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A method for evaluating safety of civil air defense structure based on load
structure method and strength reduction method

CAO Jia-qi', WANG Hong-xin>, WANG Ping?, SUN De-an'
(1. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China;
2. Shanghai Urban Construction Municipal Engineering (Group) Co. Ltd., Shanghai 200065, China)

Abstract: Scientific and effective safety assessment of existing civil air defense structures has become a key issue to ensure urban
underground safety. In order to overcome the shortcomings of the existing safety evaluation methods, a safety evaluation method
based on load structure method and strength reduction method is proposed. First, the load structure method is used to convert the
impact of surrounding soils on the tunnel lining into load and foundation spring. The concrete damage plastic (CDP) model is used to
simulate the damage of lining structure, and the value of safety factor (K1) of lining is obtained by load increasing method and
stiffness reduction method. Meanwhile, the finite element modeling analysis of soil lining is carried out by using the strength
reduction method, and the safety factor value (K2) of the structure or soil mass at failure is obtained. The overall safety factor (K) of
the structure is the smaller value of both. Finally, the influence of different factors such as crack condition and water level change on
the structural safety factor is analyzed by using the above methods. The results show that the load structure method and strength
reduction method can be used for evaluating the safety of civil air defense structures. The safety factor of the structure is mainly
affected by cracks and water level. The deeper the crack is, the more unfavorable it is to the structure, and the lower the safety level of
the structure is. When the underground water level is above the structure bottom and there is water seepage inside the structure, the
higher the water level is, the safer the structure is. When there is no water seepage inside the structure, the higher the water level is,
the lower the safety factor of the structure is. The quantitative evaluation of structures is conducive to the subsequent disposal, and the
research results provide a new way for the safety assessment of underground structures.
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Fig.1 Schematic diagram of load structure method
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Fig.2 Schematic diagram of load increasing method
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Fig.5 Flow chart of strength reduction method
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Fig.8 Calculation model of load-structure method
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Table 1 Calculation parameters of concrete materials
PURMEZ  JEgpERAE  RIES SRR PN TR

/MPa % iR /MPa 1% VISR
15.45 0 0 2.010 0 0
18.48 0.015 1 0.065 0.660 0.0350 0.359
19.93 0.037 6 0.137 0.419 0.064 7 0.620
20.10 0.0515 0.178 0.319 0.093 7 0.756
19.61 0.083 3 0.264 0.226 0.1513 0.876
15.88 0.1893 0.501 0.180 0.208 7 0.924
12.49 0.2937 0.665 0.152 0.266 0 0.949
10.07 0.393 4 0.767 0.130 03327 0.964
7.50 05528 0.861

4.89 0.899 5 0.939

#2 CDP BB
Table 2 CDP model parameters
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Fig.9 Finite element model with strength reduction
method
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Table 3 Constitutive model parameters of concrete at early stage after completion of construction

7/(KN * m™) Epg/kPa v Jeas/kPa Jeon Jem Jeun Geas/(KN * m™)
27 2.8x107 0.16 3.0x10* 0.25 0.1 0.1 50
Omax/(*) i) Ye Jias/kPa Jun Gios/(KN « m™) W
40 5 1 3000 1 0.08 1

A TR 5 53 HINTHRE T AL & R )
EFRARA/ N AR i AL A Y (hardening soil model with
small-strain stiffness, &#% HSS #4) IS4
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Table 4 Physico-mechanical parameters of soil layers
R R KR LB FMEH WEE

Bl

SR

4 SIHrEERE VR
AW B ND TR IR, IR 45

/m  fgeem3) /% /kPa  F/(°)
® WHF+ 8.2 1.91 12.7 0.60 68 32.23 *@g%}ﬁ—l:‘ls%’ %Bﬁ{ﬁﬁtﬂfmu%%’ ‘@ﬁéﬁfﬁéﬁiT
@ @ 11 1.72 53 063 18 3250 ARk, M iZ N T AEAS R B B AN T8 1 224,
® w;;u 8.6 1.91 127 0.60 68 3223 T SRR 2051 b B o {2
@ Wt 28 1.80 6.9  0.56 59 3088
® W 1.8 1.53 6.8 087 0 37.00 4.1 TREELMRZAL
©® WHLE 176 1.94 203 0.69 69 3030 ANBTLRAEA 1 C30 RkEL, BARAITUE
£5 #HELTMk HSS BHEISH
Table S HSS model parameters for each soil layer
25 Ko EX /MPa EX' /MPa E*" /MPa Gy IMPa %./1074 m Ry wi®)
) 0.47 11.43 11.43 91.43 91.43 13 0.8 0.9 2.23
® 0.46 10.80 10.80 86.40 86.40 13 0.7 0.9 2.50
® 0.47 11.43 11.43 91.43 91.43 13 0.8 0.9 2.23
@ 0.49 10.40 10.40 83.20 83.20 13 0.7 0.9 0.88
® 0.40 15.39 15.39 123.10 123.10 13 0.7 0.9 7.00
® 0.50 12.07 12.07 96.57 96.57 13 0.8 0.9 0.30
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Table 6 Constitutive model parameters of concrete after aging
7/(KN » m™) Exg/kPa v Jeas/kPa JSeon Jetn Seun Geos/(kN = m™)
27 2.3x107 0.16 2.5%10% 0.25 0.1 0.1 41
Pnard (*) yiC) e Jias/kPa S Guog/(kN * m™) M
40 5 1 2500 1 0.06 1

AT ELLE 22 4 R BUIR EE R 7 o,
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KT BERAIM AR XM TR ERE
Table 7 Safety factors at the initial stage of construction
and at present without defects
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Fig.15 Schematic diagram of crack location
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Table 8 Safety factors of lining with crack

) y LT HLfE HER
TERM — — - — = —
W (Sem) o (15em) ¥ (25cm) W GSem) 1 5em) F Q25em) ¥ (Sem) HF (15em) I (25cm)
K 1.384 1.186 1.020 1.502 1.365 1.046 1.505 1.405 1.378
K, 1.632 1.193 1.061 1.586 1.225 1.020 1.638 1.603 1.561
K 1.384 1.186 1.020 1.502 1.225 1.020 1.505 1.405 1.378

A NP TRERGETT i X B i) 2 4 R A5 45
RANK 9 o, KBy X B R i) 2 4 R 8 K<1.5,

B AT ITIIWIRIRES,  BCREH A IR P51 ARl
TAREECHEAT 0 [ Ab 2
x99 PRAXBEZERH
Table 9 Safety factors of different sections
X B Z44% 96 1% /mm BERWK
K0+278~KO0+285 2.26 1.22
K0+307~KO0+313 0.78 1.60
K0+253~KO0+313 5.46 1.10
K1+639~K1+648 1.86 1.43
K1+695~K1+704 2.46 1.27
K1+700~K1+713 2.82 1.10
K1+791~K1+794 1.92 1.42
K1+791~K1+799 2.24 1.31
K2+007~K2+019 1.46 1.48
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