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RELIABILITY ANALYSIS OF IMPERFECT STRUCTURAL SYSTEMS
CONSIDERING STRENGTH AND STIFFNESS

“AN Wei-guang , ZHAO Wei-tao , YAN Xin-chi

(Department of Aerospace Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: Based on structural strength reliability theory, a reliability analysis method of strength and stiffness of
imperfect structures is proposed. The imperfect structure is defined as structure with partial element failure which
does not yield a collapse mechanism and still has load bearing capability. This method considers the influence of
failure elements on the reliability of imperfect structural strength or stiffness and gives equivalent safe margins.
Therefore, the total failure probabilities of structural systems can be calculated at each failure state. A numerical
example is studied. It is shown that such analysis is suitable for real reliability cases at each service state and the
results are instructive for safety of structures in service.
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Fig.1 Plane truss structures
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Table 1 Failure paths and safe margins at each failure state

Mg = Rg — 0.71567P

Mlo(g) = Rlo + 010355R8 - 070711P

M7(8,10) = R7 + R8 _14142P

M 3(810) = R3 +0'70711R8 —-2P

G =52 -0.724336x107* P

Gy =0 —0.921379x107*P +
0.27532 x10™* Ry

Gy =0 —1.13856x107* P +
0.3071x10~*Rg +0.3071x107* Ry,
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2
Table 2 System failure probabilities of strength and stiffness at each failure state
P(M7g10) < 0N Mjgg <0NMg <0) | Mf =0.272Z, +0.06Z, +0.523Z; —0.805Z, + 4.439
P(Mg(g10) < 0MMyg) <0MNMg <0)| MS =0.272Z, +0.06Z, +0.523Z, —0.805Z; + 4.439
P(M3g10) <ONMygg <ONMg <0) | M =0,1217, +0.06Z, +0.654Z; —0.7447, + 4808 | **°°%
P(Gs <0) M = —Z +4.204
P(M7@g10) <0NMjgg <0/Mg <0) | ME =-0.027Z, —0.08Z, —0.757Z; — 0.646Z, +3.754
P(Mgg10) <0NMygg <0/Mg <0) | M¢ =-0.027Z, —0.08Z, —0.757Z, —0.646Z +3.754
P(Mag10) <ONMygg <0/Mg <0) | ME =0.1427, ~0.078, - 0.844Z; +0.51275 +4.176 |-
P(Gs(g) < 0/Mg <0) M¢ = 0.257Z, —0.967Z; + 2.854
P(M7g10) <0/Mygg <OMMg<0) | M¢ = -0.08, +0.401Z,, —0.827Z, +0.385Z, +1.405
P(Mg(g10) <0/Myggy <ONMg<0) | Mg, =-0.08Z, +0.401Z, —0.827Z, +0.385Z, +1.405
P(Myg10) <0/Migg) SONMg <0) | ME =0.002Z, +0.322Z, - 0.9Z5 +0.295Z¢ + 2.171 | 2=
P(Gsg10) < 0/Mygg) <ONMg <0) | Mf, =0.092Z, +0.494Z, —0.865Z; +1.824
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