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CARRIERS IN THE UNITED STATES:  

THE AIRLINE SAFETY REPORT (1997-2000) 
 

Dr. Brent D. Bowen1, Dr. Chien-tsung Lu2 
 

1 The University of Nebraska at Omaha 
6001 Dodge Street, Allwine Hall 422, Omaha, NE 68182.0508 

Voice 402.554.3424, Fax 402.554.3781, bbowen@mail.unomaha.edu 
 

Central Missouri State University 
Department of Aviation 

T.R. Gaines 210, Warrensburg, MO 64015 
Voice 660-543-8092, Fax 660-543-4979, ctlu@cmsu1.cmsu.edu 

 
 

Introduction 
Commercial air transportation is a very safe way to travel (Federal Aviation Administration 
[FAA], 2001 March). In 1998, there were only ten fatal accidents out of approximately 
eighteen million flights globally (Boeing, 2000). In 1997, the risk of fatality fell to one in 
eight million. Between 1990 and 1997, while the whole airline enplanement had increased 
dramatically, the risk of fatality was reduced annually (Gellman Research Association [GRA], 
1997). 
However, the threats of potential accidents still remain and would likely to attack aviation 
safety from different dimensions. This is true because aviation accidents were not solely 
caused by one factor. For instance, the mishandling of hazardous materials (oxygen canisters) 
led to the crash of ValuJet flight 592; the aging electrical wiring system inside center fuel tank 
of 747 caused the explosion of TWA Flight 800; the pilot’s poor decision-making skills and 
misjudgment caused the crash of American Airlines Flight 1420; the malfunctioning 
maintenance of rudder hydraulic mechanism resulted in the mishap of Alaska Airlines Flight 
261; the crash of American Airlines Flight 587 possibly due to metallic fatigue; and the 
terrorist attacks contributed to 9-11 disaster in the United States (US). From the standpoint of 
government, aviation community, and the general public, those aforementioned mishaps have 
urged a demand in terms of a higher level of scrutiny to airline safety in the United States 
(National Transportation Safety Board [NTSB], 2000a). And a wider-range safety factors 
leading to aircraft disasters and passenger fatalities has simultaneously hastened the call for a 
more proactive and objective measure of aviation safety. 
 
Review of Former Airline Safety Measurement 
Several leading media reports—the Wall Street Journal’s 1996 and 1998 airline safety ratings 
(Dahl & Miller, 1996, July 24; Goetz, 1998) and USA Today’s 2000 ratings (Stroller, 2000 
March 13)—have ranked airline safety based on one criterion. For instance, Stroller’s ratings 
used the measure of FAA’s enforcement actions in asserting that more enforcement actions 
and higher fine totals against a specific airline could indicate that exactly that carrier was not 
as safe as others. But increased enforcement actions and higher fine totals could also simply 
mean that the FAA had become more aggressive in its inspections. Conversely, while fewer 
cases of enforcement actions could imply that a particular air carrier was safer than others, it 
could also show that the FAA’s safety inspections were insufficient. Indeed, the FAA has 
been questioned about its safety inspection program, causing considerable public concerns 



Transport and Telecommunication Vol.5, No 3, 2004 

 5

(Donnelly, 2001 March 12). On the other hand, Dahl and Miller (1996) and Goetz (1998) 
initially recruited accident and incident rates from government authorities, which show a great 
level of authenticity. Yet the research generalization about their univariate (one independent 
variable) evaluation seemed too narrow. 

In 1991, the FAA itself launched its Safety Performance Analysis System; but by as late as 
1996, the agency had little to show for its efforts (Barchok et al., 1996). At times, the FAA 
inspection program seems to follow regulations to the letter; but other decisions seem to 
reflect high degrees of personal discretion on the part of inspectors (Lutte, 1999). For the 
purpose of elevating level of safety measurement, a more comprehensive safety measurement 
mechanism is in need (“Airline safety rating,” 1997; Bowen, 1997 April). 

 
Selected Safety Factors 
Although the Department of Homeland Security is primarily concentrating on the 
enhancement of airport security, to obtain the most objective measurement of airline safety, 
the initiative of this study remained the embracement of four safety categories based on the 
Gellman Research Association’s (GRA) comments in 1997: (a) FAA Enforcement Actions, 
(b) Rates of Accident and Incident, (c) Management Quality, and (d) Financial Health. 
Following the nature of each safety category, safety factors involved 17 key items (See 
Appendix A) rather than the focus on a single factor.  

For the FAA Enforcement Action category, the study used the following safety factors:  
1. Enforcement actions of security; 
2. Enforcement actions of flight operation; 
3. Enforcement actions of maintenance; 
4. Enforcement actions of hazardous material (HAZMAT). 

For the Rate of Accident and Incidents category, the study selected these safety factors:  
1. Total fatality; 
2. Fatality rate; 
3. Accident rate; 
4. Incident rate.  

For the Management Quality category, we selected these safety factors: 
1. Average fleet age; 
2. Aircraft on order; 
3. Code-sharing; 
4. Aircraft utilization; 
5. On-time rate. 

For the Financial Health category, the study used the following safety factors:  
1. Liquidity ratio; 
2. Turnover ratio; 
3. Cash flow ratio; 
4. Profitability ratio. 

Former safety researches had denoted that measuring accident/incident rates and FAA’s Cases 
of Enforcement could be the factual evident indicating airline safety performance. Simply 
because those factors are standardized and significant criteria that directly reflect level of 
safety (Dahl & Miller, 1996; Goetz, 1998; Stroller, 2000). In addition to the aforementioned 
factors, this study expanded the range of safety factors and involved financial health and 
management quality in this study. 



Transport and Telecommunication Vol.5, No 3, 2004 

 6

Financial Health 

Edward I. Altman’s (1968) Z-model was the first widely recognized and adopted multivariate 
model for predicting financial crisis. It primarily focused on the revenue ratio (sales over total 
assets, originally weighted .999 by Altman). Koundinya & Puri’s (K & P) model focused on 
the liquidity ratio (current assets and cash flow/sales ratio) and was highlighted by Clark and 
Foster (1997). Cash-flow-based (CFB) ratio (cash flow to total liability) was emphasized by: 
Aziz, David, and Lawson (1988 & 1989); Charles Mossman and his research colleagues 
(1998, May); and Tae, Chang, and Lee in their dynamic model of the data mining method 
(1999). In addition, Gardiner (1995) and Mossman, Bell, Swartz, and Turtle (1998) asserted 
that ratio analysis plays an important role in analyzing financial health. The aforementioned 
studies emphasize current ratio (current assets over current liabilities), turnover ratio (total net 
income over assets), and profitability ratio (total net income over operational revenue). 
Indeed, these ratios are vital factors for investors, banks, and rival entrepreneurs for financial 
analysis (Gardiner, 1995; Turpyn, 1998 July). 

Further, Rose (1990) proposed her evaluation of airline safety performance by using two 
factors: (a) financial operational margins; and (b) flight operations (distance, accident rates, 
etc.). Rose did not exactly rank safety performance among selected airlines. Rather, through 
statistical tests, she revealed that between 1970 and 1986 a higher profitability rate resulted 
from a lower accident rate due to a higher safety investment—particularly for smaller airlines. 
The meanings of Rose’s study were twofold. First, profitability rates and accident rates were 
inversely proportional. Second, the more safety investments contributed by airlines, the lower 
the accident rates would be; and vice versa (Rose, 1990). 
 
Financial Health and the Linkage to Management Style 

The connection between financial health and airline management style has been criticized by 
academia (Bowen, 1999). Without a doubt, such factors as professional employees, frequency 
of safety training, safety inspection mechanism, and technology do directly influence airline 
safety. Of course, this influence does not come without cost (Oster, Strong, & Zorn, 2000). 
Donnelly (2001) interviewed airline mechanics and found that airlines tended to reduce 
operational expenses to gain higher profits. In doing so, airlines had several options: (a) 
contract out their segmented operations; (b) hire more part-time (i.e., less well trained) 
employees; or (c) simply shrink safety training programs and the number of personnel. The 
combining usage of the forgoing options of cost reduction would have created a high potential 
for airlines to encounter accidents (e.g., the crash of ValuJet Flight 592 in 1996 [NTSB, 
2000b]).  

Moreover, airlines always carefully evaluate an alliance candidate’s safety performance when 
considering marketing alliances. Ally Airlines create a safety platform for current and 
potential business partners (as United Airlines sets the safety standard for Star Alliance) 
essentially based on the International Civil Aviation Organization’s (ICAO) safety criteria 
generated at the December 1999 Chicago Aviation Conference (Woellert, 1998; U.S. 
Department of Transportation [US DOT], 2000). For instance, Delta Air Lines and Air France 
suspended their code-sharing agreement with Korean Airlines (KAL) after KAL’s series fatal 
mishaps in Guam in August 1997 and again in Shanghai, China in April 1999 (Pasztor & 
Wilde, April 19, 1999). KAL finally resumed its code-sharing agreement with Delta Airlines 
and Air France in February 2002 due to its safety enhancement (“Delta and Air France”, 
2002).  
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Research Methodology 
This project used the Delphi methodology. A purposive sample was formed based on experts’ 
aviation experience and knowledge. A survey questionnaire was generated by Analytical 
Hierarchy Process (AHP) software and mailed to aviation experts. Data collection and 
analysis period was around five months between October 2000 and March 2001. The 
collected data were input and calculated by AHP. After the calculation, AHP produced a 
comparable weighted value (with ratio-scale properties) for individual safety factor associated 
with each airline. 
 
Instrument - Analytic Hierarchy Process (AHP) 
The authors outline here the introduction of a measurement mechanism, via Analytic 
Hierarchy Process (AHP), for a pair wise-response survey questionnaire. Pair wise 
comparison is the core aspect of comparing the relative importance between two or more 
targeted safety factors systematically selected from a pool of safety factors (Expert Choice, 
1994). The rationale for using AHP lies in the desire to broaden aviation research territory. 
The AHP helps researchers to define goals, select alternatives, and manage complexity. It 
provides a decision hierarchy by showing the weight-value for ultimate decision-making by 
pair wise comparison (Saaty, 1994). AHP is a tool applicable in both qualitative and 
quantitative research and decision-making. This study applies AHP to (a) generate the survey 
questionnaire, (b) input returned data, (c) compare the relative importance among factors, and 
(d) calculate the final weighted value for individual variables.  

Delphi Method Application and Purposive Sampling 
The Delphi method is an exploratory data-collection phase that allows researchers to gain the 
highest validity—and ultimately, reliability—of data through repeated qualitative procedures 
(Zapka & Estabrook, 1999 October). Delphi method provides systematic guidelines to help 
researchers collect opinions from targeted key informants (Mitchell, 1994; Kadlecek, 1997) 
and to generate opinions from aviation experts through a series of surveys with controlled 
feedback (Mitchell, 1971; Sackman, 1975). 

Purposive sampling focuses on the in-depth exploration of selected key informants who 
possess direct connections to various essential and fruitful data resources (Maykut & 
Morehouse, 1994; Marshall and Rossman, 1999). It is a strategic method in which particular 
informative persons or experts are “selected deliberately in order to provide important 
information that can’t be gotten as well from other choices” (Maxwell, 1996, p.70).  
 
Participants 
One hundred and twelve (112) aviation experts were initially asked to participate in this 
research by completing the mailed paired-variable AHP questionnaire (see Appendix B). The 
purposive sample of this project included university professors, airlines and airport managers, 
professional flight and maintenance personnel, aviation safety lobbyists, aviation journal 
editors, and graduate students in aviation-related programs. 
 
The Formula of ASR 
The ASR uses a weighted average point of multivariate analysis obtained from completed 
questionnaires. This study adopts the evaluation formula of the AQR to calculate the ultimate 
ASR score leading to the final airline safety ranking; it then applies the similar interpreting 
steps of the AQR’s formula, which has become widely recognized in aviation (Goodman, 
1992, April 29; Spencer, 1999; Lawton, 2002).  
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The initial formula of the ASR has 17 selected safety factors and is stated as the following: 
 

ASR =  
= V1[W1F1+…+W4F4]+V2[W5F5+…+W8F8]+V3[W9F9+…+W13F13]+V4[W14F14+…+W17F17] 

V1+V2+V3+V4 
 
= V1(WF)+V2(ΣWF)+V3(ΣWF)+V4(ΣWF) 
                           ΣV 
 
= Σ[VΣ(WF) = Σ[VΣ(WF)] 
         ΣV 

 
Where V = the weighted value of category determined by experts via AHP output 

W = the average weighted value of each variable determined by experts via 
AHP output 

F = the factor credits obtained from raw data 
Σ = mathematic sum 
ΣV = 1 

 
Explanatory Illustration of Research Processing 
Chart 1 illustrates the operational logic of the AHP’s application in this. 
Chart 1. Flowchart of the Operational Logic of the AHP 

  
Note: Step 1: Generated survey questionnaire through AHP software. Step 2: Survey sent to aviation experts. 
Step 3: Retrieved raw data from replied questionnaires. Step 4: Input initial survey feedbacks to AHP for 
comparison. Step 5: Obtained individual weightings after comparison. Step 6: Applied weighted value to ASR 
formula. Step 7: Calculated performance. In Delphi method, the purpose of “Re-survey” phase is to re-concretize 
participants’ opinions. 

Findings and Discussion 
In this study, the authors primarily focused on those airlines that performed extremely well or 
poorly in each category compared to a selected criterion—annual average performance.  
 
Weights and Credits of Individual Safety Category and Factor 
It is important to provide a standardized platform of calculation for each selected safety 
factor. Therefore, each factor was ranked first and technically issued with credits for 

1. Questionnaire 2. Key informants 
surveys 

3. Returned 
questionnaire 

5. 
Weighted values 

4. AHP software 
package 

6. ASR formula 7. Comparative 
Performance 

Re-survey
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meaningful comparison—i.e., 10 credits for those ranked best and 1 credit for those ranked 
worst. 
A total of 83 AHP questionnaires have been returned (a response rate of 75.75 percent). 
Seventeen (17) questionnaires were excluded due to technical deficit (judged by AHP 
software with low validity, index < .2), leaving a total of 65 (59 percent) valid questionnaires. 
Each of the 65 valid questionnaires possessed its own weighted value calculated by AHP 
software. The average weighted value of each safety factor and category provided in 
Appendix C illustrates the weighted importance judged by surveyed aviation experts.  
 
Highlights of Airline Safety Performance – by Category 
Table 1 shows the overall performance in the category of FAA Enforcement Actions for each 
airliner between FY 1996 (reported in 1997) and FY 1999 (reported in 2000). Those who 
were ranked best in this category during this period were: Continental—FY 1996, 
Southwest—FY 1997, United—FY 1998, and again Continental—FY1999. For the best 
analysis, we grouped Southwest, Alaska, Northwest, United, US Airways, and TWA for 
further inspection due to their noteworthy performances. Results of this category revealed that 
TWA consistently performed below the annual ASR average, while Southwest and Northwest 
Airlines performed mostly above ASR average across the four-year period. US Airways did 
well and was ranked second in FY 1998 for its ASR scores.  
 
Table 1. ASR Results: FAA Enforcement Actions Category 

Airlines FY 1996 FY 1997 FY 1998 FY 1999 
Alaska 0.56 1.48 0.65 0.38 
American 1.14 0.67 1.48 1.09 
America West 1.19 1.20 1.23 1.24 
Continental 1.94* 1.16 1.17 1.71* 
Delta 1.14 1.37 0.79 1.22 
Northwest 1.24 1.19 1.64 1.08 
Southwest 1.33 1.74* 1.33 1.23 
United 0.91 1.19 1.91* 1.42 
US Airways 1.44 0.51 1.71 1.10 
TWA 0.90 0.59 0.99 1.01 
Average 1.18 1.11 1.29 1.15 

Category Measurement of the FAA's Enforcement Actions
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* denotes the best performance that year. 
Note: The figures represented are the rate of the FAA’s enforcements per 100,000 operations. The best 
performance was issued with 10 credits while the worst performance was issued with 1 credit. Thus, the chart 
and table reflect a relative comparison among 10 selected airlines. Even though an air carrier’s actual 
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performance remains the same as to that of its prior year, its ASR score would be scored low due to the progress 
made by its business rivals.  
Sources: The original enforcement resources were obtained from the FAA Enforcement Action database, while 
the total annual operations were retrieved from the Bureau of Transportation Statistics (BTS) of the United 
States Department of Transportation (US DOT). Financial data were retrieved from the annual 10K reports of ten 
major airlines (1997, 1998, 1999, & 2000 reports). 
 
