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1. Introduction: 
- Muon System Mechanics



2. Support Structure In the Pool
(4 side +   bottom) (W.L. Wang)



Fixation of frame on the wall and floor



Tyvek Assembly Unit (TAU)

Mechanically clamped avoid gluingStainless steel sheet (0.5mm thick)

Tyvek sheet

Stainless steel rivet 



Main beam of the 
support structure

M5

The TAU easy to 
be mounted and 
disassembled 

One Option to Mount the TAU

Tyvek film, 4 side
reinforced 

Strip

Screw hole 

Another option?



Tyvek tighten unit

The “L” steel is 50mm x 32mm x 3mm. Other shape, like use 20 mm 
square steel (thickness 2mm), will save steel, but is it strong enough for the 
inner support structure? 



Support structure in pool (X. Liu)

1.  One layer of PMT



2.  two layers of PMT

PMT



PMT arrangement on side wall in 
pool

Put PMT in a grid shape structure will be able to allow inner zone 
and outer zone have same density of PMTs



Mechanical Structure Cost in the Pool
-- Structure frame only

64273kyCost
32136KyRaw steel Cost
9584074mSteel length�

�

1 layer PMT2 layer PMTUnit

Outer zone: Square shape steel: 20X20X2 mm, Steel: 1.5 t, Cost: 67.5 
ky, Production: 54 ky, Total: 121.5 ky
Inner zone: “L” Steel: 50X32X3 mm, Steel: 1.08 t, Cost: 48.6 ky, 
Production: 38 ky, Total: 86.6 ky
3 Pool: ~ 200 ky (near site) X 3.4 = 680 ky

Estimation 1 (W.L. Wang, assemble in the pool):

Estimation 2 (X. Liu, soldering in the pool):

More investigations are needed. Fixation in the pool, Tyvek film fixation 
also have to include. We also need to balance how to transport? Where to 
assemble it? Soldering in factory or locally?



3. Support Structure on top
- Option 1: RPC Support



Design A: Flat top





Max. deformation under full loading :109mm. Max.Stress: 
97MPa.  (Deformation can be corrected?)





RPC Plane

Water in the pool



If large support structures can’t be welded in the hall 
due to the limitation of the space, it can be realized by 
cutting it in a few smaller parts as following :

Change width to :3-4m.
Then connect them as a 
whole by welding or 
bolted joint.



Basic Calculation and Selection of the structural steel – specs of I beams 

Max.deformation

Max. stress

Volume of steel

According to the comparison of the beams listed above, based on the 
calculation of stress, deformation and volume of material to be used. 
The I beam of spec HM300x200 looks to be good to fabricate the main 
structure in current design. 

span
Simple beam



44.6041430130094512HW300X300

34.17282542130072412HW250X250

23.8365068130050512HW200X200

37.61841329130079712HM350X250

27.04562243130057312HM300X200

21.243863130045012HM200x175

15.10477103130032012HM200x150

Weight(t)
(1m space)

Max.  Defor. 
(mm)

Max. 
Stress(Mpa)

Loading
(N/m)

Weight
(N/m)Span(m)Steel Type

Near Site can use smaller I-beam to reduce weight?



Design B:  Support bridge of top RPC

RPC



The wheel



The drive mechanism (can be a manual one?)



Material: Common Structural carbon steel (Q235 or Q345), 
Design A: Gross weight: 14x2= 28 ton –far hall, 

cost: 28 x 2.4(2 near + far) x 12kyuan/t = 806 kyuan
- just main structure, other accessories, e.g., specific parts 

for mounting of RPC,wheels,rails,etc are not included.
Flat top (No dead space), deformation is big (deformation can be

corrected?), weight is a little more
Design B: Gross weight: 17 t (estimation) –near hall, 

cost: 17 x 3.4(2 near + far) x 12kyuan/t = 694 kyuan
With some dead space, deformation is small (a few mm), weight is
less

RPC Support Note:

-In addition, FEA analysis is needed and  to be finished in next step if it is 
decided that such a structure is really feasible to the experiment. Based on 
that, the detailed and optimized structure with more accurate cost estimate 
will be available. 



10.6m

16m

3. Support Structure on top
- Option 2: Water Cerenkov based
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Leaving this distance 
to guarantee the tyvek
plane is immerged in 
water—Tyvek is 
190mm lower than the 
top of the pool . 

Water level

Tyvek plane

Support plane



Lifting eyes



Supporting structure for PMT and Tyvek
-for near hall with the pool:10mx16mx10m

Basic Calculation and comparison of different specs of structural steel-I beams

Use as the main beam of the frame structure.

Defor.Stressspan
Simple beam



Material :stainless steel 304

Weight: 4.6-5.5 ton/one half – near hall

One near hall 5.5x2=11 ton

Cost estimate : 770 kyuan (just for frame structure without any 
accessories), for 3 site: 770÷ 0.7+770 ×2=2,640 KYuan

-In this design, the main frame structure is more likely to be welded 
as a whole body in the hall, if that is difficult, we can think instead of 
2 halves we can have 4 pieces so that can be moved in through 
tunnel. (but still how to move from factory to DYB?).

-For detailed and optimized structure with more accurate cost 
estimate, FEA analysis is necessary. Still rooms to reduce the 
weight?

Note:



4. Summary
• We have the idea what the support structure in the pool, 

optimization of the detail are needed, detail technique 
design are needed;

• Flat top RPC support looks good for RPC support, the 
weight is not very much different, cost saving room is not 
significant. Deformation can be pre-corrected? Can we 
use manual driving system?

• Water Cerenkov based top support design looks good, 
still rooms to reduce weight?

• Next step, combine the design and production with one 
contract?


