
 

 

 Structured,  complex network of cryolines, distinct layouts, polygonal geometry with angles 90° - 170° 

 Many singularities due to constrained Tokamak configuration, ~ 75% spools are Elbow, Step, Tee 

 Distributed in 3 different areas at ITER site – Tokamak building, plant bridge and cryoplant building 

 ~  5 km Cryolines,  21 multi-process (2 to 7) and 16 single process pipe lines, maximum DN 1000 OVJ 

 Finalization of embedded plates before the detailed design of the lines 

 Very high reliability and availability with low heat in leak  

 Very limited in-service inspection and repair - Stringent quality and testing requirements 

 

 

 

 

 

 

 

 

 

Convert the load combinations in two main load categories:- Inertial (Gravity, Seismic) and Pressure  
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Introduction to ITER cryolines (CLs) 

Schematic layout ITER cryogenic system 
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Layout ITER cryolines in Tokamak 

building with supports and EPs  

Loads specification : Single loads 

Type of load Originated by Single loads Category 

Inertial Gravity acceleration G I 

Transport accelerations TA II  

Seismic actions (Seismic level 1- SL1, Séismes Maximaux Historiquement 

Vraisemblables= Maximum Historically Probable Earthquakes -SMHV, Seismic 

level 2-SL2) 

SL1 

SMHV 

SL2 

II  

III  

IV 

Interface equipment vibrations IEV I 

Flow-induced vibrations FIV I 

Wind actions in the structural bridge which is used as a support of the lines WN I 

Snow load Snow accumulation in the lines SN I 

Relative support 

displacements 

Static deformations of the structural bridge which is used as a support of the lines 
DST I 

Pressure Dynamic fluid pressure (nominal operation) NP I 

Static fluid pressure (tests) TP II  

Internal pressurisation of the vacuum jacket and process pipes due to an accidental 

loss of insulation vacuum I (LIV 1) – Air  ingress in vacuum jacket 
LIV1 III  

Internal pressurisation of the vacuum jacket and process pipes due to an accidental 

loss of insulation vacuum II  (LIV 2) – Rupture of a process pipe 
LIV2 III  

External pressurization of the lines due to an incidental pressurization of the 

Tokamak confinement (ICP) – Galleries 
ICP III  

External pressurization of the lines due to an accidental pressurization of the 

Tokamak confinement (ACP1) – Port cells (B1) 
ACP1 IV 

External pressurization of the lines due to an accidental pressurization of the 

Tokamak confinement (ACP2) – Lower pipe chase (B2M) and port cell shafts 
ACP2 III  

Purge and evacuation (process pipes under vacuum during installation) PG II  

Thermal Fluid temperature during nominal operation NT I 

Fluid temperature during cold test TT II  

Assembly Pre-compression of bellows (if  applicable) 

Lifting  loads 
AL I 

Magnetic Magnetic field in the tokamak building ML I 

Load combinations for CLs in Tokamak Building 

Load 

combinations 

Category Damage limits Design criteria level 

ASME B31.3 EN 13480 

(G) I Normal Sustained Normal 

AL I Normal Sustained Normal 

TA I Normal Occasional Occasional 

TP + TT I Test Test Test 

PG II  Upset Occasional Cleaning 

NP + NT (NO) I Normal Sustained Normal 

NO + ML I Normal Sustained Normal 

NT + LIV 1 III  Emergency Occasional 

(see note ) 

Exceptional 

(see note ) 

NT + LIV 2 III  Emergency Occasional 

(see note ) 

Exceptional 

(see note ) 

NO + SL1 II  Upset Occasional Occasional 

NO+SMHV III  Emergency See note  See note  

NO + SL2 IV Faulted See note  See note  

NT + SMHV + 

LIV1 

III  Emergency See note  See note  

NT + SMHV + 

LIV2 

III  Emergency See note  See note  

NT + SL2 + LIV 1 IV Faulted See note  See note  

NT + SL2 + LIV 2 IV Faulted See note  See note  

NO + ICP III  Emergency See note  See note  

NO + SMHV + ICP III  Emergency See note  See note 

NO + SL2 + ICP IV Faulted See note  See note  

NO + ACP1 IV Faulted See note  See note  

NO + ACP2 IV Faulted See note  See note  

NOTE:- Whenever the selected design code does not provide any indication, the specific allowable 

stresses for emergency and faulted damage limits are specified by ITER 

Category I: Operational Loading  

Category II : Likely Loading Conditions 

Category III : Unlikely Loading Conditions 

Category IV: Extremely Unlikely Loading 

Selected embedded plates 

Approach for loads estimation 

Level in Tokamak 

building  

No. of EPs EP sizes  selected 

Ceiling Wall Floor  

B2 383 46 --  P300, P500, P700 

B2M 41 -- --  P700b[b=small rod length] 

