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P6<201;2K Methods of reliability engineering allow to anticipate an efficiency both geode­ 
tic network and single control points throughout the period of its operating. A reliability 
assessment of a predicted survey object behaviour produces data useful in optimisation of 
survey scope. timetable and accuracy. The essentials of reliability approach and procedures 
of finding of operational reliability characteristics have been presented in the paper. The 
presented characteristics include: the failure rate function ,i(/), the reliability function R(I) 
and the random object life F(1). Methods applied in reliability engineering viz. method 
of complete probability and method of evaluation of raw and parallel reliable structures 
have been adopted for survey purposes. Besides the standard ones original methods are also 
presented in the paper. Their concept lies on finding of stability functions and reliability 
characteristics indicated by means of statistical tests referring to density probability of 
predicted displacements. Although the presented theory is of general character the main 
application is focused on levelling networks. 

S/7E30:<K Operational reliability, geodetic control 
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A reliability engineering theory provides effective tools for the evaluation and designing 
of technical structures. The main purpose of reliability analysis is to anticipate a system 
efficiency in the interval < to, tN >, where to is the time of the beginning of planned 
object operation. According to engineering reliability theory an operational reliability is 
defined by a probability that an object fulfils technical requirements. The requirements 
are specified variously. Reliability analysis is usually referred to as a mean time to 
failure (Bartoszewicz et al., 1982). Also a time period in which specified requirements 
are met by the object can be considered. Random features of variables are estimated 
by probability measures. 

The role of the time in reliability engineering is substantial. It differs reliability 
approach in technical structures analysis from geodetic problems. The geodetic relia­ 
bility analysis refers to the completed survey process, and moment to pointed in the 
definition of the operation reliability in the case of geodetic analysis refers to the last 
observation. If U(t) is the condition of geodetic structure, then the probability that 
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Failure rate function (or hazard function) ,,!(!) is strictly related with the functions 
R(t), F(t). The failure rate function shows the probability that the object will be in 
failure condition in the time t. The function ;/(!) by definition (Migdalski, 1992) is 

d 
;/(t) = --[lnR(t)] 

dt 
and after rearranging can also be given as 

(4) 

1 d [ 1 - R (t)] 
;/(!) = ----- 

R (t) dt 

The failure rate function ;/(t) may be determined from the failure probability function 
f(t) 

(5) 

;( (t) = f (t) 
R (t) 

(6) 

where 

d 
f (t) = - [F (t)] 

dt 
(7) 

To solve the reliability problem the one of three above mentioned functions, i.e. 
R(t), F(t) and ;/(t) have to be determined. The functions can be well determined only 
by empiric investigations which verify other similar objects. But in typical reliability 
problems the failure rate function ;/(t) is usually assumed as similar to other cases from 
engineering practice. Furthermore it is very often assumed arbitrarily. For example, 
assuming ,,!(t) = a, according to (4) one gets 

cl 
a=--[lnR(t)] 

dr 

what gives 

R (t) = «=' (8) 

The value of a is determined as a number of defects found in the assumed time 
interval. In the case of levelling network it will be the part of total benchmarks num­ 
ber, which in a defined time unit loses requirements of an operational capacity. Data 
necessary to analyse deformations of control structures are gained from periodically 
repeated surveys. The measurements must be performed in proper statistical conditions 
and must fulfil conditions referring to number and features of examined population, 
period of agents impacting negatively at stability of survey geometrical structure. In 
statistical investigations carried out for reliability analysis it is usually assumed, that 
displacement process of control points is of random character with a determined trend 
and dispersion. Let's notice that completed measurements of geodetic networks are 
carried out very rare. Usually only two points of diagram are known: the initial and 
final ones, an intermediate measurement is given very rare. 
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complete probability. The procedure takes into consideration probabil ities of appear­ 
ance of different classified conditions (Wieczysty, 2001 ). If probability of displacements 
within the limits permitted to sign as p(B), and by p(A) the probabil ity of appearance 
of A; - condition, then the conditional probabili ty, where the event B depends from 
the state A; is by definition determined from the formula 

P(B/A) = P(B n A) 
P(A) 

and the probability of operating of the whole system is determined as follows 

li 

p (B) =Ip (A;). p (B/A;) 
l=l 

(13) 

(14) 

where conditions A 1, A2, ... , A,, determine influences of environmental agents. The 
appearance of permitted displacements in the conditions A; has been signed by p(B/ A1). 

