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Agenda

A mini Workshop on vibration matters was held
CERN-KEK-ILC at CERN 17 October 2017

= |ntro to High Luminosity LHC (HL-LHC);

= HL-LHC Civil Works:
— Point 1 — ATLAS;
— Point5 -CMS;

= Civil engineering shaft design;
= Civil engineering outline schedule;
= Shaft excavation equipment;




A mini vibration working
was held CERN-KEK-ILC at
CERN 17 October 2017
with Hitoshi MATSUSHITA
from Takenaka Corp. to
share experience :

https://indico.cern.ch/event/

672364/
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Civil Engineering
The HL-LHC Works
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HL Civil Engineering : Site Locations
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HL-LHC underground works at Points 1 & 5
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Civil Engineering
Point 1 - ATLAS
Switzerland




HL-LHC Works at Point 1 (ATLAS)

= HIGH LUMINOSITY - L
‘SURFACE STRUCTURES
11000

POINT 2

HIGH LUMINOSITY
UNDERGROUND
STRUCTURES

- POINT 5
cMS
HIGH LUMINOSITY
POINT6

UNDERGROUND STRUCTURES N
(OTHER SITE) \

LEGEND
(71 EXISTING BUILDING
[EXISTING BARRACKS

* TO MOVE/DEMOLISH

[0 NEW BUILDINGS

I NEW CONCRETE SLAB
NEW ROADS / ASPHALT AREA
NEW FOOT PATH
& AGRICULTURAL ROAD
NEW CAR PARK (Grass pavers)

"I NEW LANDSCAPING

—— NEW FENCED LIMIT

—— NEW EARTHWORKS

- HIGH LUMINOSITY -
'UNDERGROUND STRUCTURES
NS

POINT 1- ATLAS
EXISTING CAVERN

/

HIGH LUMINOSITY /
UNDERGROUND
STRUCTURES

HL-LHC : POINT 1 - ATLAS

—
2 S ——
BB o n | emmemoerem [ HCK 36990001] 5[ € |




Worksite Area at Point 1




HL-LHC Works at Point 1




HL-LHC Surface Works at Point 1
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Underground Structures at Point 1




Civil Engineering
Point 5 - CMS
France




HL-LHC Works at Point 5 (CMS)
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HL-LHC Surface Works at Po
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Underground Structures at Point 5




Civil Engineering
Shaft Design




Civil Engineering Design

Point 5 image by LAP



Point 5 Shaft Design

Soil profile - 3-3 (detail shaft]
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Point 5 Shaft Design

Cross Section 3-3
(Support class S.1)
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Civil Engineering
Outline Planning




Vibration affecting LHC operation

= Vibration caused by shaft excavation may affect
LHC operation (beam stability); .

[ 2015 | 2006 | 2017 | 2018 §| 2019 | 2020 | 2021 | 2022
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LHC Operation period
CERN feasibility/integration study
Site investigation I
Underground & ) bl
Design Phase / Surface e mh@‘ rj
Structures - Construction Management
Construction mana; gement otz o] Tender = >
010772016 vosin|  Design ' . R
— . i Roadheaders will be used for excavation
o ornos | oy =
e fives E oot
Underground Structures H
- cores
Construction Tened Construction
Co contracts
Surface Structures Construction S'rface wERS
Staged Handovers for the underground and surface structures is envisaged. The timing of these handovers will be agreed during Phases 1 & 2.
.
during LS2;
g 1

NOTE:

= Malin excavation works plannec
sensitivity to vibrations drives CE planning.
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Shaft Excavation
Equipment

‘HiLumi
HL-LHC PROJECT



Shaft Excavation Equipment

= Assumed conclusions from vibration studies:

o Hydraulic hammer / rock breaker will generate
unacceptable vibrations;

o Excavators powered by diesel engines will generate
unacceptable vibrations (resonance frequency);

o Vibrations due to electrically powered excavation
tools would likely be acceptable;

= Electrically powered excavation tools:
o Electric roadheader;
o Hydraulic cutter head mounted on electric excavator;




Electric roadheader

= Key points:
o Vibrations caused by large model measured in Thun;

o Cutter head is directly powered by electric engine
(no hydraulic system in btwn engine & cutter head);

o Smallest versions would likely not fit inside the
~(11.5m shaft to be excavated;

o Customised machines (excl. spoil transport band and
other features) may just fit;

o Downside is limited under-cut below bottom of
excavation:;




Electric roadheader (Thun)

M

ARGE@ED schiossberg
Teilschnittfrase

Marke: Eickhoff ET 480 Q
Einsatzgewicht: 125to
Leistung Fraskopf: 300kwW
Betriebsspannung: 1000 Volt