In the category of Accident and Incident, those who were ranked best in this category during 
this period were: America West—FY 1996, US Airways—FY 1997, Southwest—FY 1998, 
and again US Airways—FY1999 (See Table 2). After TWA Flight 800 crashed, killing all 
230 people on board, the ASR score of TWA in FY 1996 was .744, ranked last in this year. 

American and Delta’s ASR scores consistently remained below industry average. American 
Airlines encountered a substantial score reduction in FY 1999 due to its several accidents. 
Alaska, US Airways, and Northwest Airlines achieved outstanding scores in this category and 
their annual performance remained above industry average most of the time. Continental 
Airlines’ ASR score was low (.693) in FY 1997 because of the combined increases of 
accident rate (from 0.2444 to 0.496) and incident rate (from 0.2444 to 0.9916). United and 
American Airlines faced a difficulty in maintaining safety competition in FY 1997. 

 
Table 2. ASR Results: Accident and Fatality Category 

Airlines FY 1996 FY 1997 FY 1998 FY 1999 
Alaska 2.349 2.609 2.547 2.349 
American 1.880 2.064 2.275 0.722 
America West 3.100* 2.437 2.793 2.130 
Continental 2.626 0.693 2.086 2.420 
Delta 0.765 1.264 2.064 2.064 
Northwest 2.683 2.476 2.683 2.933 
Southwest 2.665 2.933 2.933* 2.854 
United 2.525 0.961 2.354 2.108 
US Airways 2.520 3.100* 2.665 3.016* 
TWA 0.744 2.332 2.349 2.766 
Average 2.186 2.087 2.474 2.336 

Category Measurement of Accident/Incident Rate

0.5

1

1.5

2

2.5

3

FY 1996 FY 1997 FY 1998 FY 1999

A
SR
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re

Alaska American Continental Delta
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* denotes the best performance that year 



Transport and Telecommunication Vol.5, No 3, 2004 

 11

In the category of Management Quality, those airlines whose annual scores were close to 
industry average were Southwest, TWA, Northwest, and Continental (See Table 3). Airlines 
ranked best in this category during this period were: American—FY 1996, United—FY 1997, 
American—FY 1998, and again United—FY1999. Alaska and America West Airlines 
remained low scores relatively compared to others in the four year period. Although 
American Airlines championed this category in FY 1996 and 1998, its safety performance 
was the poorest in FY 1999 compared to its rivals. 
 

 
Table 3. ASR Results: Management Quality  

Airlines FY 1996 FY 1997 FY 1998 FY 1999 
Alaska 0.556 0.916 0.918 0.860 
American 1.793* 1.268 1.561* 1.087 
America West 0.889 0.973 0.630 0.588 
Continental 1.205 1.186 1.127 1.243 
Delta 1.048 1.352 1.497 1.469 
Northwest 1.271 1.152 1.045 1.525 
Southwest 1.440 1.596 1.403 1.440 
United 1.667 1.704* 1.523 1.639* 
US Airways 1.109 1.132 1.185 1.321 
TWA 0.895 1.065 1.335 1.052 
Average 1.187 1.234 1.222 1.222 

 
Category Measurement of Management Quality

0.5

0.7
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In the category of Financial Health, Southwest Airlines was ranked best in this category in 
FY 1996, 1998 and 1999, and US Airways championed in FY 1997. Continental Airlines 
performed relatively well and ASR scores maintained mostly above industry average (See 
Table 4). Northwest Airlines gained low scores in FY 1998 and FY 1999. TWA and United 
Airlines consistently gained lower ASR scores relatively compared to that of other 
counterparts.  
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Table 4. ASR Results Financial Health 

Airlines FY 1996 FY 1997 FY 1998 FY 1999 
Alaska 1.157 1.026 1.656 1.587 
American 0.920 0.846 1.406 1.259 
America West 0.845 0.839 1.292 1.494 
Continental 1.871 1.593 1.578 1.733 
Delta 1.352 1.325 1.536 1.365 
Northwest 1.690 1.608 0.501 1.000 
Southwest 2.262* 2.151 1.906* 1.818* 
United 0.785 0.765 0.616 1.048 
US Airways 1.450 2.186* 1.722 1.037 
TWA 0.570 0.562 0.690 0.562 
Average 1.870 1.234 1.222 1.222 

 
Category Measurement of Financial Health
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Highlights of Overall Safety Performance 

According to synthetic ASR result provided above, Southwest Airlines gained the highest 
ASR score in FY 1996 (7.6926), 1997 (8.4215), 1998 (7.5681), and 1999 (7.9356) (See Table 
5). TWA had a difficulty in competing with its business counterparts in FY 1996, 1997, and 
1998. Table 5 also showed that Southwest Airlines maintained its highest safety performance 
among selected airlines across four years in this study.  
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Table 5. Overall ASR Performance 

Airlines FY 1996 Rank FY 1997 Rank FY 1998 Rank FY 1999 Rank 
Alaska 4.5604 8 6.0257 4 5.7734 9 6.5307 7 
American 5.7276 7 4.8443 7 6.7165 3 4.9797 10 
America West 6.0268 5 5.4497 5 5.9445 6 5.9769 9 
Continental 7.6434 2 4.6358 8 5.9617 5 7.3965 2 
Delta 4.3059 9 5.3111 6 5.8837 7 6.7808 5 
Northwest 6.8804 3 6.4303 3 5.8667 8 7.2510 3 
Southwest 7.6926* 1 8.4215* 1 7.5681* 1 7.9356* 1 
United 5.8891 6 4.6238 9 6.4049 4 6.6483 6 
US Airways 6.3938 4 6.9288 2 7.2838 2 6.9822 4 
TWA 3.1064 10 4.5513 10 5.3671 10 6.3814 8 
Average score 5.8226  5.7222  6.2770  6.6863  
* denotes the best overall safety performance of the year. 

Overall Performance
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In addition, only the ASR scores of Southwest Airlines and US Airways were above industry 
average each year, while others had some up and down years in relation to annual ASR 
scores. Equally important, the deviation among airlines lessened in magnitude from FY 1996 
to FY 1999, indicating a more convergent and consistent safety performance via relative 
comparisons among airlines. In addition, a convergent trend also showed an increasing and 
fierce safety competition among major airlines. 
 
Conclusion 
The findings of this study calculated from multivariate ASR formula focused on relative 
comparisons in light of more objective and broader safety measurements, which had proposed 
more comprehensive tool rather than a univariate basis of safety assessment to the aviation 
community. Several facts were observed to uphold this assertion. For example, while 
Continental Airlines ranked first by its ASR score in FY 1996 based on solely the FAA 
Enforcement Action category, Continental’s overall safety score ranked second for that year in 
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our study. If we only consider one category for safety measurement, the outcome would vary. 
Also in FY 1996, Alaska Airlines ranked tenth in FAA Enforcement Actions but was eight 
through overall calculation. In addition, while America West Airlines had the best ASR score 
in the Accident and Incident category in FY 1996, it was ranked fifth for that year from its 
overall ASR score. The variation of ranking also stands when researchers interpret the ASR 
scores regarding other safety categories. Clearly, there is a ranking difference between 
univariate and multivariate research approaches. And we should pay attention to it. 
Furthermore, the average weighted value of each safety category (see Appendix C) revealed 
that Accident/incident and Management Quality weighed heavily on the minds of surveyed 
aviation experts. However, the performance of Accident/incident and Management Quality 
could not conclude the overall performance. According to this study, a multivariate safety 
measurement contributes a more objective, non-skewed, and bias-free overview. 
Ranking airlines, in this study, was not the most urgent purpose nor was the authors’ initial 
attempt. In fact, the essence of relative comparison used in this study was to give airlines a 
warning signal about their safety performance compared to their business counterparts in a 
timely manner. According to the spirit of airline deregulation, we believe that a consistent 
measurement of safety performance could bring the maximum interest to the flying public and 
to the air industry as well. 
This preliminary paper aimed to develop an in-depth and comprehensive analytic tool for 
measuring airline safety. The concepts of this paper were originated from the implemental 
logic of the national AQR project, the AHP innovation, and relative comparison across 
airlines from which the identification of performance gaps between airlines can be located for 
potential areas of improvement. By locating such performance deficits through detailed 
comparison of data sets, managerial personnel can initiate proper efforts to close up the gaps 
in the areas such as management, profitability, violation, security, finance, and so forth. For 
research transformability, this safety evaluation model can also be applied to similar projects 
on a quarterly, monthly, or even weekly basis. It also proposed a capability which would help 
airline managers or government authorities to (a) target any erosion of aviation safety, (b) 
predict airline in risk, and (c) prepare solutions ahead of schedule. 
Aircraft accidents causing passenger fatalities is simply the end result of airlines’ operational 
negligence. How to eliminate the contributory causality of accidents is a challenge to us. 
Therefore, all related aviation actors/entities should proactively and continuously work 
together in order to implement the best practices for enhancing aviation safety. To date, 
approaching to the goal of zero-accident is not only the responsibility of airlines, but it is also 
government’s priority worldwide. This is particularly true after the tragedy of September 11. 
 
A Call for Future Research 
The first challenge for future researchers is to expand data collection range to the most current 
time. The comprehensive approach to measuring airline safety in this study attempts to be as 
objective as possible by using multiple safety indicators. However, there might be other 
safety-related data that, while currently either unavailable or incomplete, should be considered 
by future researchers. That is, the scale of safety-factor-selection may be augmented because 
of the availability of resources or broadened options of safety categories (See Appendix D). 
When more useful data can be fully gathered, researchers should apply these data to a new 
phase of this safety-measurement model that focuses on (a) enhancing measurement accuracy, 
and (b) avoiding the problem of analytical co linearity. 
Second, the weights of individual safety factors vary from year to year because expert 
panelists would likely to define a different level of importance for individual safety factor 
based on the virtual public concerns or external change. The authors strongly suggest a 
continuous measurement of safety performance. 
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Appendix A 
 

Four categories of safety factors for ASR 
 

I: Categories of Accidents & Incidents 
Factor 1:  Accident Rate: Accident cases per 100,000 operations. 

Factor 2:  Incident Rate: Incident cases per 100,000 operations. 

Factor 3:  Fatality: Total number of passenger fatalities caused by accidents. 
Factor 4:  Fatality Rate: Total fatalities per 100,000 operations. 

Sources: The National Transportation Safety Board (NTSB), the Federal Aviation 
Administration (FAA), and the Aviation Statistics Division of the Department of 
Transportation (DOT). A complete accident/incident data for year 2000 was retrieved from 
the FAA website on August 5th, 2002 after the FAA posted on web. 

 
II: Categories of FAA Enforcement Actions 
Factor 5: Enforcement Rate of Security: Cases of violations per 100,000 flights. 

Factor 6: Enforcement Rate of Flight Operation: Cases of violations per 100,000 flights. 

Factor 7: Enforcement Rate of Maintenance Flaws: Cases of violations per 100,000 flights. 

Factor 8: Enforcement Rate of the Violation to HAZMAT Regulation: Cases of violations per 
100, 000 flights. 

Source: The FAA Safety Enforcement Actions electronic database. 
 

III: Financial Stability 
Factor 9: Liquidity Ratio 

Factor 10: Turnover Ratio 

Factor 11: Profitability Ratio 

Factor 12: Cash Flow Ratio 

Source: Ten U.S.-based major airlines’ annual reports/Form 10-K. 
Data Available: The major airlines, FAA, financial investment companies, and ATA. 
 
IV: Management Quality 
Factor 13: Code-Sharing Agreements and Their Safety Records 

Factor 14: Number of Aircraft on Order  

Factor 15: Average Age of Fleet 

Factor 16: Average Aircraft Utilization (Flight Hours) 

Factor 17: On-Time Performance 

Source: Ten U.S.-based major airlines’ annual reports/Form 10-K. 

Data Available: The major airlines, FAA, financial investment companies, ATA, the AQR 
reports, and the Aviation Statistics Division of DOT. 
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Appendix B 
 

AHP Questionnaire 
 

Introduction 
 
This questionnaire contains two (2) sections: 

I. Survey of major safety categories – There are four (4) major categories in this section: 
Accident, FAA Enforcement, Financial Performance, and Management Quality 
categories. This section contains six (6) questions. 

II. Survey of safety factors – This section contains 28 questions. 
 
Please mark or circle the number that represents your weighted value of the factor when 
compared to the other factor given in the question. 
 
For example, if you mark “3” in the following question, which means “Accident Related 
Category” is 3 times more important in your opinion than the “FAA Enforcement Category.”  

 
1 FAA Enforcement Category 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Accident Related Category 

 
 

On the other hand, marking the number “1” in this example means “Security Quality” is as 
important as “Maintenance.” 

2 Security Quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Maintenance Quality 
 
 

Moreover, marking the number “3” in this example means “Maintenance” is 3 times more 
important than “HAZMAT Management.” 

2 Maintenance quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 HAZMAT 
 
 
We hope that the examples aforementioned are clear and helpful. You may contribute your 
answer by marking (X) or circling (O) for the number you choose. 

Start from here…    
 Please indicate your response by marking or circling the appropriate alternative. 

 

 
Section 1. Survey of Major Safety Categories 
 
1 FAA Enforcement Category 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Accident Related Category 
2 FAA Enforcement Category 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Management Quality Category 
3 FAA Enforcement Category 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 H Financial Performance Category 

4 Accident Related Category 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Management Quality Category 
5 Accident Related Category 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Financial Performance Category 
6 Management Quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Financial Performance Category 
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Section 2. Survey of Safety Factors 
 
1 Security Quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Flight Operation Performance 
2 Security Quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Maintenance Quality 
3 Security Quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 HAZMAT Management 
4 Flight Operation Performance 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Maintenance Quality 
5 Flight Operation Performance 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 HAZMAT Management 
6 Maintenance Quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 HAZMAT Management 
7 Total Passenger Fatalities 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Passenger Fatality Rate 
8 Total Passenger Fatalities 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Incident Rate 
9 Total Passenger Fatalities 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Accident Rate 

10 Passenger Fatality Rate 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Incident Rate 
11 Passenger Fatality Rate 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Accident Rate 
12 Incident Rate 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Accident Rate 
13 Fleet Age 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Aircraft On Order 
14 Fleet Age 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Code Sharing 
15 Fleet Age 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Aircraft Utilization 
16 Fleet Age 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 On-Time Rate 
17 Aircraft On Order 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Code Sharing 
18 Aircraft On Order 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Aircraft Utilization 
19 Aircraft On Order 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 On-Time Rate 
20 Code Sharing 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Aircraft Utilization 
21 Code Sharing 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 On-Time Rate 
22 Aircraft Utilization 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 On-Time Rate 
23 Liquidity Ratio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Turnover Rate 
24 Liquidity Ratio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Cash Flow Ratio 
25 Liquidity Ratio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Profitability Ratio 
26 Turnover Ratio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Cash Flow ratio 
27 Turnover Ratio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Profitability Ratio 
28 Cash Flow Ratio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Profitability Ratio 
 
Thank you for your help.
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Appendix C 
 

Average AHP weighted points 
 

1. Category 
 

FAA Enforcement Action Accident related Management Quality Financial Health 
0.201727273 0.309515152 0.304969697 0.179342424 

 
 

2. Safety Factors 
 

Liquidity Ratio Turnover Ratio Cash Flow Ratio Profitability Ratio 
0.202667 0.214455 0.2633636 0.320424242 
Security Flight Ops Maintenance HAZMAT 
0.14667 0.3305152 0.330606061 0.184152 
Fatality Fatality Rate Incident rate Accident rate 

0.222606 0.311030303 0.19830303 0.269484848 
Average Fleet Age A/C on order Code-sharing On-time rate 

0.288636 0.138455 0.131030303 0.230606061 
A/C utilization    
0.211121212    

 
Note: This table represents the average weighted value of each selected variable calculated 
from the input of 65 returned questionnaires based on the application of AHP software. This 
table shows the overall aviation concerns in terms of expert opinion over the specific duration 
of our research. Therefore, a follow-up survey may manifest different responses due to the 
ongoing internal and external influence of the entire aviation industry. Furthermore, the AHP 
allows researchers to retrieve valuable expertise and thus helps refining the validity of each 
selected safety factor. 
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Appendix D 
 

Examples of Potential Safety Factors – Finance & Management 
 
Inventory Turnover 
Inventory turnover = Sales/Inventory.  This ratio relates the income statement (numerator) to 
the various assets on the balance sheet; it measures how many times per year the carrier sells 
its inventory.  
 
