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Bored Piling using Rotary Kelly Drilling
Mega Piles

Monopil =Tor Elevated StrilZ
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Section 1

INTRODUCTION
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Bauer Bored Piles for Viaduct Construction
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Bauer Bored Piles on Roads
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Hong Kong
KCRC CC201 New Territories
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Hong Kong
Route 9 Phase 2 (Viaduct Approaches to Stonecutter Bridge)
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Hong Kong
Route 8 (Viaduct Approaches to Stonecutter Bridge)
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Bauer Bored Piles for Viaducts
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Hong Kong Zhuhai Macau Bridge
Completed Bridge
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Rotary Kelly Drilling for the Deep Water Section
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BG 40 Drilling Hard Granite Rock for the HKZMB
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Bauer Equipment for Mega Piles



20th Southeast Asian Geotechnical Conference & 39 AGSSEA Conference in Jakarta, 06-07 November 18

Bauer is > 225 years old!
The Humble Start N N

18
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Bauer BG Drill Rigs
Drill Rig History, Mega Rigs for Mega Piles

Development of the BG rigs
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Drilling Rig 41’

sy BG 40 BS 110
& [
i f Overall height 29 - 32meter
: : ’ Torque 367kNm
Kelly bar 15tons i | Engine power 563 HP
\n I Main winch 400kN
g Auxiliary winch 150 kN
:f)?;(uiomn'm i Max. diameter 3000 mm
: Max. Drilling depth 90m
: Undercarriage BS 110
’ o ! Crawler length 6000 mm
il Zﬁ \ Crawler width 4900mm
-_,-:-‘-_-_;5 rg \ aotonwinch ~ Width of track shoes 1000mm
= % i Operating weight 160 tons

Drilling Diameter can be increased to 3,500mm by
installing a sledge adaptor

Tool and excavated
material — 20ton

20
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		BG 40  BS 110

		Overall height		29 - 32meter

		Torque		367kNm

		Engine power		563 HP

		Main winch		400kN

		Auxiliary winch		150 kN

		Max. diameter		3000 mm

		Max. Drilling depth		90 m

		Undercarriage		BS 110

		Crawler length		6000 mm

		Crawler width		4900mm

		Width of track shoes		1000mm

		Operating weight		160 tons
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		BG 40  BS 100B

		Overall height		88‘ 11“

		Torque		287.700 ft-lbs

		Engine power		563 HP

		Main winch		67.440 lbs

		Auxiliary winch		29.230 lbs

		Crowd winch		56.200/102.000 lbs

		Stroke Crowd winch		64‘ 7“

		Alternatively:

		Crowd cylinder push		56.200 lbs

		Crowd cylinder pull		96.700 lbs

		Stroke		25‘ 1“

		Max. diameter		9‘ 10“

		Max. Drilling depth		264‘

		Undercarriage		UW 130

		Crawler length		19‘ 8“

		Crawler width		12‘ – 16‘ 5“

		Width of track shoes		3‘ 3"

		Operating weight		approx. 308.700 lbs
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4

Year 2018, Kuala Lumpur

The 2 biggest BG Rigs in the
World

BG 48, Drilling Depth 125m w/o
Kelly Extension

BG 72, Drilling Depth 150m w/o
Kelly Extension

Max Drilling Diameter 4.6m
(with slide adaptor)

21
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Section 2

MONOPILES FOR VIADUCT STRUCTURES

22
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Section 2
Monopiles for Viaduct Structures

The concept of Monopiles

Examples of diameter 3.0m and 3.5m Monopiles on Road Viaducts in Kuala
Lumpur

DUKE Highway

SUKE Highway

23
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A Monopile is defined as

A foundation consisting of a
single, generally large
diameter, structural element
that supports the entire load
of a large above-surface
structure

24
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Why Monopiles ?

The common Approach

Typical Pile Cap for Viaduct Pier using 4 or more Piles
which now will be replaced by 1 Mega Pile diameter 3.0m to 3.5m

7.5m
< > 4.0m
4.5m |
Q
o O - >
Pilecap 7.5m x 7.5m Pilecap 4m x 4m
4 nos. 1.5m pile group Single 3.0m pile

25
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Monopiles are

FASTER AND COST EFFECTIVE
Compared to Multi-Pile Group Caps



20th Southeast Asian Geotechnical Conference & 39 AGSSEA Conference in Jakarta, 06-07 November 18

Reason 1.

