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1 INTRODUCTION

The most characteristic feature of progressive material deterioration in
creep conditions is its time-dependence.
In structures this process comprises of three stages:
1. Incubation of a macroscopic defect at the time of First Crack
Appearance (FCA),
2. Propagation of a macro-crack throughout the structural member at the
Time of Member Failure (TMF),
3. Propagation of failure of consecutive structure’s members, leading
to the Final Structure Collapse (FSC),
Corresponding times will be denoted as t1 , t2 and t3 , respectively.

The importance of a full analysis of a structure which comprises all above
stages has been demonstrated in papers [1][2]1[3]. Depending on many factors,
like material properties, loading and supports, the ratio of t1/t2 and tz/t3

may vary significantly, and thus exhibiting a safety margin connected with
damage propagation throughout the structure. However, the full analysis
becomes very sofisticated since creép and damage evolutions law are
often nonlinear ones, and analysis should include changing geometry of a
structure. Therefore in [4] analysis for plates were limited only to
evaluation of t1/t2' Here, the full analysis will be performed for

truss-like structures which consists of structural members subjected only to
tension and compression. In such structures t1 and t2 coincide as damage

develops uniformly under tension, and the evaluation of t3 becomes less

troublesome. The main goal of this paper will be then the evaluation of
t1/t3 for sample structures.

2 PROBLEM GOVERNING EQUATIONS

The nonstationary creep theory described by the following set of
constitutive equation will be used throughout of the paper:

e=¢e° +¢° (1)

e==s (2)
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(m+1)ae:/at =L [si/(l—wi)]n (3)
(m+1)awi/at = [si/(l-wi)]m (4)
where L is a dimensionless material constant, and ei , si and w

(0 = wl =< 1) denote dimensionless strain, stress and damage in i~member

of truss, T stands for dimensionless time, and m and n are material
constants.

Superscripts e and c refer to elastic and creep strain components,
respectively. Equation (3) represents steady state theory of nonlinear
creep coupled with damage, which growth is given by Eq.(4). By decomposition
of strain into elastic and creep one the transient stress distribution is
described from elastic to the current one. Thus, time integration and
stability of solution becomes an important issues.

As analytical solutions are not available, the FEM was used, with Euler’s
time integration procedure. The stability of solution is obtained by the use
of time stepping according to Cormeau [5]. Fracture of first truss member is
considered as t1, and corresponds to the FCA definition given above. The

calculations are terminated when truss becomes kinematically unstable due to
elimination of sufficient number of fractured bars at time t3.

3 EXAMPLES AND ANALYSIS OF RESULTS

Two types of structures were chosen to study the influence of structure’s
geometry and loading upon t1/t3ratio : one-level continuous truss under two

different loading (Fig.la and 1b) and multi-level truss under concentrated

force (Fig.1c).
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Fig.1.Truss types A, B, and C
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Dotted lines in trusses A and B denote any number of segments up to k. The
cross section area for all bars was assumed to be the same, and material
constants were chosen as follows: L=7.5, n=3, m=2 .

Truss A. The process of structure progressive failure is shown in Fig.2a
for k=1 (one degree of redundancy) and Fig.2b (for k>1). In the latter case
the failure mechanism is independent of k, and truss collapses by a local
mechanism. The sequences of gradual failure are indicated by consecutive
numbers 1, 2, 3. The values of times t1 and t3, as well as ratio tl/tafor

k=1,2...7 are given in Table 1.

Table 1. Times to failure for truss type A
k 1 2 3 4 5 5] 7
t1 24.556 | 26.726 25.01 23.821 22.992 22.383 21.923
t3 26.951 27.841 26.579 | 25.736 | 25.161 24.744 | 24.43
t1\t 0.9111 0.9599 0.941 0.9256 | 0.9138 0.9046 0.8974

Fig.2. Failure modes for truss type A

Truss B. Again, there are different failure modes for k=2 and k>2 as shown
in Fig.3a and 3b, respectively. Corresponding values of times tland tsand

t1/t3 for k=2,3...7 are given in Table 2.

Table 2. Times to failure for truss type B

k 2 3 4 5 6 7

t1 119.35 | 43.498 | 29.282 | 23.825 | 20.969 19.221
t3 119.72 | 51.255 | 36.599 | 30.62 27.397 | 25.39
t1/t3- 0.9969 | 0.8487 | 0.8001 0.7781 0.7654 | 0.757
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Fig.3. Failure modes for truss type B

In Fig.4 the ratios 1:,1/t3 for both trusses are shown as a function

of redundancy k. It is seen that truss B (o) is more sensitive to k than
truss A (+). The latter exhibits also a sudden change in failure mode as
reflected by initial part of corresponding curve.
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Fig.4. Ratio t1/t3 as a function of redundancy k for trusses A (+) and B (o)

Truss C. This truss exhibits a pronounced period of failure propagation
Though the failure mode is of local character (only 6 bars were broken
despite of structure redundancy degree 13), the time consumed for fajilure
propagation is approximately equal to that of failure initiation (t1/t3 =

0.453). The consecutive stages of this process are shown in Fig.S5a-f, where
fractured bars are indicated by dotted lines.
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Fig.5. Failure stages for truss C
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4 CONCLUSIONS

1. The failure propagation in analysed structures appeared to be very
sensitive to structures’ geometry and loading.

2. The time ratio t1/t3 depends on redundancy k (higher the redundancy
lower the ratio), but structures collapse by local mechanisms. These

mechanisms can be different depending on k.

3. More decisive than redundancy is an overall configuration of loads and
structure geometry (c.f. trusses A and B), because of different mechanism of
final failure.

4. So far, no general conclusion can be drawn, but the whole analysis
resembles that of limit analysis for structures made of ideally plastic or
elastic-plastic materials. Nevertheless it is evident that full analysis of
structures in creep conditions can significantly enhance the structures
life-time expectation.
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