B1 82 -- -- P500,  P500b 

L1 -- 69  -- 
P300, P400, P400b,  P500, 

P600 

L2 -- 69 --  
P300, P300b, P400b,  P500, 

P600 

L3 100 288 192 
P300, P400b,  P500, P500b, 

P600, P600b, P700 

Typical details of EP P700 Number of EPs foreseen for ITER cryo and warm lines 

Forces induced by seismic actions Forces induced by Pressure 

 Equivalent static analysis method (without knowing the 

natural frequency) 

 Force= Mass x Acceleration(x,y,z) x 1.5 Amplification factor 

 Estimation of total mass of the line (300 kg/m for TF CL) 

 Equivalent static acceleration in X, Y, Z direction from the 

floor response spectrum of Tokamak building 

 Assumed support span ~2.5 m each (axial load with 10 

m span, lateral loads with 2.5 m span) 

 

First peak 

during SL-2 

 

ax=8.41 m/s2 

ay=8.41 m/s2 

az=34.5 m/s2  

 Assumed technical solution with bellows/expansion joints 

 Pressure thrust force = Pressure x Cross-section area of 

bellow(WITZENMANN®) 

 Total force is vector addition of pressure thrust force for 

individual process pipe and outer jacket 

 Force on the internal fixed support  external support 

Pressure case Pi (MPa) Po (MPa) 

  
Process 

pipes 

Vacuum 

jacket 

Process 

pipes 

Vacuum 

jacket 

PT 3.0 0 0 0.1 

LIV1 2.1 0.1 0.1 0.1 

LIV2 2.1 0.12 0.12 0.1 

NO 0.4-1.8 0 0 0.1 

PG 0.2 0 0 0.1 

ACP 1/2 0.4-1.8 0 0 0.12 

ICP 0.4-1.8 0 0 0.12 

NOTE: Design pressure for process pipes is 2.1 MPa 

Loads and selection of Embedded Plates (EP) for TF cryoline 

Conceptual c/s of TF CL 

Process pipe description 

Pipe 

Size 

Effective area 

of bellow for 

Fpx 

calculation 

(mm2)  

  

DN 

  

CC: 4.3 K supply  100 13560 

CD: 4.7 K return  100 13560 

H: 50 K for current leads 50 4520 

E: 80 K supply  80 8810 

F: 100 K return  80 8810 

WL : Outer jacket 500 224400 

Single Load/ 

Load combination 

  Fx Fy Fz Mx My Mz 

  [kN] [kN] [kN] [kN.m] [kN.m] [kN.m] 

G   0 0 7 0 9 0 

Seismic SL1 12 3 13 2 19 15 

  SMHV 28 7 28 5 43 9 

  SL2 37 9 38 6 57 12 

Pressure   119 0 0 0 82 0 

LIV1   99 0 0 0 68 0 

LIV2   108 0 0 0 74 0 

NO   23 0 0 0 16 0 

PG   5 0 0 0 3 0 

ACP   19 0 0 0 13 0 

ICP   19 0 0 0 13 0 

NT+SL2 + LIV2+G   145 9 45 6 140 12 

Conclusion 
 Maximum reaction loads on the fixation points have been estimated for all the CLs 

 Adequate numbers (~1300) and sizes (from P300 to P700 standard and no-standards) EPs per line have been defined for 

cryo-warm lines and integrated in the building design 

 To improve the flexibility  in choosing the support type, the seismic reaction loads at all the EPs have been estimated for 

larger support span than in the current design (10 m instead of 2.5 m) 

 Approach will  be sufficiently comfortable to allow design of the CLs and their external supports without major changes  

 Actual reaction loads on the EPs will  be defined by the contractor based on technical solutions chosen for the detailed 

design of CLs and supported by detailed dynamic analysis  

By force conversion in to 3 equivalent forces and moments 

Loads for sizing of TF CL fixation points 
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Conceptual supports and EPs 
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Layout of TF cryoline 

Detailed view of EPs and support  for TF cryoline 
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Concrete  EP P700 Concrete  

Event 

category 

Damage 

Limit 

Design criteria 

(MPa) 

I 
Normal 143 

Test 207 

II Upset 172 

III Emergency 258 

IV Faulted 430 

Event Categories 

e.g. Stainless steel 1.4306/304L pipes 

Internal process pipes 

Vacuum jacket 

Building/structure 

Internal supports Cryoline 

External supports, 

EPs 

Load transfer path Y 

λ factors 

Y 

W 


