CIM&ISMF .

2013-09-30
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A Typical Case of NATM
Primary Support Design...

100 m

N
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‘A Typical Case of NATM
| Primary Support_ Design..."

Vei'tical Displacements

Tunnelling for Railway Ihfrastructure Development
by CIM&ISMF
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A Typical Case of NATM
Primary Support Design...

Horizontal Divsplacements

A T;mieaﬁ Case qf NA'!M

Bendin Mdrhent

“Tunnelling for Railway Infrastructure Developméht‘

by CIM&JSMF.

Prlmary Support DeS|gn... .
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A Typical Case of NATM
' ' ‘ Primary Support Design...

Axial Force

A Typical Case of NATM
| | Primary Support Desig

Shear Force

Tunnelling for Railway Infrastructure Development
by CIM&ISMF
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A Typical Case of NATM
Primary Support Design...

Tie Back Anchor Force

A Typical Case of NATM
| Primary Support Design....

. Summary of the FEM analyses 77 S

Tunnell‘ing for Railway Infrastructure Development.
by CJIM&JSMF

2013-09-30

66



SLGS Annual Conference

Primary Support Design...
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A Typical Case of NATM
' Advanced Supports

. . Perforated steel grouting pipes
Advanced pipe roofing CHS42.4x3.2
CHS88.9x5 T

T

* Typical Section of Advanced Support - Longitudinal Layout of Support

Tunnéllving for Railway infrastructure Development
by CJM&ISMF -

2013-09-30

A Typical Case of NATM

67



© 5LGS Annual Conference : 7 2013-09-30

A Typical Case of NATM

Permanent Support Desi"g‘n

E
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A Typu;ai Case of NATM

Permanent Support Design
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" A Typical Case of NATM

Permanent Support Design

A Typical Case of NATM

Permanent Support Design

- Tunnelling for Railway Infrastructure Development
by CIM&ISMF
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A Typical Case of NATM

Permanent Support Design

A Typical Case of NATM
’ ) Permanent Support Design
% {“‘53.‘ egﬂ R %;‘% 5 4'«5;_4:;4 < ég o

Tunnelling for Railway Infrastructure Development
by CJM&ISMF
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A Typncai Case of NATM

Permanent Support Design

Section of Reinfercement cancrete Lining
1:100

A Typleai Case of NATM :
med Tunnel Cross Sectlon
Advanced I o w: = j  :
Support - 7 ; S
" Primary Aig/. . o )
Support \ & o
Deformation p 7 ' b
. Allowance L5 J— i er
100mm o i§ X ik
50mm at invert —— ¥ & 3 i ;;'.«—- A
o . i\ = h‘m: 2 !: S
Permanent / b E it
Support ® .

' Tunhelling for Railway Infrastructure Devélopmen‘t :
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A Typical Case of NATM

Construction Sequence

1
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A Typical Case of NATM

Construction Sequence _
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A Typical Case of NATM

Construction Sequence

A Typical Case of NATM

Construction Sequence

Tupnel centerline

TInner rail top surfoce ‘

Tunnelling for Railway Infrastructure Development -
by CIM&JSMF

2013-09-30
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-~ A Typical Case of NATM

Construction Sequence

Tunnel centerline

Inner rail tap surfode “.

A Typical Case of NATM

Tunnel_Waferprooﬁng

Tunnelling for Railway Infrastructure Development o
by CJIM&ISMF ’
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A Typical Case of NATM

Tunnel Monitoring
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- Concluding Remarks

« In land scarce, highly urbanized areas generally
- tunnelling is resorted as a means for
infrastructure development. ‘ R

« In the context of - railway infrastructure
development, grade requirements might lead to
the adoption of tunnelling in mountainous terrains.

« A wide range of tunnelling methods although
" available, the choice of the tunnelling method and
accordingly the tunnel design and construction
depends on ground conditions, tunnel
‘size/geometry, length, project duration etc.

f

Thank You

Y

‘Tunnelling for Railway Infrastructure Development - _ c
by CIM&JSMF : : _ o 76
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OUTLINE:.
Introductnon : :
RN Cellular Fouridation Mattress for Rallway Embankmen
e Background on cellular foundatlon mattress -
v Case study of Senkvice embankment in Slova
Reinforced Soit Structure for Ranlway Pro_lects :
T Background on reinforced soil structure
'« Case study of KKRP slope repair in Malaysta .
Mechamcal Stablllsatlon for Rallway Projects
. Background n ballast & sub-ballast stabilisation

Annual Conference of Srl Lanka
Geotechmcal Socnety

Apphcatvon of Geosynthet!cs in Raxlway Pro;ects

Prasented by
Richard Ong
Area Manager - Asla

_‘ Application of Geosynthetics

Tensar.