Dividend Payout Ratio 
Dividend Payout Ratio = Dividends per Share/ Earnings per Share.  This ratio provides data 
concerning the airlines’ reinvestment strategies.  A high payout ratio indicates that 
stockholders are receiving a large part of the earnings and the airline is not retaining much 
income for investment in new equipment. 
 
Sales per Share Ratio 
Sales per Share = Sales (Operating Revenue)/Shares.  This ratio indicates airlines’ operational 
performance reflected from the figure gained from annual revenue divided by the amount of 
stock shares from year to year.   
 
Net Earnings 
When compared year to year, the airline’s net earnings indicate how stable/unstable the airline 
is. 
 
Revenue Passenger Miles (RPMs) 
The RPMs are the number of passengers carried one mile.  This data is reported in millions. 
By analyzing an airline’s revenue passenger miles and the percentage change in RPMs by 
year, one can determine whether that carrier is improving its revenue base from year to year.   
 
Percent of Aircraft Owned Versus Percent Leased 
The focus is on the percentage of aircraft owned by the airline. The higher the percentage of 
owned aircraft, the more operator control the airline has. 
 
Total Revenue Load Factor 
The percentage of available ton-miles in revenue service that are actual revenue ton-miles 
(passenger or non-passenger) 
The figure representing the proportion of the overall capacity that is actually utilized 
 
Resources: Morrel, P.S. (1997). Airline finance. Brookfield, Vermont: Ashgate. 

Note: Although more than 80 financial ratios have been applied in financial research literature 
to analyze the financial health of corporations, this project’s survey of aviation experts 
revealed that only a fraction of these ratios are generally considered significant or relevant to 
airline safety. The selection of relevant managerial factors thus followed the same paradigm.  
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1.  Introduction 
There are many hazardous goods in Lithuania transported as transit goods and also inside of 
the country: by road transport – about 25 %, by railway transport – about 55 %, by pipe 
transport – 100 %, by air – about 1 % of all goods transported with corresponding mean of 
transport.  

The transportation of hazardous goods is one of the most complicated spheres of transport and 
it requires the most safety measures because if there is an accident, a hazardous cargo can get 
into the environment and cause grave consequences. 

Lithuania respects the international rules for transportation of hazardous goods. Also the 
accredited institutes by the government of the Republic of Lithuania, while not breaking the 
principle of free movement of goods between the countries are estimating restrictions and 
toughening the requirements for the purpose of national safety, environment protection, safety 
of traffic, vehicle’s, receptacle’s and container’s suitability for usage. 

 
2.  Organizing Transportation of Hazardous Goods 
It is necessary to regulate, control and check transportation of hazardous goods because of 
their peculiarities, percentage and real danger. Strict requirements are defined for 
transportation, packing and marking of hazardous goods, requirements for vehicles, 
transporters, storage and other logistics functions. 

Scientific novelty of the paper is as follows: complex problems of hazardous goods’ 
transportation are considered in the economic point of view, mathematical models of 
informational and technological processes are prepared, components of hazardous goods’ 
transportation provisions are designed. The aforementioned enables to present informational 
and technological basis of hazardous goods' transportation in Lithuania. 

It is necessary to solve the problem of safety of traffic while transporting hazardous goods 
complementary − to analyse reliability of the whole system “Participant of traffic − vehicle of 
road transport (car) − road (street) − environment” (Fig. 1). Besides, the safety while 
transporting the hazardous goods is affected not only by these main four parts of the system, 
but also by different kinds of vehicles and society.  

Analysis of the capacity of hazardous goods’ transportation according to different kinds of 
transport characterises demands for transporting hazardous goods, development degree of the 
process and describes organizational-technical means, for the purpose of scientifically 
motivated process of transportation of hazardous goods. 
 



Transport and Telecommunication Vol.5, No 3, 2004 

 23

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  System’s “Participant of traffic – vehicle of road transport (car) – road (street) – environment” general structure 
 
 

Selection of the technical supply of transportation means (vehicle’s, container’s and 
package’s, mean’s of mechanization of loading − unloading work) goes together with the 
process of organizing transportation, i.e. safe transport according to estimated course, training 
of drivers and operating personnel. Estimation of course, selection of vehicle and 
transportation control depends on the administration functions. The informational system, 
which allows storing with information every link of transportation organizing, is needed to 
realize these tasks. 

To insure safety of transportation and to select means, primary it is necessary to investigate 
factors, which has influence to danger of transportation. Organizing transportation of 
hazardous goods, it is necessary to consider such factors: 

• Technology of transportation process; 
• Interaction with other ways of transportation; 
• Estimation of routes; 
• System of permissions to hazardous good’s transportation; 
• Transportation control; 
• Elimination of accident results. 

All these factors depend on informational supply. 
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The danger of transportation is determined by three main elements of hazardous goods 
transportation: capacity of transportation, course of transportation and technology of 
transportation. Each of these elements has influence on danger of transportation. There 
parameters and various qualitative and quantitative compatibility features show their level and 
degree. It is advisable to arrange transportation danger according to degree of danger, which 
is determined by choosing and estimating technological transportation processes. In this way 
we estimate danger degree of transportation, as mathematical expected loss magnitude, which 
can increase, while transporting hazardous goods. 

A big role is played in solution of theoretical problems and usage of practical means making 
the technology of transportation better and improving the process of safe transportation of 
hazardous goods. 

Organizing the transportation of hazardous goods and establishing informational-
technological models, it is very important that the hazardous goods are distributed according 
to appropriate features. This may help to gather concrete information for separate parameters 
of transportation process. 

Characteristics of transportation of the hazardous goods may be as follows: 
• Physical-chemical properties of the transported materials; 
• Running parameters of containers and packages; 
• Degree of danger; 
• Conditions that describe specific properties of goods. 

Containers may be grouped according to different aspects: according to goods’ unit weight, 
goods’ clearance, according to technique of loading-unloading, according to possible ways to 
load transport’s unit, transportation and storage conditions, protection and conditions of 
outside influence. Otherwise a united system, according to which hazardous goods may be 
safely transported, can’t be created according to these criteria. Thus in this chapter principles 
of grouping hazardous goods are offered, according to which optimal criterion may be 
selected, which will be used to establish the probability model of traffic accidents and to 
create informational system.  

The operating personnel and technical means of protection of the surrounding environment 
determine the principle of grouping hazardous goods according to container. Typical 
distinguishing feature of grouping: toughness, hermetic, degree of protection from radiation 
impact, comfort while doing loading-unloading operations. 

An important part has grouping of hazardous goods according to transportation reliability 
criterion − opportunity to assure service of customers, independent from hazardous properties 
of transported goods. 

Other analogical examples of hazardous goods’ grouping may be discussed, but all of them 
have one disadvantage − they don’t have criterion, which complementary could describe 
characteristics of hazardous goods. All types of grouping are based on one criterion – danger. 

Methodology of technological processes and listing of hazardous goods’ grouping has a big 
practical benefit: organizing safe transportation of hazardous goods and creating an 
informational system of hazardous goods’ transportation.  

It is necessary to bring the definition of traffic accident, as one of the basic terms in the theory 
of hazardous goods’ transportation while analysing a system of hazardous goods 
transportation by road transport. Such a term can be used solving particular problems and one 
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of them is as follows: selection of exploitation parameters for specialized means of transport, 
estimation of danger degree and parameters of goods according to used technological 
processes, optimal organizational motivation of transportation process and etc. Analytical 
solution of these problems is complicated because of formalization of hazardous goods’ 
transportation processes and assignment of experimental researches asks for plenty of time 
and finance or practically these problems are not solvable. Therefore it is advisable to use 
mathematical modelling methods for hazardous goods’ transportation processes. The created 
models can serve as a basis of scientifically based methodology that lets us: 

• to estimate exploitation parameters on which probability of traffic accident 
depends, and regulations which can diminish this probability; 

• to offer typical prophylactic means and to estimate their effectiveness; 
• to evaluate probability of traffic accident, which may be subjected to a class of 

goods. 

The following improvement of methodology and the probability estimation of traffic accident 
used to find all and each optimal parameters of transportation process element, the safest 
course of hazardous goods’ transportation. 

 
3.  Basic Data Structures of Technological Tasks 
The state and regional transport could be understood as a multi-criteria system. In such case 
the accepted solutions are not compared by any property, but all the criteria are evaluated. It is 
complicated to evaluate all transport modes at once. Recently by multi-factorial analysis 
methods have become the most popular and widely spread. These methods are best suitable 
for highways, transport corridors defining the main state cities as well as for the identification 
of European region routes. 

Information about freight forwarding within transportation technological process should be 
transferred by the certain data structures to the places of destination of the transported freight 
and passengers. 

The transportation data and transportation informational tasks system features can be 
distinguished. The data is divided into four basic groups. This is data about: 

• vehicles; 
• transportation region together with the transport object disposition; 
• transportation process participants; 
• freight (goods). 

This data is divided into the following logical data accumulations that allow repeating of 
certain data structure in it: 

• consignor’s database; 
• consignee’s database; 
• forwarder’s database; 
• transport vehicle owner’s database; 
• archive database; 
• central transportation database (local and international level). 

Such distribution as well as its realization level depends on transport informational network’s 
realization level. Informational transport network has to provide the information exchange for 
the basic transport process participants (forwarders, vehicle owners, regular consignors-
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consignees) among themselves and the centre database. Information about consignment has to 
considerably outstrip the consignment itself. Data accumulation allows grouping the 
transportation information basic processing goals. 

For the following formal transport technology development it is important to define the data 
precisely by its forming stages, structures as well as the data features itself. It is necessary that 
we could recognize the data at any manipulation stage, point or cycle. Such recognition is 
made using identifications and creating identification system by the certain methods. 

 
4.  ADR and RID – as Informational System 
Informational system of hazardous goods’ transportation in Lithuania has to be based on ADR 
and RID regulations because: 

• It is a whole of means, which enable users to manipulate with regulations for 
hazardous goods’ transportation; 

• It is a methodological base for safer and more perfect transportation of hazardous 
goods; 

• It is united program, regulating transportation of hazardous goods, predicting 
juridical and technological basics of hazardous goods’ transportation. 

Computer variants for international transportation of hazardous goods by roads (ADR) and 
railways (RID) are already prepared, also regulation requirements for hazardous goods’ 
transportation by international roads are fitted for transportation inside the country, prepared 
requirements for hazardous goods’ transportation control for experts and inspectors, according 
to ES directives and other works. All this gives an opportunity to create informational system, 
because these works can be treated as pre-projective works. These works enables to improve 
transportation process and to create informational system. They describe the necessity of 
creating methodological basics for safer and more perfect transportation of hazardous goods.   

 
5.  Modelling of Formal Data Set Structure 
Data set’s structures of hazardous goods’ transportation are separated considering 
peculiarities of its data-processing technologies, trying to bring stored data closer to its 
sources and users. It is considered that the main user of informational system is a participant 
of hazardous goods’ transportation. 

While sorting data according to different criteria, particular layout of these criteria enables to 
direct projection of transport technology to a certain direction. The essence of the project 
depends on this direction. We get new projects of transport technology when changing the 
order of layout. Data can be added, a part of data can be changed and a part of it may be 
removed. This can be done without changing the essence of formal system [1]. 

Regulations of hazardous goods’ transportation have to be modelled till the indivisible level 
so that they wouldn’t have any exceptions and references to other regulations. General basis 
of regulations about transported hazardous goods, their amounts have to be formulated in this 
way. Transportation of goods and formulation of regulations concerning their conditions in 
the database have to be separated from conventionality of changing software.  

System has to process information quickly, supply with necessary requirements and their 
fragments for hazardous goods’ transportation with expedition, correct and renew them.  
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When modelling structure of hazardous goods’ transportation regulations and projecting 
informational system of hazardous goods’ transportation, three principles may be 
distinguished: 

• Complexity principle; 
• Decomposition principle; 
• Hierarchy principle. 

The essence of projecting complexity principle: when projecting hazardous goods’ 
transportation system, it is important to analyze as much comprehensive as possible, evaluate 
and keep the most essential relations, which are in the operating object as well as in the 
operating system, also between the outside and inside of informational system. Complexity 
helps to evaluate assumptions, conditions and interaction of different elements more 
comprehensive and thoroughly, when the computerizing object of hazardous goods’ 
transportation is being analyzed. This principle also helps to determine factors, which affect 
the quality and efficiency of the system, as well as to seek for most efficient solutions. 

Decomposition principle is also important when projecting structure of informational system. 
It describes separation of the whole into parts, when seeking to analyze, estimate and project 
each of them without reference to others. This is separation of difficult task to easier ones: for 
example, sender of data scheme, carrier of data scheme, receiver of data scheme and so on. 
Database of hazardous goods’ transportation is separated (structuralized) according to 
conveniences of its data-processing technologies, but logical entity and meaningful links 
between the separated parts have to remain unharmed. 

Structuring and analyzing of hazardous goods’ transportation regulations and database of 
informational system according to the degree of particularity is determined by hierarchy 
principle. Structuring is proceeded according to several degrees of particularity. The essence 
and usage methodology of this principle we are going to study more widely.  

Several methods can be used for restructuring and modelling of international regulations for 
hazardous goods’ transportation. All of them are related to horizontal or vertical hierarchy 
method. Its essence: in the highest level of hierarchy, identification number of hazardous 
material given by United Nations’ organization and name of hazardous material is taken. 
These records are considered not only as beginning of hierarchy, but also as the main object.  

To prepare the search program of hazardous goods’ transportation regulations (ADR and 
RID), it is necessary to restructure all regulations and to provide the main regulations with 
indexes and codes. In the regulations of hazardous goods’ transportation three main data 
groups can be mentioned: 

• General data, which are general to many loads; 
• Information data; 
• Special purpose (special) data − applied only when goods of certain class are 

transported. 

General and prepared in advance regulations purposed for some special material are attached 
to the list of hazardous materials: general, information and special purpose (special). In Figure 
2 a model of hazardous goods’ transportation regulations’ structure components is imaged. 

Knowing the name of hazardous material or identification number given by JTO, it is possible 
to find the needed regulations for transportations of this material. The most important 
requirements, which are used for carriage of one or another load, can be selected using 
computer according to the system of codes. In this way main regulation models can be made 
for all the hazardous materials, for all the participants taking part in transportation of 
hazardous goods. 
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Figure 2.  Scheme of Model of Hazardous goods’ transportation provisions components 
 
 
 

6.  Modelling of Hazardous Goods’ Transportation Processes 
Using given codes computer helps easy to find the basic regulations required for 
transportation certain kinds of materials. 

Hazardous goods’ transportation informational system’s purpose is to process information 
quickly and productively, to present necessary provisions and requirements fitted for safer 
hazardous goods’ transportation and more effective work: package selection, maximal 
hazardous goods’ quality, determination of allowable transportations norms, composite 
loading possibility and insurance, preparation of necessary documents and other decisions [2]. 

ADR and RID provisions enable to form common base of on hazardous goods, mixes, 
quantities of transported materials, general transportation and etc. The exceptional advantages 
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of modelling of hazardous goods’ transportation provisions and technological processes are as 
follows: 

• Hazardous goods’ transportation processes look more pictorially; 
• Application resources of information related to hazardous goods increase; 
• Important data becomes better understandable; 
• Main hazardous goods’ transportation data is presented for control. 
 
 

7.  Conclusions 
• The given analysis of existing situation concerning transportation of hazardous goods 

shows, that hazardous goods are transported not safely, there is no required transportation 
technology and order, statistical data is not gathered. 

