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Parallel and series connections of decisive elements 

Parallel models match the structures which fail after all their decisive 

elements are disabled. A simple physical model is a bundle of parallel elements at 

tension. After the resistance of the decisive elements is exhausted, they still work 

(e.g. plastic hinges in bar elements), re-distributing cross-sectional forces along 

the system members. Their equilibrium paths exhibit a horizontal, plastic phase. 

Examples are illustrated in figures. 
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The first case is a statically indeterminate beam. Failure means yield at two 

cross-sections, so they are decisive elements, the only mechanism involves both 

elements, so l = 2. The next two cases show systems of a greater number of 

decisive elements (cross-sectional yield) forming the only mechanism, they are l = 

3 and l = 10, respectively. A single mechanism of l > 1 decisive elements is a 

parallel reliability model  - structural failure means failure of all components. The 

figures denote a single kinematic mechanism of a number of decisive elements 

greater than one. The problem is much more complex in the case of multiple, non-

separable mechanisms. 
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MKZ – minimal set of decisive elements (Polish abbreviation), 

in fact a mechanism 
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Conjugate action of component resistances of parallel systems is shown 

below. Ordinates denote the ratio (5) while abscissas - the number of decisive 

elements n, in logarithmic scale. The curves correspond to the coefficients of 

variation v = 0,06; 0,10; 0,20. 
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Problem.  

A steel I200 section frame is shown below. Cross-sectional moment resistance 

is given its mean value 81.0N kNm=  and standard deviation  

sN = 9,26 kNm.  

Estimate design resistance of a decisive 

element (single plastic hinge) due to a 

significance level p(t) = p(3) = 0,99865 
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Series connections of minimum critical sets of decisive elements 

Series connections of critical sets, every set is a parallel bundle of decisive 

elements - a mixed reliability model. The idea is presented below 

 
A chain (series system) whose links are bundles of elements (parallel),  

all decisive elements in a single mechanism are parallel. 
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Models of critical sets including common elements 

This case covers decisive elements common in system mechanisms. Thus the 

minimum critical sets of elements (Polish - MKZi) are parallel. 
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A continuous beam exhibits the following mechanisms - MKZ1 (critical set 1) 

involving elements (hinges) 1, 2 i 3; - MKZ2 (critical set 2) involving elements 

(hinges) 3, 4. Both mechanisms MKZ1 and MKZ2 include a common decisive 

element – a hinge at the middle support (element 3). 
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The framed structure 

shows three critical sets of 

elements.  

The common element  

in every mechanism  

is a hinge 3. 
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