Subpalisst SI lisation
Principal function Is fo lm:reese
bearing capicky

" Stabilisation: =
"+ Sub-ballast - %
<. Stabilisation”” ;.
% Ballast .. i
.- Stabjlisation -

Cellular Fe undatlon

Mattress

Ballast Stabiisation: 1 -

Principal function i laleral ..

confinement of batlast - 5
_ malntenance rechuction

77
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Embankment over Soft éoi_ls

S . Embankment
" -Stability

“problems: "

Embankment over Sb_ff Soils - ‘ 5 " Tensar Embankment oyef Soft 'Soilsv' A

Embankment over Soft Soils . . - ¢ 1 Tensar P Embankment oyex?Soft Soils: S " Tensar

Removal and replacemnent :
Structural soluitions: piles-raft, foundation
Ground improveme

Rammed aggregate piers (Geopler)
Vacuum consnhdatmn :

Geosynthetlcs ngh strength geotextul&s, geognds
w Cellular Foundatwn Mattress

78
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| Cellular Foundatior’x Mat_tre_ss_

Cellular Foundatlon Mattress or Geacell Mattress Is a ‘
‘basal mattress where a 3D honeyccmbed structure ls formed
via a series of mterlocklng cells. )

n Cel'lular_ )
-..foundation ... ..
“mattress for a:

- road :
embankment in
- Thailand E

Cellular Faundation'
< M

Te_nsa[ Cellular Foundatlon Mattress ' Tensar

Ceflular Foundation Mattress. Cellular Foundation Mattréss* Tensar.

" Tensar Benefits of Using Cellular Foundation Mattress Tensar

‘foundation mattress stiffness

pecial case wherl soft soil dé_pasm is relatively
hin compared to width of embankment
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Tensar. ‘ Geologica_l Conditions Cll I R Tensér

= Quaternary (upper part) loam, clay, sandy

:~.clays, clay with ogranic matter ; kons:stency Stlff

- to:slurry, mlddle and high’ plast:cnty L
-,Neogene calcareus and sandy clays, hlgh

plastucnty clays with layers of sand -

ater table. 0.5-to 1.5m under terram

Requirements of Slovak Railways Foundation Systems Cohsidere I B Tensar

Typical Cross-Section of Embankment - Tensar.  Site Photos

‘Stiff integral
geogrid (40RE
& 55RE) .

‘|-~ Working platform:
] 5520 + NWG

o s Vertical
AT drain
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Tensar.
= Arial viéw of . R ; : : . ; ] = Arfal view of
- cellutar : L e o e cellutar .
- foundation - .- niok e : gt |- foundation

mattress ;oL ; - : ; o7 mattress
-“construction - . 59

SitePhotos ~ ~ © . u . e SIS D Tensar

R
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* Monitoring and Results

demonstrated,
- that settlement

Septemnber 2013

Reinforced Soil

Structure (RSS)

Tensar. & ' Reinforced Soil Structui’és f_Qhestiqns to Ask

. Possibly the ofdest reinforced sofl structui
the world: - Ziggurat - Ancient Babylonia (6%
:.Century B.C.) ; ; :

Tensar.

82
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Design Parameters. for: Soil |

" A wide variety fills
types may be used.

September 2013

Design Paraméters for Soil

. Soil propertles for de5|gn. )
dramed or undralned shear strength"?” I

_:7%, "Soil strength parameters. .-
it ~‘Undrained -

: Granular

RSS -~ Steep Stope:

RSS - Steep Slope

RSS - Steep Slope

RSS ~ Temporary Wall

83
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22

dge_Abutménf '

RSS - Bri

Tensar

) “fg_w :4'

o

Repair with
reinforced..
“-soll slope 2
(8m high &
©70°) and re-
profiling the -3
-stope’ -




Case Study: Slope Repair with RSS

Tensar -

Case Study: Slope Répair with RSS . - -

September 2013

Tensar.

