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Abstract  Objective Underground laboratories are recognized as critical infrastructure for cutting-edge physical research. To
support ultradow radiation background experiments required for national strategic scientific programs including dark matter
detection and neutrino studies the world” s largest polyethylene shielding cabin has been successfully constructed in the China
Jinping Underground Laboratory Phase II.  Methods Key construction technologies are systematically elaborated with a novel
design method ology being proposed for large-scale polyethylene shielding cabins under spatially constrained underground
conditions. Customized seamless joint configurations are innovatively developed for critical cabin components while deformation
and strength characteristics of polyethylene plates are quantitatively evaluated through finite element simulations. Modular
assembly protocols optimized for confined construction spaces are comprehensively documented. Results Experimental results
indicate that polyethylene plate deformations induced by self-weight stress are controlled within machining tolerances with
cumulative vertical shrinkage deformation measured at 3.0 mm. Maximum stress values in individual polyethylene plates are
determined as 87.20 kPa satisfying both structural stability criteria and assembly precision requirements. Post-construction
radiation monitoring reveals the gamma background within the shielded zone is reduced by a factor of 31 compared to external
levels outperforming shielding efficiencies reported from leading international underground facilities.  Conclusion The assembly
structure design of the large polyethylene shielding cabin is scientifically reasonable the mechanical state of the polyethylene
assembly board is stable the construction quality is well controlled and the radiation shielding effect has reached world-class
level. This technological achievement provides method ological references for ultradow radiation environment construction and
modular engineering implementation in geologically constrained underground spaces.

Keywords: China Jinping Underground Laboratory; large polyethylene shielded cabin; assembled type; stress strain simulation;

construction technology; influencing factors; deformation; low radiation background environment

1-2 . 18-20
Gran Sasso SR SNOLAB MR A
Modane SN Kamioka 6 Gran Sasso XENON
[ Soudan
( ) CoGENT
2 400 m
17.5 km N .
( CJPL  China Jinping ( CJPL-II) C2

Underground Laboratory)

( CJPL-IT) 8 30
m3
12-14
15-17
198 ( ) 57 2026 2



/1

1 25

Fig. 1 Layout diagram of underground laboratory in Jinping Il
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BIM( Building Information Modeling)

2 (GB/T 11115—2009)
Fig. 2 Design model of steel structure and polyethylene =1 mm
plate for polyethylene shielded cabin 2.1
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Fig. 3 Overall layout of polyethylene shielded cabin
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Fig. 4 Unified standard for staggered seams of polyethylene shielding cabin panels ( bottom and top panels)
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Fig. 5 Unified standard for staggered seams of polyethylene shielding cabin panels (‘wall)
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Fig. 6 Schematic diagram of local connection position of polyethylene shielding compartment board
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Fig. 7 Treatment of steel column nodes in polyethylene shielded cabin bottom plate

8
Fig. 8 Design model of polyethylene electric sliding door
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Table 1 Representative single board information of polyethylene shielded cabin

/ ( X X ) /mm / /kg

1 NJ-01-01-05 3 000x1 800x100 193 588.27
1 NJ-02-01-06 4 000x1 200x100 200 522.85
2 NJ-02-01-09 4 000x2 000x100 199 871. 65
1 NJ-03-02-01 2 000x250x100 10 622 54.35
2 NJ-03-02-36 2 125%250x100 376 57.75
3 NJ-03-02-19 1 550%200x100 118 33.76
4 NJ-03-02-03 2 100x250x100 94 57.06
5 NJ-03-02-15 2 200%x250x100 94 59. 80
6 NJ-03-02-17 2 300%x250x100 82 62.52
7 NJ-03-01-04 2 000x250x75 67 40.72
8 NJ-03-02-14 2 740%x250x100 54 74.51
9 NJ-03-02-16 2 640x250x100 54 71.79
10 NJ-03-02-18 2 540%x250x 100 54 69. 05
11 NJ-03-03-31 2 515%250%100 54 68. 38
12 NJ-03-0332 2 390%x250x100 54 64. 96
13 NJ-03-01-01 2 000%250%50 53 27.11
14 NJ-03-02-12 2 840%x250x 100 53 77.24
15 53 1 000x180x%100 50 20. 00

A
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Fig. 9 Schematic diagram of model mesh division
3.2 NJ-03-02-01

XY VA
10 o
2 o
2
Table 2 Polyethylene physical property parameters table
/kg * m™ /MPa
1. 085x10° 2 000 0.3
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Fig. 10 Schematic diagram of finite element model constraints
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11 NJ-03-02-01
Fig. 11 Stress and deformation state of NJ-03-02-01 polyethylene veneer

12

Fig. 12 The deformation and maximum stress of polyethylene in three directions vary with the height of the upper wall

13 o Cs. Co
3
0. 37 mm 0. 043 mm, o
3 o
° 3
3 mm. Table 3  Natural radioactive nuclide activity in the surrounding
87.20 kPa rock of Jinping Underground Laboratory
/keV /Bq * kg™!

Ra-226 186. 11 16.7+2.0
° Ac228 295.21 10.9+1.2
4 Pb-214 351.92 10.4+1. 1
Ac228 609. 32 10.5+1.1
4.1 Pb-214 1120. 29 10.5+1.3
Bi214 1764. 49 11.5+1. 4
Bi214 209.3 0.1+0.1
Ac228 338.3 0.4+0.1
R Ac228 583.2 1.6+0.3
Bi-214 911.6 1.2+0.2
Ra-226. K40 K40 969. 1 1.10.2
T1-208 2614.5 0.8+0.2
=32 TI208 1 460.7 28.7+3.3
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Fig. 13 Deformation of representative veneers in all directions under the maximum upper self weight load
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Fig. 14  Construction morphology of segmented polyethylene shielding cabin
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Fig. 15  Construction process of polyethylene shielding cabin
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Fig. 16 Transportation assembly and inspection of polyethylene sheets
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18
Fig. 18 Completed appearance of polyethylene shielding cabin

4
Table 4  In-situ measurement results in different underground laboratories internationally
/m /keV /cps

Gran Sasso ** ( ) 1 400 35~3 000 69.5
Modane * ( ) 1 700 7~2 734 79
Boulby ¢ ( ) 1 100 7~2 734 24
Sanford ¥ () 1 500 0~3 300 596~1 335
SNOLAB 3# ( ) 2 100 0~3 300 92.5
CJPL-II ( C2 3 2 400 60~2 700 69.9
CJPL-II ( C2 3 2 400 60~2 700 2.2

19

Fig. 19  Comparison of in-situ measurement results in different underground laboratories internationally
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