Logistic and Time during Pile Construction

27
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Piling Program (subject to Specific Changes)

4 Pile Group (the uninterrupted construction of
4 Pile Group Caps require the availability of
minimum 3 cap location at a time)

o 4.0 days
Mobilization - 1.0 day L Construction plus
Install Pile 1 - 1.0 day shifting
Install Pile 3 - 1.0 day
Install Pile 2 - 1.0 day
Install Pile 4 - 1.0 day

Shifting 11 times between 3 Pile Caps

Single Pile Group
Mobilization - 1.0 day 1.0 day Construction
Install Pilel - 1.0day - plus shifting

Shifting 2 times between 3 Pile
Caps _

28
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Typical Working Sequence for conventional 4-Pile Group Cap
3 piers with link up platform

Min. 12m width
N 4 2 5_ R 6 |
® O ® @& ® ©®
® O ® o ® o
4 8 9 10 11 12
< Exit Entrance <
\4

Working length to suit pier spacing
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4

Pier Groups — Stage 1: Drilling Pile 1

Soil Skip

Drilling
ools

Min. 12m width

A

_____________________

A

Exit Entrance <

A
v

Working length to suit pier spacing
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4

Pier Groups — Stage 2, Drilling Pile 2, Ancillary works BAUER
at Pile 1

Selwood
j Min. 12m width

A

A

Exit Entrance <

A
v

Working length to suit pier spacing
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4

Pier Groups — Stage 3, Drilling Pile 3, Ancillary works BAUER
at Pile 2
Steel cages
7 Min. 12m width

A

A
v

Working length to suit pier spacing

Sequence repeated for piles 4 to 12
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4

Typical Working Sequence — Isolated Pile Cap BAUER

Min. 12m width

A

____________________

A

Exit Entrance <

A
v

Min. 32m working length
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4

Isolated Pile Cap: Stage 1 — Drilling Pile 1

- Soil
Drilling :

Min. 12m width

A

A

Exit Entrance <

A
v

Min. 32m working length
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Isolated Pile Cap: Stage 2 — Reinforcement at Pile 1

Selwood

PUMp S Tremie teel cages
ump \ Spénd Min. 12m width

A

A

Exit Entrance <

A
v

Min. 32m working length

Sequence repeated for piles 2, 3and 4
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4

Isolated Pile Cap: Stage 3 — Concreting at Pile 1 BAUER

Selwood
Pump

Pump \ Min. 12m width

A

A

Exit Entrance <

A
v

Min. 32m working length

Sequence repeated for piles 2, 3 and 4

Between every Pile drilling 24 hrs idling after concreting
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Piling Sequence for Monopiles

Typical Working Sequence for Monopile Cap
3 Piers with Link Up Platform

N
TN
N/

“

r ) >
!
- R
PIER SPACING PIER SPACING

&
E + JERSEY 3ARRIER -

‘{}épum C) Plle 2 C)

______

=
o
) [ 2]
(%]
B.0m To 9.0m Widt

WORKING LENGTH TO SUIT PIER SPACING

37
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Piling Sequence for Monopiles

Pier Groups — Stage 1: Drilling Pile 1

PIER SPACING

T PIER SPACING
1

~ TREMIE PIFE

EELE O

100t CRAWLER CF!.'\I E

<= EXIT

T T
|||I|IIL-‘ .

rJERSEY BARRIER

[T

Plle 2

<= ENTRANCE

£.0m To 8.0m Width

23,50m BORED
AILE CASING

WORKING LENGTH TO SUIT PIER SPACING

- JERSEY BARRIER

38
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Piling Sequence for Monopiles

Pier Groups — Stage 2: Drilling Pile 2
Ancillary Works at Pile 1

@3,50m 30RE0-

‘ AlLE CASING “JERSEY BARRIER

WORKING LENGTH TO SUIT PIER SPACING

N I/ Yy ) )
- - -
p— N ~
PIER SPACING PIER SPACING
i 1z i
[y = T
= B A
- 1~ TREMIE PIPE =  JERSEY BARRIER £
a l|,' o 1] &
12m? CONCRETE TRUCK
i 7— _’:ﬁ !
D | | | | . I
p | b b=
] | ‘. =
Z . — E
— ; 5
i { . =
D | [ = il
Lo\ \ga,somPle £
- INSTALL CAGE PILE 1 (Day) <
CONCRETING PILE 1 (Night)
=T EXT == ENTRANC

39
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Piling Sequence for Monopiles