The probabili ty p(B/ A;) can be used as a criterion of serviceabili ty of control structure. 
It is the probabili ty of displacements permitted, when the control network fulfi ls the 
criterion of operational capacity. The best way to assess the probability p(A;) is the 
examination of proper sampling population and to find 

g; 
p(A,) = -,,- 

I, g; 
l=l 

(15) 

The estimation of p(A;) probabili ties is diffi cult due to the scope of geotechnical 
and civil engineering studies which should be taken to collect necessary data. Firstly, 
engineering documentations are dispersed in many archives, secondly and more im­ 
portant is that studies of history of changes in environmental conditions should cover 
long periods, even a few tens of years. 

5. Operational reliabili ty characteristics found by means of statistic tests 
of density of predicted displacement probabili ty 

From the engineering point of view the usability of levell ing benchmarks is the problem 
of unstabili ty of construction foundation in which survey marks are fixed. The problem 
of benchmarks behaviour in the time of predicted exploitation can be treated as the 
interdisciplinary one and analysed by methods used in soil mechanics and foundation 
analysis. Unfortunately this way of predicting deformations and displacements occurs 
to be extremely complicated. The engineering specificity of the deformation problem 
appears from the fact that period of the investigations have to be very long, whereas the 
displacements analysed are very small. Furthermore, displacements which are evaluated 
as very small by civil engineers are of crucial meaning from the geodetic point of view. 
Geotechnical models do not describe correctly the process of displacements in multi - 
years period. The main barrier of this is the lack of data of load history and changes in 
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soil parameters. That is why there is no alternative for empiric approach and assuming 
statistic model of displacement process. 

The choice of prediction method depends on data available. ln the extreme cases 
the process of displacements can be described either by means of geodetic data only 
or mentioned above physical models of soil. In practice as a real one the methods 
combining different data and approach can be adopted. Three main types of prediction 
problem base on: 

• geodetic data - Problem A; 
• both geodetic and geotechnical data - Problem B; 
• physical features of soil - Problem C. 

According to the author' proposal the deformations and displacements can be 
described by means of "stability function" being the correlation model of soil defor­ 
mation. In the result of application of the model and procedures the set of displacements 
{Hil8 is found referring to the period of prediction. 

The A-problem. The results of geodetic measurements of displacements are given 
only. The sets: initial {Hi lo and final {Hilk should refer to the period of ten at least, but 
optimally 20-30 years. The measurement may cover all benchmarks of the analysed 
network or a part of it. The set {p1h of displacements of benchmarks in the period 
between ," and ,- is found by formulae 

( 16) 

where {Hilo is a result of initial measurement in time ,0, and ./ 0)k is a result of 
levell ing in time tk. The set of predicted elevations . / ,18 is determined using the 
stabili ty function by extrapolation of the data. In the extrapolation problem two other 
variables should also be taken into consideration: 
o , - standard deviation of displacements found for the set {p 0h of nk in number, 
tg - time of predicted measurement ,f!. > ,-2

The B-problem. Two kinds of data are given: results of geodetic measurements 
and physical (environmental) features of soil. The stability function is of the form 

111 

30 = _L ' 42+5*0 (i= I, 2, ... , n) 
}=I 

(17) 

The coefficients 6 0-+ determine influences of analysed agents at the point 3+78+- 91). 

They give environmental characteristics of analysed area. The values of 6 1,; are as­ 
sumed arbitrarily on the basis of other experiences. The coefficients 60-: determined 
on the basis of the author's own experience have been given in (Wolski, 2006). In 
( 17) the values of *0 7; = 1, 2, ... , m) are obtained from the given vertical displace­ 
ments and environmental characteristics ' 42+ using least squares adjustment procedure. 
The B-problem differs significantly from the previously considered A-problem. ln the 
B-problem the environmental characteristics w02- as well as stabili ty functions 3+ are 
accredited to fixed points 3178+- 91). 
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