Gesamtschnitt Parkhaus / Zugange




Electric roadheader (Thun)




Electric roadheader (Thun)

Type Power* | Power | Voltage | Weight* Dimensions™ Cross Section | Cross Section
(min) (max)
total cutting length x width x height WxH WxH
(kW] (kW] ™ It [m] [m] [m]

ET 100 Series
ET 120-Q 210 132 400 32 8.5x21x24 29x26 55x 4,05
ET 120-L 210 132 400 32 90x21x24 29x26 58x4,6
ET 170-Q 210 132 400 33 9.0x2.1x3.28 29x31 6,1x4,6
ET 170-L 210 132 400 33 9.1x2.1x3.28 29x31 6,0x4,9
ET 200 Series
ET 210-Q 360 200 1000 58 10.2x3.0x255 44x285 71x4,7
ET 210-L 360 200 1000 56 10.5x3.0x255 44x2485 6,8x5,0
ET 250-Q 360 200 1000 58 10.5x3.0 x3.81 4.4 x3,53 75x55
ET 250-L 360 200 1000 56 10.74 x3.0x3.81 44x3,53 72x5,8
ET 300 Series
ET 380-Q 390 200 1000 109 16.8x3.7x4.8 49x5,0 12,4 x7,1
ET 380-L 390 200 1000 107 17.3x3.7x4.8 49x5,0 12,4 x 7,45
ET 400 Series
ET 410-Q 490 300 1000 104 16.4 x 3.9 x 3.55 57x37 10,0 x 5,5
ET 410-L 490 300 1000 104 16.9 x 3.9 x 3.55 57x37 10,0 x 6,0
ET 450-Q 490 300 1000 110 16.6 x 3.6 x4.55 57x4,8 10,3 x7,3
ET 450-L 490 300 1000 110 17.1 x 3.6 x4.55 57x4,8 10,4 x7,7
ET 480-Q 490 300 1000 114 16.6 x 3.6 x4.55 57x48 11,4x7,9
ET 480-L 490 300 1000 114 17.1 x 3.6 x4.55 57x4,8 11,5x8,3

* without slewing belt conveyor
-Q = machine type with transverse cutter gear box
-L = machine type with in-line cutter gear box




Electric roadheader (smallest size)
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Hydraulic cutter head on electric excavator

= Key points:
o Various sizes of electric excavators available;
o Many models would fit inside shatft;

o Not many models have enough kW / ton to be
efficient (req'd excavation rate to meet schedule);

o Cutter head is indirectly powered by electric engine
via a hydraulic system,;

o Very good under-cut capabilities;

o Cutter head can easily be exchanged for rock
breaker/hammer or ripper/rock bucket;




Terex electric excavator

= Example of ‘suitable’ equipment:
o Terex TE210 E;
o 160kW electric; (400V / 50Hz)

o Hydraulic system: Performance Regulated Rexroth;
Axial piston double pump with load-sensing control
and load limiting control,

o Hydraulic Cutting unit Schaeff WS150N;
o 28 ton;




Terex electric excavator

TE2I0 E

8450
IS

4700

4700

3200

3050 | 2250

8050

Technical Main Data

8500 Power electric drive kw 13
3900 Electric connection A 250
4700 Travel speed kmh 0-1.7/45
2700 Crawler chain drawbar pull kN 280
3.100 Operating weight, acc. too equipment t 28

Maximal vertical reach
Maximal digging depth
Minimal operating height
Machine width

Machine height over cab

33333




Terex electric excavator

Low vibration and noise level
reduces fatigue.

Maximum cutting output thanks to

ly motor disp can be
adjusted to hydraulic oll flow on excavator.

Rugged and low-maintenance
) thanks to solid drive shaft and
heavy-duty sealing system.

Gear sealing system suitable for
underwater use up to depth of 26 m.

Economical - cutting tools under load
can be easily replaced.

Narrow transmission case allows
narrow trench widths even at greater depth



Conclusions and Remarks

= A mini vibration working was held CERN-KEK-ILC at
CERN 17 October 2017 with Hitoshi MATSUSHITA from
Takenaka corp. to share experience :
= https://indico.cern.ch/event/672364/

= |PAC18 Paper :

‘INVESTIGATION AND PREDICTION OF THE LHC MAGNET
VIBRATIONS DUE TO HL-LHC CIVIL ENGINEERING ACTIVITIES”

= HL-LHC shaft excavation starting very soon, so we will
learn more this year !

= This information will be made available for LC
studies.....



https://indico.cern.ch/event/672364/

Thank you for attention!
Any questions?

Special thanks to M.Guinchard, P.Fessia and P.Mattelaer from CERN