: Slop:
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‘Key Problems for Railways d_vér Weak Soils Tensar

Mechanical Stabilisation B : .
of Track Ballast & Sub ballast

Other Potential Problem: : - Tensar Mechanical Stat Selutions .. - Tensar

: Interlocking mechanisth :
= Improved performance

geometry for longer -

= Reduced trackbed thickness

" Longer interval between re_ballavsting' -
extend maintenance cycle by a factor.of
-about 3 & reduce traffi c-Induced ballast
degradatlon ;

- Gimyntintisd g Rovssry Prajosts

87



- Sub-ballast Stabil
- Principal function is to increase -

September 2013

- Tensar

bearing capacity

Mechanical Stabilisation:with Geogrid

Ballast & Sub-ballast Stabilisation

Mechanically Stabilised Tra

nterlocking mechanism
When granular fill is’ compacte
‘over a Tensar geogrid; it pamall
penetrates and projects through
the apertures to create’a strung
and posmve Interlock’

Interlock enables the geogrid

and restrains the granular’
: material from lateral spread

straih under’ dynamic load
Prolongmg the effectiveness of
both baliast and sub-ballast

resist horizontal shear from the filt

Controlhng accumulatnon of lateral

Tensar,

A pyramld of pamcles can be built up
: and even surchargedl o

88
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Stiff geogrid mteflockmg'

" Interlocking vs. Tensioned embrane'Mechanism ~ Tensar. ' The Concept of “Mécﬁ'amca'lly Stébifi'sed Layer Tensar_

“The Concept of‘Mach_ang'cal:lyVSf:abihséd Laver  Tensar
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4
. .The Concept of ‘Mechanically Stabilised Layer’ . Jensar
modils | ¢
‘ u_n]'def:glide ofsleépe‘r
fop p} msl
Mechanically Stabilised Trackbed Layers . ' ' ' Research at RMC, | ntario, Canada (1986)
#
Tensar.
"Number of cycles )
1.000 10.000 100,000 1,000,000 * 70,000.000

£ ' :
z %
£ s
g_'. 75
g
2100
H
E 128
&

150

36560 2073 Guoylites i Rabrsy Prosats 82
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Number of cycles
1 10 100 1,000 10,006 100000 1,000,000 10,000,000

Permanent sleeper setdement {(mm)

30 Sep 2513 Gensyrthales in fodny Projasss. 5

September 2013

< Research at RM_C,: Ontario Canada (1986)

Tensar. .

Tensar

Number of cycles
1 10 100 1,000 10,000 - 100,000 1,000,000 10,000,000 -

{mm)

steeper

Investigating
i effect of CBR
s and geogrid

0spret3 Gomyrtimes in Radeoy Projts 87

Research at RMC, Ontario, Canada (1986) o

Number of cycles

1 10 w0 1,000 10,000 100,000 7,000,000 10,000,000

Investigating |
effect of CBR 3
and geogrid -

=
=]

ny
Q

@w
-3

Pemmanent sleeper settlement (mm)

e
=1

3¢ Sep a3 TsyTitics w Radagy FIops K

pli ;
24km of track
Queensland Rail
expansion of coal
haulage network:
40 trains per day .
" .. consisting of 84 x
-~ 100t coal wagons..
.= Subgrade -
. -econsisted of
- “black soils”
~CBR < 3%

Case Study: Dingd to Wall”arbb,.Australka :

91
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=
- Tensar. . .-Case. Study: Dingo to Wailaroo, Australia Tensar
Original design :
+| 500mm excavation with
800mm capping material:
' . = “Tensar. biaxiai
Tensar,
»
2

Case 'St(:_dy.» Dingo to ,w'au’éfdo,. Australia - -

“Tensar,

= . Capping material
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¥

Case Study: Dinigo to Wallaroo, Australia

Spreadmg cappmg i
- = The'complete.
 material  subport Syser

Case Study: Dingo to Wallar o; Australia . Tensar | Closing Remarks . " S .Tensar

Closing Rerﬁarks T - . Tensar,

Stablllsatlon of sub- ballast and ballas

THANK YOU |

"% Reduce constructlon time.,

5" ® Reduce volumes of soil materlals to be excavated and transported
|’ Cost effective solutlons . L

PR Innovative and hlgh quahty solutions’

= Reliable and proven global experience: United Kingdom, Belglum, USA,
Netherlands, Sweden, Norway, Canada, Bulgaria, Denmark, Germany, Slovakia, Czech
mpublic, Hungary, Australia, Romania, Poland, Russia, Sti Lanka (upgradlng of
Columbn-Matara Coastal Railway tine). .

Richard Ong
Area Manager - Asia
Emall: richard@tensar.com.my
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