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1) There was much discussion about the warm membrane transferring load to the I-beam 
structure. There are clamps used to assure fit. The engineers were also commenting on dealing 
with weld shrinkage. During assembly of the warm liner, it will be possible to make adjustment 
for shrinkage. In the discussion about assembly, please include discussion of order of welds and 
how the final welds in the system account for that last bit of shrinkage. That would just be to 
make sure the last part of liner fits well to the balance of structure for load transfer.

2) A possible weakness in the design is the non-attachment of the warm membrane to the outer 
big beams. They made a point to say that there was no connection. I saw they are only 
attached by clamps in a few places for welding. Before the warm membrane becomes a full 
box that is self supporting, it could collapse inward. Especially the warm membrane at the 
top. How does that stay up?

3) What is the plan for qualifying the welds on the internal cold membrane, e.g. die penetrant, 
radiography, etc.

4) Do specifications exist for the warm structure welds?
5) Can you provide the document that cross references Eurocode 3 with AISC 360? This may be 

needed for the peer review and for the review by the South Dakota PE.
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1)   There was much discussion about the warm membrane transferring load to the I-beam structure. There are 

clamps used to assure fit. The engineers were also commenting on dealing with weld shrinkage. During assembly of 

the warm liner, it will be possible to make adjustment for shrinkage. In the discussion about assembly, please include 

discussion of order of welds and how the final welds in the system account for that last bit of shrinkage. That would 

just be to make sure the last part of liner fits well to the balance of structure for load transfer.

The welding procedure will be qualified. Based on this qualification test, the 

shrinkage will be assessed and the size of the panels will be determined 

accordingly. 

The size of the panel will include some extra-length needed to accommodate 

the shrinkage. It is recalled that the installation is a step-by-step procedure 

during which any corrective measure can be taken at each step.For example a 

larger gap for welding between panels may be envisaged (and welds qualified 

beforehand) in order to compensate progressively for shrinkage.  

This procedure will anyhow be integral part of the work to be established by 

the manufacturing company.
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2) A possible weakness in the design is the non-attachment of the warm membrane to the outer big beams. They 

made a point to say that there was no connection. I saw they are only attached by clamps in a few places for 

welding. Before the warm membrane becomes a full box that is self supporting, it could collapse 

inward. Especially the warm membrane at the top. How does that stay up?

The clamps have been designed (both for the walls and for the roof) 

to take the weight of the membrane panels (including insulation) 

and will be present during the entire life cycle: from installation 

(including welding) up to operation. Consequently, the clamps will 

prevent at any time the inward collapse of the membrane.
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3) What is the plan for qualifying the welds on the internal cold membrane, e.g. die penetrant, radiography, etc.

A) The assembly firm, by contract will perform there standard weld QC: die 

penetrants, tests of leaks with vacuum bags at the 10-6mbar/l*s

B) We (CERN, LBNF) will perform our own leak checks:

- He in the insulation volume +50mbar

- vacuum boxes on the welds, attached to a mass spectrometer 

sniffer

goal: 10-9mbar/l*s

We have done this for the WA105 first cryostat and we will do the same for 

protoDUNE

By contract the firm wil repair any problem we will find
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4) Do specifications exist for the warm structure welds?

Yes. They do exist.

The welding requirements are set by CERN inline with EN1090-1 and EN1090-2.

Namely:

Welding plan (§ 7.2 of EN 1090-2:2008)

Qualification of welding procedures (§ 7.4.1 of EN 1090-2:2008) 

Qualification of welding personnel (§ 7.4.2 of EN 1090-2:2008)

Records of inspection of welds

Welding material certificates

They were discussed with the main company in charge of producing the test 

pieces and currently two main documents are developed by them:

Inspection and Test Plan

Welding Book

Where all the specifications, fabrication, examination methods and accepting 

criterias are described in great details. 
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Inspection and Test Plan Welding Book
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Welding Book (extract)
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Inspection and Test Plan (extract)
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5) Can you provide the document that cross references Eurocode 3 with AISC 360? This may be needed for the peer 

review and for the review by the South Dakota PE.

The codes AISC360 and Eurocode 3 are recognized to be equivalent. 

Equivalent means not the same, but same results.

This was clearly stated and agreed in MOU CERN EDMS 1554082: 

« The design of the warm steel supporting structure is performed per the European 

standard for steel structure design and construction EN1993 - EUROCODE 3, which 

is equivalent to U.S. ANSI/AISC 360. “

Also the latest version of FESHM 5031.7: MEMBRANE CRYOSTATS (08.2017) 

refers to this memorandum for the LBNF/DUNE and SBN programs  . 

A cross check have been performed by CERN only on one beam case (see detailed 

attached analysis)

For this specific example the EU code gives a capacity of 1388.2kN and the 

American one 1387.85kN.

Formulas look different but if we analyze them carefully we can see that the same 

aspects (e.g. imperfections, partial safety factors, local stability…) are considered

..
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