• The given modelling of regulations concerning transportation of hazardous goods, enables 
to form the nomenclature of different ADR and RID transportation regulations, 
considering them as the components of the same database. This gives the possibility to 
make computer search of needed regulations. 

• A model of hazardous goods’ transportation has to be joined to the whole informational 
system of Lithuanian transport. 

• The suggested informational system model for the transportation of hazardous goods, 
which is used to process information quickly and productively, to supply with necessary 
regulations and requirements with expedition, is fitted for safer transportation of 
hazardous goods and efficient work: for the selection of a container, for the maximum 
amount of hazardous goods and determination of allowable transportation norms, for the 
possibility of mixed loading and for the preparation of insurance documents and for other 
decisions. 
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1. Summary on Experience in Foreign States 
On March 15, 2001, three directives (2001/12/EC, 2001/13/EB, 2001/14/EB), covering 
development of the railway transport sector and liberalization of the market, came into force. 

National railways must move from the self-regulative railway management model towards the 
more transparent one, i.e. by refusing monopolistic management system and changing into the 
commercial system, existing already in all other transport sectors. 

Passengers’ transport in the European Union countries on the average is increasing by 2% 
yearly, and transportation by railway – by 0,5%. Meanwhile, in the Central and East European 
countries passengers’ transportation by railway has been decreasing since 1989. From 1993 
up to the year of 2003, passengers’ transportation in these countries decreased by 2,5 times. In 
Lithuania passengers’ transportation by railways decreased by almost 5 times within the said 
period. 

During the last two decades a share of the passengers’ transport market has considerably 
dropped in all Europe. In short-distance routes the railway transport was replaced by the car 
and bus transport, and in long-distance routes it was replaced by the air and bus transport. 

Technologies of passengers’ transport organization were greatly influenced by the Council 
Regulation (EEC) No. 1191/69, later replaced by the Council Regulation (EEC) No. 1893/91, 
based on which the principles of social services rendered by railways were established. 

A public service should be provided not by means of the compensation principle, but based on 
the purchase of a service, by concluding a commercial agreement between the state and the 
service supplier, i.e. the railway. Thus, the European states, in the process of reorganization of 
their railways, were to follow these principles. Currently, neither of 17 European states 
finances passengers’ transportation from their own income. Allowances for some services are 
offered by 8 states, i.e. Austria, Finland, Germany, Italy, Holland, Sweden, Switzerland and 
the Great Britain. General subsidies are extended by 6 states – Belgium, Denmark, France, 
Greece, Portugal and Spain. 

Therefore, in order to establish clear economical conditions, it is essential to negotiate 
contracts on application of the public service undertakings and conclude them. Railway 
enterprises are not required to be engaged in both – economical management and ordering 
uneconomical services, without covering losses incurred. In future, this attitude should be 
followed not only in the European Union, but in Lithuania as well. 

When forming the Lithuanian railway sector policy, the principal regulations of policy on fee-
paying for infrastructure and on passengers’ transportation financing, applied in Swedish, 
French, German and British railways, could be followed. In these countries the main function 
of the infrastructure fee-mechanism is to ensure that all the infrastructure managing 
operational costs and all the infrastructure technical maintenance costs would be covered. In 
the mentioned countries the investment infrastructure costs are a prerogative of budget of 
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those states. Taxation consists of two main parts – a constant fixed fee on a specific term for a 
license to use the infrastructure and a rotational fee, depending upon the extent of 
transportation.  

 
2. Possibilities and Alternatives of Solving Problems Concerning  

the Passengers’ Transportation Financing 
The joint-stock company “Lietuvos geležinkeliai” (Lithuanian Railways) should carry out the 
state undertakings, which are loss making and yearly make up over 30 million Euro. Almost 
the whole profit of cost-effective activities is designated to finance the loss-making 
passengers’ transportation activity, i.e. cross financing. 

Currently, the joint-stock company “Lietuvos geležinkeliai” is not able to reject the cross 
passengers’ transportation financing, as it would mean a bankruptcy of the passengers’ 
transportation subdivision. Cross financing is inevitable when the state and municipalities are 
not capable of completely covering losses of the public service undertakings. 

Cross sponsorship may be reduced gradually, i.e. through the yearly increase of allowances, 
payable by the state and the municipality, to cover all the expenses related with passengers’ 
transportation by railways, also by auditing passengers’ transportation services, provided 
according to contracts, or replacing them by alternative means of communication. 

Whereas the loss-making passengers’ transportation activity is presently financed by profit, 
earned from cargo transportation, an independent passengers’ transportation enterprise would 
lose such a source of financing. Therefore, it is essential to immediately move towards a 
purchase of service, related with local passengers’ transportation by railways, by concluding a 
commercial contract between the state and the supplier of a service. 

Firstly, all local routes, which would cover all trips, should be examined; furthermore, it 
should be established how many and what kind of routes are needed for the Republic of 
Lithuania. Later, a contract between the Government and the joint-stock company „Lietuvos 
geležinkeliai“ should be concluded. The joint-stock company „Lietuvos geležinkeliai“ would 
obligate itself to transport passengers on the established routes by trains of a certain size, and 
the Government would partly finance this transportation. That would be a compensation (for 
non-received income on passengers, who are legally entitled to receive the railway transport 
privileges) and a subsidy (designated to cover passengers’ transportation losses that are not 
covered by the income incurred from passengers, including compensations, when, due to 
social reasons, it is not possible to establish such prices of passenger tickets that would cover 
transportation costs to the profit extent, established under the contract between the railway 
and the state). 

 
3. Measures to Reduce Transportation Losses 
The research showed that, in order to reduce passengers’ transportation losses, the state 
together with the joint-stock company „Lietuvos geležinkeliai“ must introduce the following 
measures: 

1. To ensure provision of the public railway transport services for the society, it is essential 
to implement the below indicated regulation: the Government or any institution 
authorized by the Government should ensure provision of railway passengers’ transport 
services for the society even under commercially unfavourable terms. Financing of 
transporters should ensure provision of services. 
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2. Whereas the local railway transport should ensure social needs of population, local 
passengers’ transportation by railway transport first of all must be treated as a service 
provided for the society, not as a sphere of profit search. 

3. It is essential to legalize the following concept: public-servicing undertakings. The public 
servicing undertakings include responsibilities assumed by the Government or any other 
institution authorized by the Government, municipalities and transporters to organize the 
public service for a salary by local railway routes of such extent and under such terms that 
are required by the Government or any other institution authorized by the Government 
and municipalities in accordance with the contracts concluded with transporters. 

4. It is essential to consolidate a principle of organizing the public transport service. 
Provision of the public local railway transport services for the society covers the 
following undertakings of customers and transporters: customers undertake to organize 
provision of the public railway transport service and to remunerate transporters for their 
performance in accordance with the contracts concluded; transporters undertake to ensure 
implementation of obligations defined by the customer, i.e. to carry out passengers’ 
transportation on routes, tariffs and other terms established by the customer. 

5. Planning and organization of the public railway transport activity. The following 
principles should be implemented:  
• When designing full-scale and detailed plans of the country, regions, towns and 

settlements, a necessity of using the public railway transport and the network of its 
routes should be taken into consideration;  

• Planning and organization of public railway transport activities should be carried 
out on basis of the detailed research of the society needs for this transport. 

6. Lithuania has to follow the European Community standards, i.e. the equal competitive 
conditions must be established for both road and railway transport.  

7. The attitude towards organization of routes should be radically changed, i.e. a route must 
be treated as a commodity, which must be sold by the customer – the state, the 
municipality – to transporters under the most favourable conditions. 

8. A successive system of taxation on using the infrastructure should be implemented, i.e. to 
establish periodicity, to review the taxation with a certain regard to the market realia. 

9. In railway transport the following major principles on guarantee of relations between the 
transport customers and the transporters: 
1) it is necessary to examine all local railway routes and establish how many and what 

kind of routes are needed for the Republic of Lithuania; 
2) in each route, based on the research, it is essential to establish how many routes are 

needed every day on separate week days, and also what kind of trains (size) should 
run on these routes; 

3) it is necessary to conclude the agreement on Public service between the Institution 
authorized by Government (preferably, Ministry of Communication) and the joint-
stock company „Lietuvos geležinkeliai“; 

4) the agreement, the same as in road transport, should provide financing of passengers’ 
transportation by railways and profitability; 

5) based on the EEC requirements (Commission Regulations (EC) No. 1191/69 and (EC) 
No. 1893/91), such agreements can be concluded with individual regions (areas) of the 
country. Each region (area) should compensate a corresponding part of losses, taking 
into account the amount of passengers of the exact region, carried by railway 
transport. 
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10. It is essential to establish a foundation for financing the railway infrastructure (except 
maintenance). The major financing sources should be the following: the deduction from 
excise duty on diesel fuel and lubricants; the Privatization fund allocations; the State 
budget funds; the European Community objective funds; the objective funds of 
international financial institutions; the objective funds of legal and natural persons; other 
sources of financing. 

 
Conclusions 
In summary, the following conclusions may be drawn: 

1. One of the biggest railway transport problems is insufficient activity independence 
from the state politics and regulation, inadequate financing of the activity spheres (rejection of 
the cross financing and the infrastructure maintenance at the expense of cargo transportation 
income) and the infrastructure. Due to this, railway competitive terms and effective 
development of transportation are get more complicated. 

2. When reforming railways, it is difficult to ex-parte refer to the European countries’ 
experience of today, as liberalization of the market not always gives the best results  
(experience of the Great Britain). In some cases in those railway enterprises, in which the 
state capital has remained, policy of prices is much more flexible. This is because they are not 
required to achieve profitability at any price. Private railways sometimes are seeking 
profitability even at the expense of traffic security. 

3. To ensure provision of the public railway transport services, the following regulation 
should be consolidated: the Government or any institution authorized by the Government 
should ensure provision of railway passengers’ transport services to the society, even under 
commercially unprofitable conditions. Financing of transporters should ensure provision of 
services.  

4. After the reform has been implemented, relations between the joint-stock company 
“Lietuvos geležinkeliai” and the state should have to be based upon commercial basis, by 
rejecting the cross passenger financing, by establishing reasonable fees for using public 
railway services and by ensuring financing of development of the infrastructure. In case of 
failure to ensure these conditions, a competition in the railway servicing market will be 
distorted: either exceptional conditions will be created for private carriers, or the public 
railway maintenance and development will be loaded only on cargo transporters, thus making 
these services non-profitable and uncompetitive with other types of transport. 
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1.  Introduction  
In the present paper, major functions of enterprises engaged in freight transportation by road 
which is associated with taking cargoes in and out from the terminal as well as the ways of 
coordinating the work of loading and transport facilities have been analysed and simulated. 
The time of harmonized operation of transport and loading facilities may be specified for 
vehicles which are running or being loaded or uploaded. 
The time of transportation depends on the speed and distance covered by a particular transport 
facility. The speed may be determined when the following factors are taken into account: 

- technical parameters of a vehicle including its dynamical characteristics, dimensions, 
the working order of a vehicle and its engine;  

- psychological features of the driver; 
- geometrical parameters of the route including physical profile of the downgrade, the 

area of the traffic lane and road surface; 
- general traffic conditions including the type of area (i.e. populated or not populated 

spaces), time of traffic (i.e. day, night), weather conditions (i.e. rain, snow, fog, etc.), 
types of transport facilities, traffic intensity, organization and regulation on the road, 
traffic restrictions, the number of pedestrians, the distance between departure and 
destination points, and the period of driving without breaks. 

In transportation, factors belonging to various groups have an impact on the vehicle’s speed. 
The conditions associated with the type of road do not vary. Variable conditions include 
adhesion of wheels on a road, visibility, mode and intensity of traffic. 
Speed may be considered a general criterion of various working conditions of a vehicle 
determining some operational characteristics. 
If the speed of a vehicle is assumed to be constant and time losses caused by speed decrease at 
loading and unloading terminals and the surrounding areas are assumed to be the delay time, 
the process of scheduling vehicle operation will be considerably simplified. 
Since the speed of a vehicle depends on many various factors, the impact of which cannot 
always be precisely evaluated, speed may be considered a random value governed by 
particular distribution laws.  
The solution of transportation organization problems in terms of time is simplified when the 
value sought, which is the speed of a vehicle, is considered an object of statistical observation. 
The delay time of a vehicle due to the operations of loading and unloading consists of the 
transportation processes taking a long time, i.e. loading and unloading, manoeuvring when 
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loading is over, manoeuvring over the area of cargo transfer, lifting a vehicle’s sides, fixing 
the cargo, documentation, etc. 

The highest standard delay time due to loading and unloading operations is determined by 
transportation tariffs depending on the methods of cargo loading and unloading as well as on 
the types of hoisting and loading mechanisms and the shape of cargo. 

The delay time of a vehicle caused by loading and unloading operations depends on many 
factors, therefore it may be treated as a random value. 

 
2.  Determining the Demand for Transport and Loading Facilities 
The work of transport facilities should be well coordinated with loading/unloading operations. 

For any period T  of continuous operation including the time interval between the loading 
(unloading) of the first and the last vehicles a close cooperation is needed. This implies that 
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here, apit  is the time of the i -th vehicle’s turnover; n  – number of vehicle’s turnovers in time, 
T ; kN  – number of loading machines; eA  – number of operating vehicles; kit′  – time of 
loading the i -th vehicle including the time of waiting for its arrival. 

If the average time of vehicle’s turnover is as follows: 
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while the average loading time and time of waiting for the vehicle to arrive may be written in 
this way: 
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then, the operation of vehicles and loading/unloading devices will be coordinated if: 
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The average time of vehicle’s turnover is expressed as: 

 
ap gr b aptt t t t= + + , (5) 

 
here, grt  is an average time interval between the moment when the handling of a vehicle at 
the loading area is over up to its coming back to the same terminal (vehicle’s return time); bt  
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– idle time of the vehicle waiting for loading/unloading; aptt  – time of vehicle handling 
(loading/unloading). 

The average loading time and time of waiting for vehicle’s arrival: 
 

k apt bt t t′ ′= + , (6) 
 

here, kt′  − average delay time of loading devices due to waiting for the vehicle to arrive. 

The time apt  and kt′  depend on bt  and bt′ , i.e. on the number of the available transport and 
loading facilities as well. 

If we assume that: 
 

k k apt bt t t t′ = = + , (7) 
 

then, the condition (4) will be of the form: 
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Let the time grt  referring to vehicle’s return to the initial point does not depend on the number 
of vehicles, then, taking into account the condition (4), we may write the following 
expression: 
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here, ε  is a coefficient expressing the coordination of operation of transport and loading 
facilities. 

The value of the coefficient ε  in calculations should correspond to the optimal relationship 
between the delay time of transport and loading facilities. Usually, the optimal value is 1<ε , 
however, in some cases, 1>ε  is used to ensure minimal delay time of loading equipment. For 
the harmonized work, we get 0b bt t′= =  and 1=ε  by eliminating delay time caused by other 
reasons. 

The work of transport and loading equipment at the terminals may be coordinated by 
choosing the required number of vehicles. 

If the calculated number of vehicles needed to coordinate the work with the available loading 
equipment at the loading terminal is fewer than the total number of vehicles set aside for this 
terminal from all unloading areas, then either the latter number should be decreased or the 
capacity of the loading terminal increased so that the following conditions are satisfied: 
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here, piA  the calculated number of vehicles for the i -th loading terminal; išijA  – number of 
vehicles loaded in the i -th and unloaded in the j -th terminal. 
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The same applies to any loading/unloading terminal. 

In organizing transportation in this way, special attention should be paid to the proportion of 
truck tractors and trailers ensuring well-coordinated work of transport and loading equipment. 
Similar problems should be solved when removable truck bodies and multi-usage containers 
are employed. 

Various schemes of a ‘shooting’ method exist including the coupling of trailers only in one of 
‘pendulum’ (half-shooting) route points. Given n  points on a route of bringing the cargo in 
and out by one truck, the number of trailers should not be lower than ( )1n + , with one trailer 
for working with a truck and others kept at the terminals. 

