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Agenda

 A mini Workshop on vibration matters was held 

CERN-KEK-ILC at CERN 17 October 2017

 Intro to High Luminosity LHC (HL-LHC);

 HL-LHC Civil Works;

̶ Point 1 – ATLAS;

̶ Point 5 – 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/

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


Civil Engineering
The HL-LHC Works



HL Civil Engineering :  Site Locations

Point 1

ATLAS

Switzerland

Point 5

CMS

France



HL-LHC underground works at Points 1 & 5



Civil Engineering
Point 1 - ATLAS
Switzerland



HL-LHC Works at Point 1 (ATLAS)



Worksite Area at Point 1

Worksite area 
(approx. 20% increase in 

ATLAS surface area)

Worksite access 



HL-LHC Works at Point 1



HL-LHC Surface Works at Point 1 

Electrical Building

Ventilation Building

Head Shaft Building

Cooling Towers

Compressor Building

Ventilation Building

Cooling Towers

Compressor Building

Helium Tanks

New buildings and technical 

galleries must avoid clashing with 

existing services, in particular high 

voltage lines and fibre optics.



Underground Structures at Point 1
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Civil Engineering
Point 5 - CMS
France



HL-LHC Works at Point 5 (CMS)



Worksite Area at Point 5

Worksite 

Area
(approx. 30% increase 

in CMS surface area)



HL-LHC Works at Point 5



HL-LHC Surface Works at Point 5 

Electrical Building

Ventilation Building

Head Shaft Building

Cooling Towers

Compressor Building

Additional CMS buildings 

(not part of HiLumi)

Helium tanks



Underground Structures at Point 5

CMS

UA53
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Civil Engineering
Shaft Design



Civil Engineering Design

Point 5 image by LAP



Point 5 Shaft Design



Point 5 Shaft Design



Civil Engineering
Outline Planning



Vibration affecting LHC operation

 Vibration caused by shaft excavation may affect 

LHC operation (beam stability);

 Main excavation works planned during LS2; 

sensitivity to vibrations drives CE planning.

Roadheaders will be used for excavation



Shaft Excavation 
Equipment



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)



Electric roadheader (Thun)



Electric roadheader (Thun)



Electric roadheader (smallest size)

Too large

Insufficient undercut



Hydraulic cutter head on electric excavator

 Key points:

o Various sizes of electric excavators available;

o Many models would fit inside shaft;

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



Terex electric excavator



Conclusions and Remarks

37

 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/

 IPAC18 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 


