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Working mechanism and model test of plugging airbags with different diameter
matching under external pressure

CHEN Jing, YAN Shuwang, SUN Ligiang, LANG Ruiqing

(State Key Laboratory of Hydraulic Engineering Simulation and Safety ( Tianjin University) , Tianjin 300072, China)

Abstract; To study the application of airbags as a temporary plugging device in the tunnel engineering, the force
analysis model was established to obtain the change law of the inner pressure and shape of the airbag as the external
pressure increases. Two kinds of failure modes and three control conditions that need to be met during normal
operation were obtained, in particular the unique control condition that the external pressure cannot be greater than
the internal pressure. Since the matching degree between the airbag diameter and the tunnel directly affect the
sealing effect, it is important to determine the allowable error range of the airbag diameter in the engineering design.
Then the model tests were carried with three airbags with different matching degree. The deformation, internal and
control conditions of the failure limit state were obtained. The results show that the airbag with the smallest deviation
has the best sealability and the deformation and failure modes of the airbag are in good agreement with the
theoretical formula. The airbag with a larger diameter has wrinkles, but the blocking effect and failure mode are
similar to those with a moderate diameter. The smaller diameter of the airbag, due to a part of the internal pressure
to offset the tension, has smaller maximum static friction resistance and it tends to slide under the external pressure.
The allowable error of the airbag diameter is proposed, providing the basis for airbag manufacturing process.

Keywords : tunnel plugging; matching degree of airbags; uniform and trapezoidal pressure; failure modes; model test
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Fig.1 The initial shape profile of the airbag in the tunnel
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Fig.2 Force analysis of airbag under uniform load
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Fig.3  Profile of airbag under uniform load
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Fig.5 Force analysis of airbag under trapezoidal load
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Fig.6 Limit profile of airbag under trapezoidal load
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Tab.1 The sizes of three airbags
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Fig.7 Test device of airbag for blocking air and water
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Fig.8  Deformation process of airbag with moderate diameter
under external air pressure
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Tab.2  Change of shape and internal pressure of the airbag

under air pressure

p/  EEETE KENE e R #Eie )R

kPa  p/kPa pi/kPa Bon/m fFa'/m HHE 6 WG
0 9.800 9.80 0 0.021 3.141  2.932
3.00 9.807 9.83 0.052 0.048 2.426  2.530
6.00 9.858 9.88 0.084 0.081 1.492  1.692
10.01  10.061 10.10 0.099 0.092  0.017  0.087
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Tab. 3 Internal and external pressure of the airbag with

moderate diameter at limit state under air pressure
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kPa kPa T kN BHAI/KN  FEERH
1 9.8 10.1 0.990  1.26 3.93 0.319
2179 18.0 0.994  2.25 7.01 0.321
3200 20.1 0.995  2.51 7.83 0.321
4 315 31.6 0.997  3.96 12.31 0.322
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Fig.9  Deformation process of airbag with moderate diameter
under external water pressure
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Tab. 4 Internal and external pressure of the airbag with

moderate diameter at limit state under water pressure

SR/ WS ANEZ AN ERERE AN/ EeK

wHL
kPa kPa T kN BHAI/KN e EERH
1 10.0 10.1 0.990  1.01 4.19 0.240
2 139 14.0 0.993  1.50 5.81 0.258
3 20.0 20.2 0.990  2.26 8.38 0.270
4 260 26.1 0.996  3.02 10.82 0.279
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Fig. 10 Deformation process of airbag with larger diameter

under external air pressure
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Tab.5 Internal and external pressure of the airbag with larger
diameter at limit state under air pressure

SR/ W/ SMNE/ SN/ RRERE SM/Eck

kPa kPa HNIE kN FHS1/kN  EREEFH S
1 18.0 18.6 0.968  2.26 7.71 0.293
2 204 21.0 0.971  2.56 8.71 0.294
3 227 23.0 0.987  2.85 9.54 0.299
4 289 29.2 0.990  3.63 12.11 0.300
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Deformation process of airbag with larger diameter

Fig. 11
under external water pressure
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Tab.6 Internal and external pressure of the airbag with larger
diameter at limit state under water pressure

SR/ W, ANEZ AN ERERE AN/ EeK

AL
kPa kPa M kN B /kN - FeEERH
1 15.0 15.2 0.987  1.63 6.30 0.259
2 19.8 20.0 0.990  2.24 8.29 0.270
3 239 24.2 0.988  2.75 10.04 0.274
4 277 28.0 0.989  3.23 11.61 0.278
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Deformation process of airbag with smaller diameter

Fig. 12

under external air pressure
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Fig.13  The maximum friction and external force of the airbag in
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the sliding critical state under air pressure
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Fig.14  Deformation process of airbag with smaller diameter
under external water pressure
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Fig.15 The maximum friction and external force of the airbag in
the sliding critical state under water pressure
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