General conditions of the operation of trucks and trailers may be expressed as follows: 

with respect to loading/unloading terminals: 
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for loading operations: 
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for unloading operations: 
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here, .V eA  – number of trucks, apt  – average time of truck turnover; 
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here, ml  – route length (distance covered per turnover), km; .p pt  – average time of trailer’s 
recoupling, h.; n  – number of terminals for bringing the cargo in and out on the route; kt , 

pakt , šit  − average time of loading, loading up and unloading a semi-trailer (including the 
delay time due to performing these operations); Tv  – speed of a vehicle; kP , pakP , išP  – a 
number of semi-trailers available at loading, loading up and unloading areas, respectively: 
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If a vehicle has only one semi-trailer, then the total number of semi-trailers (engaged in 
transportation and loading and unloading operations) will be as follows: 

 

.V e k k pak pak iš išP A P n P n P n= + + + , (17) 
 

here, kn , pakn , išn  are areas of loading, loading up and unloading operations on the route. 

By substituting the values of kP , pakP , išP  into the formula (17) and taking into account that 

k pakn n+ +  išn n= , we will obtain: 
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By using the formula (18), the number of semi-trailers needed for any type of route may be 
calculated. 

The number of semi-trailers for a vehicle (truck) is as follows: 
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In the case of a pendulum route, when a loaded semi-trailer is delivered directly to a 
destination point and back ( .2m pak vl l= , .pak vl  is a distance covered by a loaded vehicle per 
run, km; 2kn n= = ; 0pak išn n= = ) we have: 
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For the case of a pendulum route with an empty vehicle on the way back ( .2m pak vl l= ; 2n = ; 

1pak išn n= = ; 0kn = ; pak iš kt t t+ = ), we get: 
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In the case of a circular triangle route ( .2 pak v
m
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= , where .pak vl  is an average distance 

covered by a loaded vehicle per run; β  is the vehicle’s usage coefficient; 3n = ; 
1k pak išn n n= = = ; iš pak kt t t+ = ) we obtain: 
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If a truck has more than one trailer (semi-trailer), the need for them is proportionally higher. 
As one can see from the above relationships, the number of semi-trailers needed is higher if 
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their delay time for loading and unloading šit , pakt  is longer, the speed of a vehicle Tv  is 
higher and the distance of transportation .pak vl  is shorter. Taking this into account we may 
state that the number of semi-trailers is directly proportional to the time pakt , šit , while its 
relationship with Tv  and .pak vl  is hyperbolic. For large distances am  is approaching 1, when 

.pak vl →∞ , i.e. 
.

lim 1
pak v

al
m

→∞
= . 

 
3.  Scheduling the Operation of Transport Facilities 
Traffic scheduling aims to minimize the delay time of vehicles and loading equipment when 
their work is not coordinated. Solving the problem will let us to optimize the schedules of 
vehicle operation and coordinate the work of particular transport facilities at the terminals. 

Regular arrival and departure of vehicles at loading and unloading terminals primarily 
depends on a rhythmic pace of their work. A schedule should ensure regular arrival of 
vehicles for the initial loading, coordinate breaks and vehicle’s arrival when the breaks are 
over. 

When vehicles do not arrive in time, this may increase the delay time of vehicles and loading 
equipment in transporting the cargo from one area to others (or vice versa). Let us consider a 
solution of this problem providing for the coordination of work of rolling stocks and 
loading/unloading equipment when the cargoes are transported from one area to many others. 

Two common cases are possible. Let the vehicles operate on the route with the same freight 
delivery distances and be empty on their way back. The required number of vehicles will be 
as follows: 

 
ap

e
pak

t
A

t
= , (23) 

 
here, apt  – time of vehicle’s turnover or the total time of loading and travel to the point of 
destination and back; pakt  – time of loading a vehicle. 

If the turnover values apt  and pakt  are the same, then, the number of vehicles obtained from 
the formula (23) may ensure the continuous work of loading equipment and help to avoid the 
delays associated with loading.  

Generally, the solution of the problem becomes more complicated.  

Let one loading mechanism be available at the loading area and vehicles of the same capacity 
q  be used for transportation. Vehicles will deliver the cargo directly to customers 1B , 2B , …, 

jB , …, nB  (or to their groups) in the amounts 1P , 2P , …, jP , …, nP . Thus, j
rj

st

P
n

qγ
=  hauls 

will be made delivering the cargo to every customer jB  or one haul to every j -th group of 
customers involved in the dispatching route ( stγ  is coefficient of static use of vehicle 
capacity) will be made. When the cargo is delivered, the vehicle returns to the initial point. 
The time of vehicle’s turnover on the route j  is equal to apjt  and the time of loading is 

pakj pakt t= . 
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The work may be organized in the following way:  
– loading equipment should work without breaks during the shift if the scheduling of 

transportation is to be observed; 
– some delay time of loading equipment is allowable when vehicles are being loaded. 

In both cases, the minimum required number of vehicles to deliver the cargo should be 
determined. At the same time, the sequence of the departure of vehicles should be established 
to minimize time losses by vehicles in the first case or the total time losses in the second. 

 
4.  Analysis of Work Coordination of Transport and Loading Facilities 

Taking Account of Random Factors 
The speed and delay time of vehicles (in loading and unloading) depend on many factors. 
Therefore, time losses in transportation should be considered as a random value. In fact, 
traffic does not always keep to the schedule based on the average speed and delay time of 
vehicles. This means that it is important to provide for possible deviations and analyse their 
reasons. 

Time of cargo delivery on the vehicle departure routes depends on the type of route, speed 
and delay time of the vehicle at the loading area and at any intermediate point. The sequence 
of points is determined not only by the total distance run by a vehicle but also by the time of 
its arrival at each point. 

Specifying the speed of a vehicle on the departure route the fact that the distances between the 
intermediate points are usually short, not exceeding 2−3 km. To simplify scheduling, the 
speed of a vehicle is assumed to be uniform and time losses at loading areas are considered to 
be the delay time. 

In assessing the total costs, the delay time is considered to increase when the number of 
deliveries grows. 

In delivering very small lots of cargo, the time for technological operations and that spent for 
preparation/completion of operations at any intermediate point should not be calculated 
separately because it usually exceeds the scheduled time. It is better first to determine the total 
time of unloading ( išt ) at any intermediate point and then to find the time of 
preparation/completion of operations. This would allow us to express the relationship between 
the above time and the size of cargo lot ( dg ) in the following way: 

 
iš t d užt t g t= + , (24) 

 
here, tt  – time of technological operations relating to unloading a unit cargo mass; užt  – 
additional time of driving in the intermediate terminal. 

In Fig.1, a statistical relationship between the delay time of tank vehicles at the intermediate 
points of freight transportation routes and the size of cargo lot is presented. The delay time of 
a vehicle at any point depends on some random factors. This accounts for the various total 
time of performing the work in particular cases. It is important to determine the allowable 
deviations ensuring the arrival of a particular vehicle at the specified points. 

If the number of hauls is small, then time losses, i.e. the delay time of a vehicle, may be 
planned according to is maximum value. However, the larger the number of hauls, and 
especially when it exceeds 10, the more the above assumption deviates from the expected 
time of arrival, because, in this case, the unfavourable conditions can hardly occur again. 
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A measure of random value variation may be considered its mean square deviation. It may be 
stated that possible time of transportation ranges from 1 Tt k σ−∆ =  to 2 Tt k σ+∆ =  (here, 1k  
and 2k  are coefficients to be applied depending on the determined time expenditures; Tσ  is 
average square time T  deviation in transportation). 

0
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8

0 25 50 75 100 g d , kg

t iš , min

t už

t iš =1,05+0,067g d

 
Fig. 1. The relation between vehicle’s delay time at loading terminals and the lot size 

 
On the dispatching routes with a large number of intermediate points for vehicle’s driving in, 
speed variation may be neglected because of the influence of cargo weight on the delay time 
of vehicles and its deviation from the average value. Then, for delivering cargoes to the point 
n , the following expression is valid: 

 

( )2

12 2

1

m

pj pn
j

T Ti
i

n t t

m
σ σ =

=

−

= =
∑

∑ , (25) 

here, pt  is average vehicle’s delay time at intermediate points, min; pjt  is the delay time at 
intermediate points for the j -th observation, min; m  – number of observations. 

In predicting the time of transportation on various routes, the random value pjt  should be 
considered with respect to two random factors: organizational conditions at the intermediate 
points and the amount of cargo ( dg ) delivered to each point, where the limitations are applied 

only to 
1

užn

st di
i

q gγ
=

=∑  and the number of driving in užn  is known. 

In scheduling traffic and loading equipment operation, the evaluation of the impact of random 
factors in transportation allows the losses to be considerably reduced. 
 
5.  Organization of the Continuous Work of Transport and Loading 

Facilities as a Problem of Mass Service 
The operational characteristics of mass service may be determined based on various criteria. 
Major of them are the total costs of loading/unloading one ton of cargo or of one vehicle’s 
loading/unloading operation and relative operation efficiency in a system (at a loading/ 
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unloading terminal). For the sake of simplicity of calculation, only the costs relating to losses 
as part of the total costs characterizing the efficiency of operation may be considered. 
The total losses of the system per hour may be obtained from the following expression: 

 
( )val pr už pr o dar užS C r n C n C n′ ′= + + +∑ , (26) 

 
here, prC  – losses due to one hour delay of a vehicle, Lt; prC′  – losses due to one hour delay 
of a loading/unloading mechanism, Lt; darC′  – cost of one hour operation of a 
loading/unloading mechanism, cond. units, r  − average number of transport facilities used. 
Cost value of one hour delay of transport and loading/unloading facilities in a system for 
other reasons: 

 

val pr pr oS C r C n′∆ = + . (27) 
 
The total costs and the value of losses calculated for one vehicle are as follows: 
 

( )val
k b apt

S
S t t

n
′= +∑∑ , (28) 

or 

( )val
k b apt

SS t t
n

∆ ′∆ = + . (29) 

 
By making transformations and taking into account (26) and (27) we get: 
 

( )apt
k pr pr o pr b pr b

už

t
S C r C n C t C t

n
′ ′ ′∆ = + = + , (30) 

1 o
k apt pr pr pr

už už

nrS t C C C
n n

  
′ ′= + + +  

  
∑ . (31) 

 
It follows from (29) and (30) that  

 
( )k k pr dar aptS ž S C C t′∆ + +∑ . (32) 

 
Since the total costs ( )pr dar aptC C t′+  do not depend on the controlled parameters, then the 
optimal criteria of the system functioning (30) and (31) are equally important. When solving 
the optimization problem based on minimal costs of the output unit (1t), the relationship (31) 
should be used. 

The delay losses experienced for other reasons calculated for one loading operation kS∆  are 
related to losses of one hour in a loading operation of a vehicle, that is: 

 

( ) aptval
k b apt val

už

tSS t t S
n n

∆ ′∆ = + = ∆ . (33) 

 
The second optimization criterion ( minkS∆ → ) corresponding to the requirements of 
transportation organization based on minimum cost of the output unit is more appropriate. 
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The evaluation of total costs variation when the costs changed with respect to the work for an 
hour valS∆  contains a slight error, as shown by the equation (33), not only for the case when 

užn n→ , or 1 0už
k

n
n

ω  = − → 
 

. 

The labour input in cargo loading/unloading is expressed in this way: 
 

( ) ( )1 1b apt
k už k apt k

už

t t
I r n nR t r nR

n n
′ +  

= + + = + + 
 

∑ , (34) 

 
here, kR  is a number of workers engaged in loading operations or working with loading 
equipment. 
It is advisable that a driver of a vehicle be around waiting for loading operations to be over. 
Non-technological idle time of drivers and loaders during the loading of one vehicle is 
expressed as follows: 

 

( ) ( )b apt apt
k o k o k b b k

už

t t t
I r n R r n R t t R

n n
′ +

′∆ = + = + = + . (35) 

 
It is clear that labour input into minimal total and relative operations in the loading area 
depends on the choice of control parameters when time losses are minimal. The losses are 
found from the relationship (35) to be used in solving the problem of optimal system 
operation based on the criterion of minimal labour input. 
Analytical models of the theory of mass service are aimed to satisfy the requirements of a 
stationary Poisson’s flow and exponential service time. However, in many cases, major 
characteristics of loading areas do not meet these conditions. The requirements raised for 
services are not always constant. Three phases of operation of loading terminals may be 
distinguished including the initial, stable mode and final stages. 
The unstable operation can be observed before and after breaks. 
Poisson’s and exponential distribution describes random uncontrolled actions. If they may be 
applied to describe the operation of loading/unloading terminals, this signals about poor 
organization of transportation and loading processes, which need to be considerably 
improved. 
However, analytical models based on Poisson’s flow and exponential service time distribution 
is the simplest analogues of loading terminal functioning. By their analysis one can get the 
insight into the nature of the above processes. In some cases, the results of the decisions made 
by using these models may be considered as boundary conditions. 
Let us consider a simple closed system of mass service (Fig. 2). There are m  vehicles 
(demands) serviced by n  loading mechanisms. Every vehicle makes a flow of demands 

1

grt
λ = , though when it is not serviced, the flow of demands in the time of servicing ends. 

The time of satisfying (servicing) one demand makes 1
aptt

µ
= . If at the time of vehicle’s 

arrival there are no free loading mechanisms, it should wait in a queue for an unlimited period 
of time for servicing. 
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Fig. 2.  An operational scheme of mass service closed system 
AM – service unit, RŠ – source of demand 

 

In a discrete system with continuous waiting time, the pace of vehicle’s arrival at the loading 
area is proportional to the number of vehicles outside the above area, while, if there are no 
vehicles at the loading area, it is equal to mλ . The higher is the number of vehicles in a 
queue; the lower is the intensity of the flow, and vice versa. 

One of the major characteristics of mass service is ξ , representing the probability that a 
vehicle can be outside the loading area at any moment of time. The value ξ  is also referred to 
as a coefficient of the efficient use of equipment (a vehicle in this case). It may be calculated 
from the formula: 

1 k
m

ξ = − , (36) 

 

here, užk n r= + is an average number of vehicles at the loading area. 

The probability that a vehicle will be outside the loading area ξ  may also be determined from 
the formula: 

 

gr

gr k

t
t t

ξ =
+

, (37) 

 

here, 1
grt

λ
=  is the average time of the vehicle’s return, while the average time of loading the 

vehicle at the loading area is as follows: 
 

1
k grt t ξ

ξ
−

= . (38) 

The above time consists of the time of waiting in a queue and time of service. The average 

time of servicing a vehicle is 1
aptt

µ
= . It follows that the average waiting time (in a queue) 

may be described as: 

1 1 1
b k aptt t t ξ

λ ξ µ
−

= − = ⋅ − . (39) 
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6.  Simulating the Work of Transport and Loading Facilities 
Let the system of mass service consist of stages at which several pieces of service equipment 
operate. If all the facilities available at a particular stage are working, then the needs 
(demands) which were satisfied (serviced) at an earlier stage are waiting in a queue. This 
system consists of several stages of service. At each stage, a queue is formed. If, after being 
serviced at the N -th stage, a vehicle returns back to the initial stage, such a system is referred 
to as a closed system. 

Mass service systems including multi-linear and multistage systems as well as their 
connections with other systems, are referred to as a mass service network. A process of 
transportation may be described in terms of mass service network performance, the service 
stages of which are assumed to be a sequence of loading/unloading operations as well as the 
movement of a loaded or empty vehicle on particular route sections. 

The operation on a particular route with a servicing sequence is similar to a transporting 
conveyor. If we imagine this process as a mass service network, the appropriate conclusions 
may be made. 

The loading of a vehicle is carried out at the i -th point, its duration is expressed by a random 
value. In order to construct an analytical model, let us assume that the value is distributed 

according to the exponential law with the parameter 1
i

aptit
µ = . 

The distance run by a vehicle from the i -th to ( 1i + )-th point is a constant value. It 
corresponds to the constant time of the vehicle’s movement iτ . 

Let us analyse the solution of this problem as the work of a conveyor system which may be 
considered equivalent to the operation of vehicles on particular closed routes. 