Pier Groups — Stage 3: Drilling Pile 3
Ancillary Works at Plle 1&2

a () 7 >
(-) -) -
S N o
PIER SPACING PIER SPACING
15 i} i
: : :
= [ JERSEY BARRER = [ TREME PIPE £
] / 8 8

12m? CONCRETE TRUCK
— 7

i
é . I I:l I'. |I ______ . | o =
£ } AN d r | L ol e
g ¥ ———— 3 _ ! 5""1¢
: [ i P v P ‘3'_'»'
? H D I' | ‘ - L 3 CRAME
2 : ﬁﬁ - L = o SOIL TRUCK \) »
E " = o — ! - -
< Eﬂ‘!jiopRiF E|EJ[01RK — INSTALL CAGE PILE 2 (Day) I E & STT+ / BORINGRIG 5G40
COMNCHETING PILE 2 (Nlaht) = L; 1T Al —
e -~ L = 7] CE -
<= BT - o) EENTRANCE ooy g oL

L JEASEY BARRIER

@3.50m BORED
BILE CASING

WORKING LENGTH TO SUIT PIER SPACING

40
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SPE - DUKE Phase 3
Rig Arrangement 2

M LZEl

~
 /
"

N.T.5, 32000 ~ 84000 (DRILLING ON ALTERNATE PIERS)

FIER |l'
ENTER FIER

CENTER

S8

DRILING TOOI SOIL TRUCK

ELEVATION VIEW.

23,50mBORED  BORING RIG BG40

EXCAVATOR
PILE C4SING

SPOIL TABLE J

1004 CRAWLER CRANE
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Drilling Rig

Kelly bar 15tons

KDK 40ton-m
torque

Tool and excavated
material — 20ton

40ton winch

4

BG 40 BS 110

Overall height 29 - 32meter
Torque 367kNm
Engine power 563 HP
Main winch 400kN
Auxiliary winch 150 kN
Max. diameter 3000 mm
Max. Drilling depth 90 m
Undercarriage BS 110
Crawler length 6000 mm
Crawler width 4900mm
Width of track shoes 1000mm
Operating weight 160 tons

Drilling Diameter can be increased to 3500

mm by installing a sledge adaptor

42
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Workspace & Traffic Diversion iy
Tﬁ”r 4 pile group needs 10m to 12m
*-Eﬂ width

Monopile cap — 6.0m to 9.0m

Easier for approval from
Authorities

Road Diversion is minimized

Traffic Flow much better

Saving in Traffic Diversion

Implementation of Traffic
Management Scheme faster

43
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Design Effect on Materials

7.5m
< > 4.0m
4.5m |
&
O O —
Pilecap 7.5m x 7.5m Pilecap 4m x 4m
4 nos. 1.5m pile group Single 3.0m pile

Pile Length — Varies depending on soil parameter but a single 3.0m pile would
normally be 15%-20% longer than a 1.5m pile

Concrete Volume — There would be no quantity saving in volume. It is even
fair to say the volume is slightly higher

Steel Tonnage — Saving would be negligible

In summary the installation cost of 1 no. 3.0m pile is about the same or
slightly higher than that of 4 nos. 1.5m pile

44
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Reason 2:

Faster and More Economic Construction of
Pile Cap

45
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Pile Cap and Temporary Works, Group of 4 Piles

4 Pile Group
Sheet pile
Excavation
Strutting
Dewatering
Pile cap

Construction time @ 3
weeks

Single Pile Group

Temporary work can be
minimized or even
omitted

Construction period can
also be minimized

46
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Monopile Cap
COL Close to Ground Level

Monopile Cap

Temporary work is minimal or can be even omitted
Construction period is very short

47
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Cap Work for Pile with Deeper COL
Pile Cap Temporary Works using a Thin Temporary Casing




20th Southeast Asian Geotechnical Conference & 3@ AGSSEA Conference in Jakarta, 06-07 November 18

Conclusion

Monogile Solution versus Multi Pile Group

Design

Pile Construction
Work Area

Traffic Management
Construction Period
Temporary Works
Pile Cap

Traffic Flow

Well established

Logistically easier and faster
Smaller

Faster and Cheaper

Faster

Minimized and Cheaper

Can be omitted or cheaper

Minimum Disruption

49
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IN SUMMARY:

MONOPILE SOLUTIONS ARE
FASTER AND MORE COST
EFFECTIVE THAN CONVENTIONAL
MULTIPILE GROUP CAPS

50



Project - Examples
3 Highways In Kuala Lumpur

51



20th Southeast Asian Geotechnical Conference & 39 AGSSEA Conference in Jakarta, 06-07 November 18

DUKE Highway Phase 3, Kuala Lumpur

NORTH |[ SPE - SECTION 1
5,030 km

CH. 5030.000
SALAK

G < T
K;‘ A

Iy
KERINCHI

A Y
RERINCHI -
INTERCHANGE -~
<
\-‘-05?\

ra
p 4
LEGEND: (
PROPOSED SPE Y
{MAINLINE & NORTHBOUND) (
; 4
PROPOSED SPE (SOUTHBOUND) g
— W — RO W ..') ‘;’\I
I. |
N '
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DASH, Monopiles on ACRE Works Section

