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Study on physical-mechanical and sealing.performance of flexible polymer mortar
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Abstract: Sealing technology is crucial in developing compressed air energy storage (CAES) man-made cavern power plants,
and the selection of sealing materials is paramount. To Verify the feasibility of polyurethane polymer mortar (PPM) as a sealing
material for CAES man-made cavern, experiments on gas permeability and mechanical properties were conducted on PPM.
Additionally, numerical simulations™using FLAC3D were performed to analyze the PPM sealing layer's structural stress
characteristics and leakage rate/THe réstltsindicate that PPM has excellent gas-tightness performance, with gas permeability on
the order of 102-10-?2 m?, which satisfies the sealing requirements of the CAES sealing layer. PPM has excellent tensile properties,
low elastic modulus, high deformation capacity, and self-bonding ability with concrete. When the PPM intrinsic permeability is
107" m?, the leakage rate ofi\the man-made cavern is 0.215%, which meets the permissible air quality leakage rate requirement
within one day.,Due t0 the low elastic modulus of PPM, the calculated hoop stresses of the PPM sealing layer are all compressive
stresses, and the maximum hoop tensile strain is only 1.15%-1.20%, which is much smaller than its ultimate tensile strain, thus
avoiding tensile failure of the sealing layer. Therefore, PPM can meet the requirements of CAES sealing material in terms of gas
permeability and mechanical index.

Key words: polyurethane polymer mortar; sealing performance; strength and deformation performance; man-made caverns;

compressed air energy storage
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Fig. 1 Particle size distribution of bentonite
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Table 1 Conerete preportions and mechanical properties

o 7K wHb A K Lk
v (kg/m® )’ (kg/m3)  (kg/m®)  (kg/m®)  [E(MPa)
VL 450 694 1018 225 39.16
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Fig. 2 Specimen size and shape
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Table 2 PPM proportions
o A#WSY B4 it Yiiwd Hfh
Vs 3
(kg/m¥)  (kg/m)  (kg/m®)  (kg/m?)  (kg/m?)
PPM  153.66 307.32 46098  322.68 64537
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Table 3 Mechanical preperties test programs
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Table 4 Intrinsic permeability of concrete

S P Nide S A
(><10'17m2) (><10'17m2)

W15 1.357

Rt 2 5 1.806 1.769

Rt 35 2.145
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Fig. 7 PPM uniaxial tensile stress-strain curve
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Table 5 PPM tensile properties
Ji RS ot (MPa) & (%)
T-1 2.51 20.53
T-2 2.50 20.50
T-3 2.33 20.12
FIME 245 20.38
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Table 6 PPM elastic modulus
TEMART  ou(MPa) et (%) Ei (MPa)
T-1 0.69 1.50 46.00
T-2 1.04 3.00 34.67
T3 0.92 2.50 36.80

A 0.88 2.33 39.16
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Table 7 PPM/Concrete interface shear properties

ES R m (MPa) Sm (mm)
I-1 1.29 433
I-2 1.21 2.40
I3 1.33 5.33
“FHME 1.28 4.02
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Fig. 13 Leakage calculation model and boundary conditions
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Table 8 Leakage calculation parameters
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Table 9 Calculation parameters

o E c 0] P ot
(GPa) MPa)  (©) (kg/m®)  (MPa)
[ & 9.0 0.28 0.75 44 2670 0.78
A 30.0 0.17 3.08 54.9 2500 2.16
G
0.039 0.30 1.0 10 1890 2.45
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Table 10 PPM/Concrete contact surface parameters
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Fig. 20 Hoop stress of PPM
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Fig. 23 Shear stress of PPM/Concrete interface
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