Each point (road section) with the stable servicing sequence iτ  may be substituted by 
imaginary points z , at which the time of service duration is distributed exponentially with the 

parameter 
i

z
τ

, ( )1, 2, .., i n= . If the vehicles at imaginary points are not delayed by waiting 

for servicing, then the average total time and the average square deviation are equal to iτ  and 

i

z
τ , respectively (if z  approaches a constant value). Thus a service system with imaginary 

points may be used as a good approximation in analysing the operation of vehicles on separate 
routes. 

Providing the real and imaginary service points with numbers according to their order of 
priority depending on the results obtained for closed systems, we may consider that there are 

sm  vehicles at the s -th point ( )1, 2, ..., s N= . Even when all m  vehicles would be found on 
some road section connecting two points (imaginary points of the i -th group), a probability 
that all vehicle m  will be at one of the imaginary points approaches zero when z  is 
increasing. If at a particular route section a smaller number of vehicles m  is found, then a 
probability that the queues will be formed at the imaginary points approaches zero 
proportionally to the number of points. In a boundary case, when ( )z N→∞ →∞ , a 
probability that im  vehicles are at the i -th point, with the independent distribution of vehicles 
at the route section, may be found as follows: 
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implying that there are no vehicles at all loading areas; 

 
i iv µ τ=  

 

1

n

i
i

τ τ
=

=∑   – is time of vehicle’s turnover. 

 
The equation (40) determines the distribution of vehicles at particular points and road sections 
on particular closed circular routes including random loading areas. 

 
7.  Statistical Modelling of the Operation of Transport and Loading 

Facilities 
To solve the problems of organizing the work in the loading areas, time characteristics of the 
observed mass servicing cannot be always used for determining major parameters of the 
analytical approach relating to the performance of mass service systems theory. 

The variation of the above system under various operational conditions may be determined by 
constructing a model based on the collected statistical data. 

Let us consider its application to the joint operation of vehicles and excavators. 

Since vehicles arrive for servicing (loading) randomly, and the duration of the process and the 
return time of a vehicle are also random values, then, at the particular time, both vehicles and 
excavators may be idle. Depending on the number of vehicles, the delay time and the cost of 
the vehicle output and transportation of 1 ton (1 m3) of earth may vary. 

The data obtained describe the results of special analysis of random time values referring to 
the return of the vehicle grT  and its handling aptT  (if they are normally distributed, it is 

sufficient to have their average values grt , aptt  and the dispersion 2
grtσ , 2

apttσ , the minimum 

and the maximum number of vehicles minm , maxm , as well as en  simulations of the demands 
for servicing ensuring precise calculation, i.e. the sample determined by commonly used 
statistical methods). 

To determine the above volume n , the average random value t  should not differ from the 
mathematical tm  by more than ε  with a given probability: 
 

( )pat tP t mβ ε= − < . (42) 
 

A relative error for a given sample is as follows: 
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pat
t S

t nt
βεδ

⋅
= = , (43) 

 
here, 

pat
tβ  – confidence of a given probability of the obtained result patβ ; S  – mean square 

cost error; ε  − coefficient expressing the coordination degree of operation of transport and 
loading facilities. 

The relationship S
t

may be obtained by evaluating a sample of 15-20 pieces of data. 

Based on the expression (43) the graphs , , 
pat

Sn f t
tβ δ

 
=  

 
 (Fig. 3) for the case 0,95patβ = , 

1,96
pat

tβ =  were made. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  Graphical representation of determining the required sample 
 
 

The given system is closed. A flow of demands (vehicles) is formed when the individual flow 
of demands for each vehicle is formed. Its intensity is a variable, which is equal to zero when 
all vehicles are waiting in a queue and in the loading area. However, when there are no 
vehicles in the loading area it reaches the maximum value. 

Let us consider the modelling of the i -th vehicle (demand) arrival and handling (Fig. 4). In 
this case, the data obtained in modelling the previous ( 1i − )-th demand handling should be 
partially known: 1

pab
it −  − time of completing the previous ( 1i − )-th demand handling; 

( )1, 2, ..., kT k m=  – all moments of the k -th vehicle arrival and loading; 
1

1

i

aptl
l

t
−

=
∑  − the total 

service time of the previous demands (from 1 to ( )1i − ); 
1

1

i

bl
l

t
−

=
∑  − the total delay time of 

vehicles (demands) waiting for handling and of excavators waiting for demands; 1in −  – 
number of demands handled till the i -th demand was obtained. 

In modelling the first demand, the above values, except for the moment kT  formed according 
to the specified distribution laws, are equal to zero.  
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The iteration 1 was used to determine the moment of the arrival of the i -st vehicle (demand) 
at the system ij

it . This will be denoted by a : 
 

minij
i k at T T= = , (44) 

 
here, kT  – moments of the arrival of different vehicles, 1, 2, ..., k m= . 

If there are several equal minimal kT  values, a vehicle with the smallest number in the queue 
is handled. 

The iteration 2 is used to obtain the time of handling the i -th demand (loading of vehicle) 
aptit  according to the given distribution laws. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. A diagram representing the simulation of the joint work of vehicles and excavators 

The iteration 3 compares the moments of the arrival of the i -th demand ij
it and the completion 

of the ( )1i − -th demand 1
pab

it − by excavator. If 1
ij pab
i it t −≥ , then, the excavator is free and the 

transfer to the 4-th step is possible; in the opposite case, the 5-th iteration is used. 
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With the help of the iteration 4 the delay time of the i -th demand (vehicle) bit  due to waiting 
for handling is determined: 

1
ij pab

bi i it t t −= − . (45) 

Then, the initial and the final time of the i -th demand handling are determined: 

1 ;          

,

pr pab
i i
pab pr

i i apti

t t

t t t
− = 


= + 

 (46) 

and the total waiting time of all previously arrived l  demands, also including the delay time 
of vehicles (demands) before servicing is as follows: 

1

1 1

i i

bl bl bi
l l

t t t
−

= =

= +∑ ∑ . (47) 

The iteration 5 is used to calculate the delay time of an excavator (a loading machine) bt′  
caused by waiting for a vehicle (the i -th demand) to arrive: 

1
pab ij

bi i it t t−′ = − . (48) 

Then, the initial and the final time of the i -th demand handling are determined: 

;             

,

pr ij
i i

pab ij
i i apti

t t

t t t

= 


= + 
 (49) 

and the total delay time of handling equipment (an excavator) waiting for a vehicle to arrive 
is: 

1

1 1

i i

bl bl bi
l l

t t t
−

= =

′ ′ ′= +∑ ∑ . (50) 

The iteration 6 is used to determine the total time losses in handling the i -th demand. 

The iteration 7 is used to form the return time of a loaded (unloaded) vehicle grit  (the i -th 
demand) according to the specified distribution law. 

The iteration 8 determines the moment of the demand formulation for the a -th vehicle: 

pab
a i griT t t= + . (51) 

The iteration 9 is used to determine the number of demands to be handled: 

1 1i in n −= + . (52) 

The iteration 10 is used to check the conditions at the final stage of modelling, i.e. in  and rn  

(a number of hauls). When i rn n< , it is possible to go to 1
ij
it +  (iteration 1) applying the 

modelling of the i -st demand instead of the initial data, while for kT  data, the former moment 
of the vehicle’s arrival at the system is substituted with the value aT . If i rn n= , the optimal 
value of the criterion for a given number of vehicles m  is found. 
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Therefore, we can pass to the iteration 11 to determine the delay time of a vehicle (demand) 
waiting for handling by special equipment (excavator): 

1

rn

bl
l

b
r

t
t

n
==
∑

. (53) 

The iteration 12 is used to calculate the delay time of an excavator waiting for the vehicles to 
arrive: 

1

rn

bl
l

b
r

t
t

n
==
∑

. (54) 

The iteration 13 is the value of the efficiency function kS∆  (30). Then, the calculations are 
repeated for the cases, when the number of vehicles is equal to 1m + , 2m + . If, in this case, 
the optimality criterion kS∆  decreases, the number of trucks corresponding to 

minkS∆  is 

considered an optimal alternative. When the values of kS∆  increase, the alternatives with the 
number of vehicles 1m + , 2m + ,…, are calculated until an optimal solution is found for 

minkS∆ . 

The iteration 14 is used to calculate the excavator’s output per hour valD′ , when time losses 
for technical causes and breaks are not taken into account: 

 
st

val
apt b

qD
t t
γ′ =

′+
. (55) 

 
With the help of the iteration 15 average vehicle’s output per hour is calculated: 

 
val

val
DD
m
′

= . (56) 

 
The iteration 16 is used to calculate the cost of the output and transportation of 1 ton of cargo: 

 
( ).

.
pas b apt ppak v pasval

iš t kin
val st T st

C t t tl CC
S C

D q v qγ β γ

+ +′  
= + + + ′  

, (57) 

 
here, valD′  – cost of 1 hour of excavator's work, Lt; kinC  – variable costs of 1 km of vehicle’s 
run; pasC  – cost of 1 hour of vehicle’s delay time; pt  − average vehicle’s delay time at 
intermediate points, min. 

pr b dar apt
val

b apt

C t C t
C

t t
′ ′ ′+

′ =
′ +

, (58) 

 
here, prC′ , darC′  – cost of 1 hour delay time of excavation, cond. units. 
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8.  A Complex Solution of the Problems of Transport Facilities Selection 
and Stock Management 

Taking into account the dependence of transportation cost on vehicle’s capacity and size, 
models of stock management and transport facilities selection may be analysed from various 
perspectives. 

The cost of freight transportation varies depending on particular conditions. 

When the amount of a particular lot of goods g  exceeds vehicle’s capacity ( )stg qγ> , cost of 
transportation does not depend on the amount of goods in a lot, implying that, in this case, the 
delivery cost of 1 ton of cargo is constant: 

( )(1)
1TS g a= ; stg qγ> . (59) 

If the lot size corresponds to the capacity of a vehicle chosen from a number of vehicles in a 
queue ( )d stg qγ= , the delivery cost of 1 ton of goods may be obtained from the formula 

expressing cost of freight transportation on the delivery routes, i.e., when ( )1 0i il − − =  and 

st dq gγ =  ( stqγ  is a coefficient expressing the use of vehicle’s capacity determining its work 
load). In this case, the following function describes the relationship between the delivery cost 
of 1 ton of cargo and a lot of goods: 

( )(2) 2
2 2T

bS g a c g
g

= + + ; stg qγ= . (60) 

The delivery cost of 1 ton of cargo on the routes stg qγ<  depending on the average lot size is 
obtained from the following formula: 

( )(3) 3
3T

bS g a
g

= + ; stg qγ< . (61) 

The costs of cargo storage consist of storage costs, natural loss of weight and losses due to 
deterioration of consumer goods and costs of goods ‘freezing’. When containers are used for 
cargo delivery, the cost of their removal from the whole cycle should be taken into account. 

The cost of the storage of goods x  in a unit of time is as follows: 

( ) .saug saug tar t iš prS x xC C g k= + , (62) 

here, saugC , tarC  – the costs of storing 1 ton of cargo and containers per unit time; tg  – mass 
of containers in one cargo delivery, t; . .iš pr t iš prsk t t=  – coefficient of container removal 
periodicity ( .t išt  and prst  – time intervals between taking out of containers and cargo 
delivery). 

Since 

( )11
tt p tkg g g g= + = + , (63) 

here, pg  is mass of goods in one delivery operation, t; t t pk g g=  – container coefficient, 
then: 
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( ) .

1
tar iš pr t

saug saug
t

C k k
S x xC g

k
= +

+
. (64) 

 
The above model of managing stocks of goods when the costs of handling do not depend on 
the size of lots is simple. However, the following case describing the cost of handling a lot of 
goods g  is more common: 

 
( )3 . .už įv už įvS g a b g= + , (65) 

 
here, .už įva  and .už įvb  are constant values. 

Given the above relationships, a model of costs may be expressed as follows: 

The cost of making an order for a lot of goods: 
 

( ) . .
3

,   0;
0,  0;                    

už įv už įva b g g
S g

g
+ >

=  =
 (66) 

 
The cost of delivering 1 ton of cargo for a lot of goods g  is 

 

( )
1

2
2 2

3
3

, ;                    

,  ;

,  ;          

st

T st

st

a g q
bS g a c g g q
g

ba g q
g

γ

γ

γ


 >


= + + =



+ <


 (67) 

 
The cost of stock storage x  per unit time is as follows: 

 

( )
,  0;

,  0;               
saug

saug
C x pg x

S x
pg x

+ ≥
=  <

 (68) 

Let us consider the simplest management model of storing the same goods for a given 
constant demand with the intensity r . The delivery value g  connected with the relationship 

( )1p tg g k= +  of the delivered lot of goods is unknown. When the demand and supply are 
known, there is no need for piling up goods, because a new order is made when the stock of 
goods is over. The function ( ) px t g rt= −  indicates the available stock of goods in the time 
interval t . 

The dynamic problem is solved individually by considering a sequence of statistical problems 
for any interval of delivery prs pt g r=  specified by the conditions ( ) 0prsx t = . An average 
stock value during a particular period of time is as follows: 

 

( ) ( )0

1
2 2 1

prst
p

prs t

g gx x t dt
t k

= = =
+∫ . (69) 
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The relationship of the total costs calculated for one ton of cargo depending on the lot size is 
expressed in the following way: 

 

( ) ( ) ( ) ( )3 saug prs
T

S x tS g
S g S g

g g
= + + . (70) 

 
The considered alternatives of cargo delivery vary in the delivery cost ( )TS g . However, in 
any case, the relationship between the total costs and the size of cargo lot is described by the 
same formula: 

 

( ) bS g a cg
g

= + + , (71) 

 
here, only the coefficients a, b, c (Table 1) vary. 

 
Table 1. Constant coefficients for determining the total costs by the formula (71) 

 
Coefficient Delivery 

variant a b c 

stg qγ>  1 .už įva a+  .už įva  
( )

.
2

0,5

1
saug tar iš pr t

t

C C k k

k r

+

+
 

stg qγ=  2 .už įva b+  . 2už įva b+  
( )

.
22

0,5

1
saug tar iš pr t

t

C C k k
c

k r

+
+

+

stg qγ<  3 .už įva b+  . 3už įva b+  
( )

.
2

0,5

1
saug tar iš pr t

t

C C k k

k r

+

+
 

 
Based on the expression ( )S g g∂ ∂  we can find the optimal lot size: 

 

opt
bg
c

= . (72) 

 
The most optimal periodicity of load delivery is as follows: 

 

( )
.

.
1

1
p opt

opt prs
t

g bt
r k r c

= =
+

. (73) 

 
Let us assume that in the first delivery option ( )stg qγ>  the cargo is not delivered in 
containers, i.e. 0tk = , then we will obtain previously discussed Wilson’s formula: 

2 už
opt

saug

C rg
C

= , (74) 
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here, užC  – the observance of delivery terms. In the first model, only the cost of delivery and 
storage are taken into account. The delivery of small lots of goods in short intervals is more 
expensive from the organizational point of view, while the delivery of big lots in long 
intervals increases storage costs. 

The third model ( )stg qγ<  takes into account the cost of delivery depending on the lot size, 
however, only on the routes where cargo is taken out. In this case, the formula (72) 
determines the optimal average size of the cargo lot for several customers on the same route, 
while the lot size for individual customers should be determined depending on demand. 

The coefficient c  depends on the same factors as those relating to the first model, while the 
value of coefficient b  is higher than that of 3b  depending on the average distance run by a 
vehicle between the two intermediate closest points ( )1i il − − , zero vehicle’s run nl , and 

additional delay time of a vehicle at every intermediate point 3t . 

Since choosing the proper vehicle capacity for freight delivery on the dispatching routes is an 
extreme problem and the optimal vehicle’s capacity depends on the average lot size, the two 
problems including the choice of the lot size and vehicle’s capacity are solved together. 

The average lot size and vehicle’s capacity are found from the following system of equalities: 

( )

( )
( )

,  
0;

,  
0;

d st

d
d

d st

st

S g q
g

g g
S g q

q

γ

γ
γ

∂
= ∂  =

∂ = ∂ 

. (75) 

The relationship between the total costs for 1 ton of cargo and the average lot size g  is 

expressed by the equality (71) obtained by substituting the function ( )3
TS  taken from the 

formula (61) into the formula (70).  