-

.l.i[:
1)

PACKAGE CB3

CH 14342 to CH
16239

CH 16239 TO
PENCHALA LINK AND
LDP

) ' gL SITE POSESSION
PACKAGE CB2 o | INOole
CH 12453 to CH 1% - ' "

PACKAGE CB1 |
CH 10350 to CH

SITE POSESSION

; ; 29 AUG 2016
12453 - : SITE POSESSION el | e et

iR 1 NOV 2016
S e Bl
SITE POSESSION = \ L

1 NOV 2016 &

_ZAIDUN - LEENG (SECTION - B)
A e e W . e L
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Monopiles for Multi Highway Bridge (SUKE CB3 & CB4)
Sg. Besi — Ulu Klang, Kuala Lumpur, MALAYSIA

BAUER
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Site Photo of DUKE Highway
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Drilling on DUKE Highway with Spoil Removal Table

L]

e
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A kbl

-
25
| =t ==t

. “i! g

)
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Site Arrangement DUKE Highway
Sequential Drilling and Material Installation
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4

Casing Installation of 3.5m
Pile in SUKE

= 59
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4

Drilling of 3.5m Pile in SUKE

60
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Cage for 3.5m Bored Pile

61
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4

Rebar Installation for 3.5m
Pile in SUKE

62
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Concreting of 3.5m Bored Pile in SUKE
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Preparation for Pile Cap on
Monopiles, SUKE
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Preparation of 3.5m Bored Pile for PDA Test
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Section 3

DEEP PILES

Bored Pile Foundation for KLCC Lot L&M
A World Record in the Making

66



20th Southeast Asian Geotechnical Conference & 39 AGSSEA Conference in Jakarta, 06-07 November 18

The highest Buildings in the World on Bauer Foundations Jl”

BAUER
Deep + Large Diameter Bored Piles by Bauer

1.001 m

Jeddah Tower - Saudi Arabien

828 m

Burj Khalifa - Vereinigte Arabische Emirate

! 700 m

m KLCC LotL, M & N - Malaysia -

||||||
i

‘nimm 462 m
EH\‘ ! | \‘I Lakhta Tower - Russland 452 m

Petronas Towers - Malay!

e |

+ Cavity Filling by Bauer
Barrettes by Others

Tower under construction | Foundations under Construction
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The KLCC Developments with Twin Towers and Park

dubbed “Tower M" whicha news report stated would be 145 storeys high.
Read more at https:/ fwww. thestar.com.my/business, business-news/2018/07 18/ kicc-
holdings-says- no-plans-for-mega-skyscrap er-tower-m B&m 7d2VCYp kPxtoyh 99



4

The Bored Pile
Foundation
for the KLCC

Lot L&M Towers

A World Record in the Making

Bored Piles diameter 2.5m
up to a depth of 150m

69
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KLCC Lot L&M

Bauer’s Principle Scope of Work

Main Contractor/Client

Consultant Engineer

Scope of Works

Construction Period

Arah Moden Sdn Bhd (Company of KLCC Holding)
Arup & LERA Sdn Bhd

- Construction of 225 nos. of Bored Pile, 2.0m and 2.5m
diameter drilling depth up to 150m

- Temporary utility diversion involved TNB cables storm water
drain, sewerage pipe, Telecom cables, Water and Gas pipes

- To carry out existing structure monitoring and geotechnical
instrumentation monitoring works

- Dilapidation survey and Site monitoring works

- Diaphragm Wall 7,524 m2 (209m) , thickness 1m, depth 33m
to 39m

30 March 2018 — 30 August 2019
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Ground Conditions

Green: Top of the first hard Kenny Hill layer

Blue: medium dense Kenny Hill in-between two blue planes

Yellow: Slump-Zones over the rock layer

Red: Limestone-Surface (regardless if competent or not, just the top surface as per Sl)
Grey / Black: Competent Rock level as per S|

@| -—- -1980

1€
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-_ R “ Bauer BG 48 + BG 72 BZI.,IZR

- The Biggest Rotary Kelly
| Drilling Rigs in the World

BG 48:
Mast Height 36 m
Main Winch 60 to

Kelly 5-fold Lockable
Drilling Depth 125 m
Max diameter 3.5m
Operating Weight 270to

BG 72:

Mast Height 43 m

Main Winch 60 to

Kelly 5-fold Lockable

Drilling Depth 150 m

Max diameter 4.6 m (with

sledge adaptor)
Operating Weight 280 to =
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Transport and Erection

Transport:

10 nos. of Heavy Transports for the dismantled
BG

Erection:

10 days erection and assembling of the BG 72

1 no. of 140 to Mobile Crane

1 no. of 360 to Mobile Crane

5 special Mechanics + 1 German Mechanical
Engineer

Lifting Box for Mechanic to reach 35m Height 7
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Transport and Erection
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Special Video for BG72
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Podium Piles Completed
Test Pile 115m Deep Completed

Details of test pile:

1. Drilling Time: 46 hrs for 115 m
2. Total Concrete Volume: 480m3
3. Cage Details:

Total 77 ton (Dummy Cage - 1.5ton; Top Cage -
28.8 ton; Middle Cagel - 19.2 ton; Middle Cage 2
- 18.3 ton; Bottom Cage - 9.3 ton)

4. Upper O-Cell — 4 ton; Lower O-Cell - 2.1 ton

5. 8.3 hours (casting time; 0130 hrs-0947 hrs 20t
September 2018)

6. 3 hrs Slump Retention; 8-10hrs Setting Time

Test is completed. Deep Working Piles commence.
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Lifting of Test Pile Cage
With 2 Osterberg Cells
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Lifting of Cage for Test Pile
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Concreting of Test Pile
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Section 4

TECHNICAL CHALLENGES DERIVING FROM MEGA PILES

- Borehole Stabilization
- Concrete Mixture
- Verticality Measurements
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Borehole Stabilization
Polymer instead of Bentonite

Advantages:
Smaller Plant
Lower Density
Better Frictional Behavior
Faster Sedimentation
Faster Recycling

Caution: Selection of Suitable Recipe
Need Experienced Supervision
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Concrete Mix and Supervision

In Urban Environments the casting time can be up to 10 hours.
Stable Mix (beware of seggregation)
Workability over Time
Flowability over Time
Setting Time

Caution: Slump Test of arriving Trucks alone may not be Sufficient

84



20th Southeast Asian Geotechnical Conference & 39 AGSSEA Conference in Jakarta, 06-07 November 18

Guide to Tremie Concrete (2018)
Guide to Support Fluids (2019)c

for Deep Foundations

‘... panel length

|

s () ) ] Guide to
} platform level Tl'Eﬂ‘Ile concrete
WA ot castinglevel g fOf' Deep Four'dat[o”s
lead-in S cutoff level
tube . v AR G i By e joint EFFCIDR Concrete Tagk s
- reinforcement
excavation cage
depth
concrete level
. N
tremie
concrete

tremie pipes

Crass sections of Detall of a

o 3
? structural elements, cross sectlon,
different shapes reinforced

ﬁ EXAMPLES OF DEEP FOUNDATIONS
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Verticality Measurements 41‘

For the Lot L&M deep piles, the Engineer specified Sonic Caliper Tests (or
suitable)

Patented System by Fugro
No experience of measurements for such deep piles

Wave Systems which rely on Velocity Measurements are being influenced
among other issues:

Density of Stabilization Fluid
Sand Content
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Verticality Measurements 41‘
Sonic Caliper

Influence on Accuracy may not be fully understood for Piles with depth in >
110m

Few piles have been tested around 100m

Recommendations

Use a Mechanical and Optical System as in Alternative such as:
DIS — Drilling Inclination System for Deep Shafts
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DIS — Drilling Inclination System for Deep Shafts

Advantages

 Fast Survey, no slurry exchange needed
* Quick result (automatized evaluation)

« Direct, transparent recording

« Accuracy:

+20mm + -
0.03% x depth + 20 mm

(tolerance of cylinder in shaft)

Set-up

« Tachymetric System

 Trained Surveyor
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Thank You!

We wish to thank the Organization Committee for giving us
the opportunity to present this presentation. Special thanks are
extended to Prof. Dr. Masyhur Irsyam and Dr. Didiek Djarwadi, for
Inviting us to prepare this presentation.

Bauer thanks also their Clients in Indonesia, Singapore,
Hong Kong, Malaysia and throughout the world that we were
given the trust to execute their difficult foundations. Particular
thanks are being expressed to KLCC, Cantilever, Acre Works and
Ekovest as our valued Clients who gave us the trust to carry out
the foundation work for the projects mentioned in this
presentation.
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4

BAUER

Thank you very much for your
attention

PT Bauer Pratama Indonesia
A member of the

Bauer SE Asia Pacific
Network

Your reliable Partner as
Foundation Specialist
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