By differentiating the equality expressing the total costs of transporting 1 ton of cargo 
according to dg  and išqγ  and assuming the results to be equal to zero, we obtain the systems 
(76) and (77). One of them is as follows: 

( )×+= td kg 1

( ) ( )

( )

. 1

.

1

0,5 1

km n
už įv l už pas uži i

d

saug tar t iš pr l

C la k l t C t r
T

C C k k k

δ − −

  
+ + + +  

  
 + + 

, (76) 

here kmС  − costs of 1 km run of a vehicle, lk  – coefficient taking into account additionally 
taken cargo, dT  – time of vehicle’s operation, tt  – time of unloading a unit cargo mass. 

The second formula is expressed in the following way: 

( )( )
( ) ( )

1

1

2

1

d i kmi i
iš

n
km km pas t l d uži i

d

g l l a
q

lb l b b t k g t
T

γ
δ

− −

− −

−
=

 
 + + + +   

 

. (77) 
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The values kmC  and pasC  in the above formula depend on vehicles’ capacity. The expression 
(77) determines the optimal capacity of vehicles operating on the routes for taking the cargo 
out. The system of the above equalities may be solved in a simple way by determining 
vehicle’s capacity and choosing an appropriate size of a lot of goods. Then, an optimal 
capacity may be determined for the vehicle. The calculations are made until the same results 
are obtained for two consecutive calculations, i.e. they yield the same value of vehicle’ 
capacity. The latter and the corresponding average size of a lot of goods will be considered 
optimal. 

 
9.  Conclusions 
1. The investigation has shown that there is a linear relationship between the vehicle’s delay 
time and the number of arrivals at intermediate points, implying that the higher the number of 
arrivals, the longer the delay time. 

2. The problem of transportation organization is considered in terms of mass service theory 
by minimizing unit cost of transportation. 

3. The problems of stock management and proper choice of transport facilities are defined 
and analysed taking into account the relationship between cost of transportation and vehicle’s 
capacity and size of cargo lots. 

By using mathematical statistical methods, the optimal vehicle’s capacity for a particular lot 
on the routes for taking the cargo out as well as the periodicity of cargo delivery is 
determined. 
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1.  Introduction 
Using new Information Systems between transport means is very important. The activities 
and using of IS of the state road Transport Inspectorate which is playing very important role 
in the development of transport system is described. There are showed activities of IS of 
Inspectorate, estimation of IS, computerized IS in Inspectorate. The estimation of 
interdepartmental collaboration and common IS using with foreign countries are showed. 

Analysis of technological processes and their optimisation in transport enables successful 
functioning of transport means, thus guaranteeing for consignee reliability, independency and 
quality [1−4]. 

The inspection quality partially makes a positive influence on security, freight preserve, and 
efficient delivery to the client. Therefore it is important to analyse technological processes in 
transport, their optimisation opportunities, as well as the application and assessment of 
models. 

 
2.  Activities of Information Systems (IS) of Lithuanian Road Transport 

Inspectorate (LRTI) 
One of the goals of the Inspectorate is to ensure equal competition environment to all 
participants of the road transport business. The Inspectorate protects interests of transport 
users by enforcing laws and other legislation regulating road transport activities. 

In implementation of the functions assigned thereto the Inspectorate is developing the legal 
base of its activities, it takes part in legislative activities, proposes draft amendments to and 
revisions of taws, drafts rules, instructions and other regulations within its competence. 

The Inspectorate has a very important role with regard to ensuring order in the Lithuanian 
road transport economy and integration of Lithuania to the European Union. 

While aiming at the exploitation of modern information technologies and telecommunications 
possibilities in order to implement the objectives of the Inspectorate as well as aiming to put 
into practice the concept of the electronic authority, the Inspectorate have worked out IS 
general project of modernization, the implementation of which is to KIS “Keltra” model 
change the Inspectorate’s current computerization state in terms of the use of information 
technologies, work organization and other aspects. IS model and its architecture are 
demonstrated below. Such IS model will enable us to organize a centralized data base at the 
Inspectorate’s central headquarters in Vilnius, to provide operative information to regional 
divisions in the shape of the data base replicas by means of on-line communication with the 
Inspectorate’s regional divisions as well as to unite local computerized networks of Vilnius 
central headquarters and regional divisions as well remote stationary and mobile 
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computerized workplaces into a common computerized network using MPLS VPN 
technology. Data exchange with other institutions as well as legal persons is to be based on 
HTTP/HTPPS official reports and data is to be transferred in portfolios. There should be 
organized www service and so on.  

 
3.  Estimation of Interdepartmental Collaboration and Common Using with 

Foreign Countries 
Analysis of interdepartmental collaboration between Inspectorate and institutions showed 
activity by changing data, data basis and electrical tools. Data is taken from 10 technical 
supervision enterprises. Data is sent to state institutions (The state taxman inspection, 
statistical department, and other juridical persons), Police department, Customs department 
usually take answer in writing form. 

Inspectorate is using technology by state organized security net for connection to state budget 
data basis in Finance ministry and documents basis in Communication ministry. Inspectorate 
is going to modernize IS activities and hope that consumers of modernized IS will be the 
following: 

• Inspectorate state officers and workers, who are using, analyzing this data in their 
activities; 

• workers and officers of other institutions who need data of inspectorate; 
• customers of Inspectorate, who can get information and take data about their 

activities; 
• other institutions, enterprises; 
• Lithuanian citizens; 
• members of EU road Transport Inspectorate, who carry on the control and rest 

regime drivers of transport means; 
• in future − institutions of EU. 

At present there is no unified interstate data exchange programme in road transport field of 
activities. This programme would be regulated not by EC members, but by EC legal 
enforcements and agreements. As a result of that the Inspectorate does not receive constant 
information related to the organization and carrying out of road transport activities. This kind 
of information is only exchanged in the course of interstate meetings when giving or receiving 
information in the written form. 

In accordance with EU Committee regulation 3821/83/EEC enacted in 1985, December 20, 
concerning the use of tachographs in road transport means starting with 2005, transport means 
should be equipped with electrical devices which will calculate drivers’ work and time. There 
will be observed common regulations associated with drivers’ work and time accounting as 
well as with drivers’ time and work regime control. Each EU member-state will have to create 
its own drivers’ work and time accounting system. Yet, there will be a possibility for each EU 
member-state to get acquainted with drivers’ work and time accounting data bases that have 
been accumulated by other member-states. For this purpose there will be used IDA 
programmes (see below), which organize safe EU states institutions network as well as such a 
service as TACHONET. TACHONET network service is an organized telematics network for 
exchanging information about the issued tachograph cards to drivers, working on EU scale 
and enabling us to monitor professional drivers’ driving and rest time. 

In accordance with the requirements of EU Committee’s directives No 70/156/EEC and No 
92/61/EEC as well as their later supplements, all EU states accumulate data about the 
adequacy assessment of transport means in their particular country. This is the accumulation 
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of the information about technical characteristics of transport means as provided by its 
producer, which describe transport means in detail, in order to control transport means 
adequacy to the producer’s technical requirements and ensure that a user acquires only safe, 
checked and certified transport means. In Lithuania all the data concerning transport means 
adequacy assessment is accumulated by the Inspectorate, the data is provided by the public 
establishment “Regitra” as well as by technical service institutions. An adequacy assessment 
system of high quality has been created in Latvia, (on the basis of ORACLE data base control 
system and safe data conveyance network) Holland and other countries. 

There are not legal acts that would regulate the organization of the centralized data base of 
transport means adequacy assessment. Yet taking into account the accumulation of that data 
in each country, it would be expedient to organize interstate exchange of adequacy assessment 
data or exchange data in any other way. 

 
4.  Application of Technological Means and Modelling of Processes  

in Transport Means  
Analysis of management by complex technical systems. Management problems are very 
important and urgent. 

Management of the quality of transport technologies application in transport covers an 
integral multi-plan process and consists of the following operations: analysis of management 
system, planning of transportation quality (security of transportation, safety of transported 
goods, processing of transportation documents), reception of the information on haulers 
participating in the process of transportation, analysis of this information, reception of feed 
back information and its analysis. 

Management of quality of technological means application in transport, which meets the 
general theory of management of transport, embodies an integral multi-plan process 
consisting of the following operations: 

• Creation of management programmes; 
• Planning of transportation quality (transportation safety, security of goods, 

documentation procedures, etc.); 
• Reception of data and analysis about all haulers participating in freight 

transportation; 
• Indications arising from received information analysis. 

Thus the management of technological means application quality or technology of transport 
covers implementation of means, handling and consolidation. The main principles of 
management technologies are the following: systematic definition of tasks, adaptation, 
dynamics, quality normative, and standardisation. 

The optimum achievements of technological quality standards are defined on the basis of cost 
of organisational-technical and economic measures interrelated with commercial principles 
and impacting certain factors and conditions. 

Creation of a model of transport starts from the analysis of the modelled object, by the 
application of mathematical formulae, accumulation of information with the aim of qualitative 
coordination on the basis of experimental mode and with the view of accomplishing the task, 
to make its analysis, correction of model by supplementary solutions and finally, to carry out 
the last testing of the experimental model. Only after accomplishment of such operations, the 
model may be disposed to information system for the use and accomplishment of the tasks 
[11−14]. 



Transport and Telecommunication Vol.5, No 3, 2004 

 59

The object analysis has to pertain to a full view of the modelled system and its management 
capacities.  

From the mathematical formulation of the system will depend on how efficient will be the 
system. The mathematical formulation of the systems makes the modelling of the whole 
process, i.e. description of economic processes and economic-mathematical actions of the 
model. The aim of modelling is a possibility to manage and control a concrete process.  

Several mathematical models are used for the optimisation of the process in transport: 
• Optimal programming: linear, non-linear, discrete, block, etc.;  
• Network methods of management and planning; 
• Theory of mass servicing/handling, etc. 

In general the mathematical model may be expressed as follows: 
 

( ) ( )1 2, , ..., max minnz f x x x= → ; (1) 

( )1 2, , ..., i n ix x x bϕ = ≤ ( )11, 2, ..., i m= ; (2) 

( )1 2, , ..., i n ix x x bϕ = = ( )1 21, 2, ..., i m m m= + + ; (3) 

( )1 2, , ..., i n ix x x bϕ = ≥ ( )2 21, 2, ..., i m m m= + + ; (4) 

0jx ≥ ( )11, 2, ..., j n= ; (5) 

jx ( )1 21, 2, ...j n n= + + ; (6) 

0jx ≤ ( )2 21, 2, ..., j n n n= + + ; (7) 
 

here (1) − the function of aim; (2)−(7) − restriction system; ≥ib free members of restrictions 
( )ml  ..., 2, 1,= . 

The aim of the system is to show the system’s condition to be achieved in the process of 
management. The use of methodological basis in the creation of technological management 
would enable a possibility to meet all the demands and requirements of the market.  

The efficiency of the technological process may be evaluated by the only criterion – the 
growth of national income in regard with the production costs or increased transportation 
resources under the optimal proportion between consumption and accumulation funds. 

By their content all economical criteria of the national economy may be attributed to one of 
the three groups: 

• Maximum economical effect under fixed expenses/costs; 
• Minimum expenditure under fixed effect; 
• Maximum economical effect by using available resources. 

Given the concrete task the economical criteria have to meet these requirements: 
• To reflect objective demands of the national economy for handling/servicing 

system; 
• To reflect the demand of this service for the national economy system; 
• To reflect costs/expenditures and obtained results; 
• To foresee the scientific progress of this type of services. 
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Optimal selection of the criterion sometimes causes certain difficulties and problems that 
cannot be solved unambiguously. The criterion of application of technological means has to 
be analysed comprehensively, so that afterwards to avoid errors in the solution of problems. 
The criteria usually depend on management parameters ( )jx . Shifting dimension changes 
depending on the number of variation possibilities. Most peculiar are those that are using in 
tasks various technologies. Not only relevant technologies often are included into the model, 
but the indices defining the economical parameters of the system as well [13−14]. 

 
5.  Using of Models in Transport Terminals 
Lithuanian transport system development strategy foresees the investigation of the interface 
between all transport modes, namely: road, railway, maritime, inland waterways, pipeline and 
in part, air transport [10]. For this reason the whole number of models was adapted and 
principally changed. 

Static model with discrete-continuous variables. If we dissociate ourselves from the structure 
of transportation volumes and changes of direction in time, then the model of the problem 
may be presented as follows: 
 

( ) ( )
, , 

min , min , uk ukX X u k
F X f X X

η η
η ηΠ= ∑∑ , (8) 

 
When there are restrictions: 

 
pS X b= ; (9) 

0X ≥ ; (10) 

0 , 
1uk u kη = ∀


; (11) 

1   uk
k

uη ≤ ∀∑ ; (12) 

1 0  u uk
k

X uη
 
− = ∀ 

 
∑ ; (13) 

  juk uk j
u k

r R jη ≤ ∀∑∑ , (14) 

where ukf  − function of brought out costs exposed in the network element  u, being  k  level 
of its development (taking into account the development costs); X − initial vector of network 
loading by flows of all freight types; ΠX  − defined vector of network loading with passenger 
transport; b − vector of shipment-delivery amounts in the network peaks; uX  − loading vector 
of the network element loading u; ukη  − indices showing the network element’s  u  status  k  
(if 1=ηuk , then it exists, if 0=ηuk  − it does not exist); { }ukη=η  − the sought vector of the 
status of technical furnishing of network elements; jukr  − use of the resource  j  in the network 
element  u, seeking to lead it from the initial status into the k status; jR  − general permissible 
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consumption quantity of the resource j; pS  − generalised incidents’ matrix corresponding to 

the flows of transportation of non-uniform freights: ijlp SS = , whereas pl  ..., 2, ,1= ; 

 
1,   if the radius of the network goes out from the 

        node  and it is possible to perform   
        by it the transportation of  type freight 
        (total number of freight types - );ijl

i
l

S p

+

=
1,   if the radius  goes enters into the node  and it 

        is possible to bring by it the freight ;
   0-other cases.

j i
l







−




 

 

Thus, according to the purpose function (8) general brought out costs are minimised when 
there are restrictions:  

a)  restrictions of a technological type (8) and (9) − the condition that all transportations 
should be performed; 

b)  for reconstruction: restrictions (11)−(12) − every element may be only in one status, 
and if the element is not created, then the work performed by it equals zero − restriction 
(9)−(14); 

c)  resource restriction (14) − every resource type may be used within the limits of the 
defined amounts. 

In solving the problem (8)−(14) there is obtained the list of means of the optimal development 
of the network, however, there are not identified their implementation terms, as well as their 
stages, i. e. a successive change over the time of the level of the elements of technical status.  

 
6.  Conclusions 

1. Having considered LRTI IS use, IS current situation and prospects, having 
evaluated interdepartmental and interstate data exchange, it is obvious that: 

• LRTI IS activities analysis shows the use of the internet communication as means of 
communication with data basis located at other institutions. It has been found out 
that the Inspectorate collaborates with others; 

• institutions by means of data exchange or electrical tables as well as make use of the 
safe state data conveyance network (SDCN) organized on the basis of VPN 
technology with other state’s institutions; 

• it has been found out that at present SDCN is decentralized, therefore it is difficult 
to administrator it; 

• bearing in mind modern technologies and legal acts IS modernization is being 
prepared in order to implement modern technologies and telecommunication 
possibilities for interdepartmental and interstate collaboration. 

2. It was explained that technological service of transport means consists of 
technological operations of transport means, of the transport terminals graphically reflecting 
the sequence of working operations in regard to aerial location, necessary equipment, outfit 
and workers. 
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3. The analysis showed that complex approximation of the technologies used by the 
organisation and those rationally functioning within it enable optimisation of technological 
document handling process. 

4. The described models may be used also for the solution of complex problems, for 
instance, for the assessment of efficiency influence on separate transport means functioning. 
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1. Introduction 
Aircraft structures have many components. Maintaining high reliability for these structures 
generally requires that the individual structure components have extremely high reliability, 
even after long periods of time. Prediction of fatigue crack growth in the above components 
has not been an easy task. This is mainly because the manner in which the various parameters, 
such as loads, material properties and crack geometries, affect the crack propagation is not 
clearly understood [1]. This, consequently, had led to a proliferation of hypotheses and laws 
for describing fatigue crack propagation [1-3]. Most of these models are based on concepts of 
the continuum theory with the assumption that cracks propagate in an ideal continuum media. 
Actual metallic materials, however, are composed of random microstructure described by 
various micro-parameters, which can seriously affect the growth of a crack in these materials. 
As a result, the deterministic theories can only be accepted as an approximation of the actual 
random fatigue crack propagation process, which, broadly speaking has, 5 phases: 

1. Dormant. There are no cracks in the materials. 
2. Nucleation. The crack is initially formed. 
3. Micro-crack growth. The crack grows rather haphazardly up to about 1 mm in length. 
4. Macro-crack growth. The crack continues to propagate before its growth rate finally 

increases dramatically. 
5. Failure. The component fails; this occurs very quickly, relative to the other phases, 

and can be ignored as a factor in determining reliability. 

In the Fracture Mechanics approach to fatigue problems it is assumed that failure is caused by 
the unstable growth of a leading crack, which initiates, propagates and reaches a critical size 
due to the fluctuations of the stress field around the crack tip. The transition from the 
initiation to the propagation stages corresponds to the distinction made between micro- and 
macro-cracks. Once a crack has attained a certain threshold size, failure occurs very rapidly. 

Thus, statistical fatigue life of structural components of aircraft may be divided, in general, 
into three stages, namely, crack nucleation, small crack growth, and large crack growth. Crack 
nucleation and small crack growth show a wide variation and hence a big spread on cycles 
versus crack length graph. Relatively, large crack growth shows a lesser variation. Therefore, 
different models are fitted to the different stages of the fatigue evolution process, thus treating 
different stages as different phenomena. With these independent models, it is impossible to 
predict one phenomenon based on the information available about the other phenomenon. 
Experimentally, it is easier to carry out crack length measurements of large cracks compared 
to nucleating cracks and small cracks. Thus, it is easier to collect statistical data for large 
crack growth compared to the painstaking effort it would take to collect statistical data for 
crack nucleation and small crack growth.  

At first, we consider in this paper the problem of estimating the minimum time-to-nucleation 
(or warranty period) for a number of aircraft structure components, before which no cracks in 
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materials occur, based on the results of previous warranty period tests on the structure 
components in question. 

If in a fleet of aircraft there are m of the individual structure components, operating 
independently, the length of time until the first crack initially formed in any of these 
components is of basic interest, and provides a measure of assurance concerning the operation 
of the components in question. This leads to the consideration of the following problem. 
Suppose we have observations X1, ..., Xn as the results of nucleation tests conducted on the 
components; suppose also that there are m components of the same kind to be put into future 
use, with times-to-nucleation Y1, ..., Ym. Then we want to be able to estimate, on the basis of 
X1, ..., Xn, the shortest time-to-nucleation (warranty period) Y(1)  among the components Y1, 
..., Ym.     

In this paper, the problem of estimating Y(1), the smallest of a future sample of m observations 
from the underlying distribution, based on an observed sample from the same distribution, is 
considered. A solution is proposed for the estimation of Y(1). Various properties of these 
solutions are derived, and illustrations are given for some important special cases. 

The results have direct application in reliability theory, where the time until the first failure in 
a group of m items in service provides a measure of assurance regarding the operation of the 
items.  

As aircraft structures begin to age (that is, as flight-hours accumulate), existing sub critical 
cracks or new cracks can grow in some high-stress points of the structural components. The 
usual approach is to inspect the structures periodically at certain intervals. Thus, a 
catastrophic accident during flight can be avoided. The problem then arises of choosing a 
sequence of inspection times which avoids both too many inspections, which may be costly, 
and too few inspections, which may also be costly due to a crack in aircraft structure 
component not being detected for a long period. 

Barlow et al. [4] tickled this problem by assuming a known, fixed cost of making an 
inspection and a known fixed cost per unit time due to undetected failure. They then found a 
sequence {u1, u2, …) of inspection times for which the expected cost is a minimum. Their 
results have been extended by various authors. A sub-optimal (or nearly optimal) but 
computationally easier inspection policy has been suggested by Munford and Shahani [5].  

There are a number of practical difficulties associated with the cost formulation of Barlow et 
al. [4]. One difficulty is the computational problem of working out the optimal inspection 
times {u1, u2, …}. A second, more fundamental problem is the difficulty, in many situations, 
of assigning quantitative values to any costs due to undetected failure or to inspections. This 
particularly applies to medical applications, where patients are periodically tested for the 
onset of a disease. Thirdly, even in situations where quantitative costs can be assigned, these 
costs will often not be fixed. The cost of an inspection may vary with time and with various 
other factors, such as the availability of technicians, and the cost due to undetected failures 
may also depend on a variety of factors which may be changing with time.  

Finally, the system may assume various levels of efficiency, all classified as ‘working’, before 
it fails. (This aspect has been considered by Kander [6]). In these last two situations, rather 
than choosing the complete inspection schedule at the start, it would seem better to make the 
choice sequentially. After each inspection before failure, the next inspection should be 
scheduled taking into account the present condition of the system and all other, relevant 
factors. 

In this paper, a simple approach is proposed for situations where it is difficult to quantify the 
costs associated with inspections and undetected failure, or when these costs vary in time. It 



Transport and Telecommunication Vol.5, No 3, 2004 

 65

allows one to find the inspection policies for detection of micro-cracks in critical structural 
components of aircraft under the assumptions that the parameter values of the underlying 
distributions are known with certainty as well as when such is not the case. Furthermore, 
obtaining inspection schedules under macro-crack propagation is considered. 

 
2. Estimation of Warranty Period 
 for Aircraft Structure Components 

In this section, we consider the problem of estimating the minimum time-to-nucleation (or 
warranty period) for a number of aircraft structure components, before which no cracks in 
materials occur, based on the results of previous warranty period tests on the structure 
components in question.  

Let X1 < X2 < ... < Xr be the first r ordered observations of time-to-micro-crack (about 1 mm 
in length) for identical structural components of aircraft from a sample of size n from a two-
parameter Weibull distribution with probability density function 
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Then the MLE’s σ  and γ  are solutions of 
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The variable lnX follows the extreme-value distribution, 
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where b = lnσ and c =γ-1. Now (8) is a distribution with location and scale parameters b and c, 
and it is well known that if ,b c  are maximum likelihood estimates for b, c from a complete 
sample of size n, then ( ) / ,b b c− ( ) /b b c−  and /c c  are quantities whose distributions depend 
only on n.  

In the present paper, we are interested in estimating Y1, the smallest order statistic in a future 
sample of size m from the distribution (1). Now, it is easily shown that 
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is parameter-free, with distribution depending only on n and m. Hence, probability statements 
for V lead to confidence interval statements for Y1. 

Let X1, X2, ... and Y1, Y2, ...  represent ordered observations. In particular, let X1 < X2 < … < Xr 
be the first r ordered observations from a sample of size n from the distribution (1), i.e., we 
deal with Type II censoring. It can be shown, using the invariant embedding technique [7-9], 
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Now the probability statement   
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leads to the warranty period (0, ))/vexp( γσ with confidence level 1−α. 

2.1. Example 
As an example consider the data of fatigue tests on a particular type of structural component 
of aircraft IL-86. The data are for a complete sample of size r = n = 5, with observations  
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Table 1. The Data of Fatigue Tests on a Particular Type  
of Structural Component of Aircraft IL-86 

Observations Time-to-micro-crack (1 mm) 
(in number of 104 flight-hours) 

1x  5 

2x  6.25 

3x  7.5 

4x  7.9 

5x  8.1 

results being expressed here in number of 104 flight-hours. On the basis of these data it is 
wished to estimate a lower 0.95 prediction limit on Y1 in a group of m = 5 identical 
components (for a fleet of 5 aircraft IL-86) which are to be put into service. 
Goodness-of-fit test. We assess the statistical significance of departures from the Weibull 
model by performing empirical distribution function goodness-of-fit tests. We use the S 
statistic [10]. For censoring (or complete) datasets, the S statistic is given by 
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where [r/2] is a largest integer ≤ r/2, the values of Mi are given in Table 13 [10]. The reject 
region for the α level of significance is {S>Sn;1-α}. The percentage points for Sn;1-α were given 
by Kapur and Lamberson [10].  
For this example,  

S=0.184 < Sn=5; 1-α=0.95=0.86. (13) 

Thus, there is not evidence to rule out the Weibull model. 

The maximum likelihood estimates are 42603.7=σ and .9081.7=γ  It follows from (10) that 
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and a lower 0.95 prediction limit for Y1 (warranty period) is 4.1730 (×104) flight-hours, i.e., 
we have obtained the warranty period 41730 flight-hours with confidence level 1 − α = 
= 1-0.05 = 0.95. 

 
3. Obtaining Inspection Schedules to Detect Micro-Crack 
Suppose an inspection is carried out at time t, and this shows that crack has not yet occurred. 
We now have to schedule the next inspection. Let X is the random time at which the crack 
may be occurred. Then we schedule the next inspection at time u>t, where u satisfies 

{ } .1tX;uXPr α−=>>  (15) 

Equation (15) says that the next inspection is scheduled so that, with probability 1-α, the 
aircraft structure component is still working and free of micro-crack prior to inspection. 
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The inspection times (u1, u2, …) can be calculated recursively as follows. Let F(u) be the 
cumulative distribution function of the time-to-micro-crack. Then (15) says that 
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that is, in other words, the probability that the micro-crack occurs in the time interval (uj,uj+1) 
without micro-crack at time uj is always assumed α. 

It follows from (16) that 
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With u0=0,  u1, u2, … can be calculated recursively from (18). So that: 
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the time uj (j=1, 2, 3, ... ) is given by 

. ... 3, 2, 1,j   ],)1[(Fu j1
j =α−= −  (20) 

Let N be the random number of inspections until the micro-crack occurs. Then 
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For example, if α=0.05 then, from (18), on average 20 inspections will be necessary. 

When the time-to-micro-crack obeys the Weibull distribution (1) with unknown parameters σ 
and γ, then the inspection times can be calculated recursively from 
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3.1. Example 

Under conditions of the previous example (for α=0.05) we have obtained the following 
inspection time sequence (see Table 2). 
 
Table 2. The Inspection Time Sequence 

jv  Time (104 flight-hours) 
ju  

Interval (flight-hours) 
1ju + − ju  

1v = −3.85897 1u = 4.558595 − 

2v = −3.44800 2u = 4.801761 2431.66 

3v = −3.15474 3u = 4.983170 1814.09 

4v = −2.92590 4u = 5.129477 1463.07 

5v = −2.73805 5u = 5.252782 1233.05 

6v = −2.57851 6u = 5.359829 1070.47 
  

 
 

 
 
4. Statistical Models for Estimating a Time-to-Failure Distribution  

for Structural Components of Aircraft 
The purpose of this section is to develop statistical models for using degradation measures to 
estimate a time-to-failure distribution for structural components of aircraft. The following 
examples provide some illustrations of degradation path models that lead to closed-form 
expressions for the cdf of the time-to-failure distribution.  

4.1. Examples 
Example 1. Suppose that the actual degradation path of a particular component is given by 
ϕ(t) = a + Wt, where a is fixed and W varies from component to component according to a 
Weibull distribution 
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The parameter a represents the common initial amount of degradation of all the test 
components at the beginning of the test, ϕ(0)=a, and W represents degradation rate. We 
assume that the component degrades monotonically in time and ϕ is an increasing function, so 
Pr{W > 0} = 1.  

For the critical level h for the degradation path above which failure is assumed to have 
occurred, we can write h=a+WT, and then the failure time T = (h−a)/W. The distribution 
function of T is 
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So the distribution function G(t) depends on a, h, and distribution parameters σ, γ. The 
distribution of T is known as the reciprocal Weibull because 1/T follows a Weibull 
distribution.  
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Similarly, if W follows a lognormal distribution (µ,σ2), then 
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where Φ(⋅) is the standard normal distribution function. This shows that T follows a 
lognormal distribution.  

Example 2. Suppose that a component path is given by ϕ(t) = a1 + W exp(a2t), a2 > 0, where  
a = (a1,a2)′ are fixed and W ~ lognormal(µ, σ2), so  
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Then T can be expressed as follows: 
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The distribution function of T for the critical level h is  
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The possibility of negative T arises because, if X > h − a1, then ϕ(0) > h and ϕ(t) crosses h 
before time 0.  

Example 3. We use fatigue-crack-growth data from Bogdanoff and Kozin [11] (see Table 3). 
There are 21 sample paths, one for each of 21 test units. We define a critical crack length of 
1.6 inches to be a "failure." We also assume that testing stopped at 0.12 million cycles. 

Table 3. Fatigue-Crack-Growth Data From Bogdanoff and Kozin [11] 

Million cycles 
Path    .00      .01      .02       .03      .04      .05     .06        .07      .08      .09      .10      .11      .12 
  1 0.90 0.95 1.00 1.05 1.12 1.19 1.27 1.35 1.48 1.64    
  2 0.90 0.94 0.98 1.03 1.08 1.14 1.21 1.28 1.37 1.47 1.60   
  3 0.90 0.94 0.98 1.03 1.08 1.13 1.19 1.26 1.35 1.46 1.58 1.77  
  4 0.90 0.94 0.98 1.03 1.07 1,12 1.19 1.25 1.34 1.43 1.55 1.73  
  5 0.90 0.94 0.98 1.03 1.07 1.12 1.19 1.24 1.34 1.43 1.55 1.71  
  6 0.90 0.94 0.98 1.03 1.07 1.12 1.18 1.23 1.33 1.41 1.51 1.68  
  7 0.90 0.94 0.98 1.02 1.07 1.11 1.17 1.23 1.32 1.41 1.52 1.66  
  8 0.90 0.93 0.97 1.00 1.06 1.11 1.17 1.23 1.30 1.39 1.49 1.62  
  9 0.90 0.92 0.97 1.01 1.05 1.09 1.15 1.21 1.28 1.36 1.44 1.55 1.72 
10 0.90 0.92 0.96 1.00 1.04 1.08 1.13 1.19 1.26 1.34 1.42 1.52 1.67 
11 0.90 0.93 0.96 1.00 1.04 1.08 1.13 1.18 1.24 1.31 1.39 1.49 1.65 
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Million cycles 
Path    .00      .01      .02       .03      .04      .05     .06        .07      .08      .09      .10      .11      .12 
12 0.90 0.93 0.97 1.00 1.03 1.07 1.10 1.16 1.22 1.29 1.37 1.48 1.64 
13 0.90 0.92 0.97 0.99 1.03 1.06 1,10 1.14 1.20 1.26 1.31 1.40 1.52 
14 0.90 0.92 0.96 1.00 1.03 1.07 1.12 1.16 1.20 1.26 1.30 1.37 1.45 
15 0.90 0.92 0.96 0.99 1.03 1.06 1.10 1.16 1.21 1.27 1.33 1.40 1.49 
16 0.90 0.92 0.95 0.97 1.00 1.03 1.07 1.11 1.16 1.22 1.26 1.33 1.40 
17 0.90 0.93 0.96 0.97 1.00 1.05 1.08 1.11 1.16 1.20 1.24 1.32 1.38 
18 0.90 0.92 0.94 0.97 1.01 1.04 1.07 1.09 1.14 1.19 1.23 1.28 1.35 
19 0.90 0.92 0.94 0.97 0.99 1.02 1.05 1.08 1.12 1.16 1.20 1.25 1.31 
20 0.90 0.92 0.94 0.97 0.99 1.02 1.05 1.08 1.12 1.16 1.19 1.24 1.29 
21 0.90 0.92 0.94 0.97 0.99 1.02 1.04 1.07 1.11 1.14 1.18 1.22 1.27 
 
 
Figure 1 is a plot of the crack-length measurements versus time (in million cycles), connected 
by straight lines. From this plot, we notice that about half of the units do not fail by the end of 
the test.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1. Fatigue-Crack-Growth Data from Bogdanoff and Kozin [11] 
 
 
Because the fatigue experiment was conducted on notched specimens, each with the same 
initial crack length of .90 inches, we are interested in the time to grow a crack from .90 inches 
to the critical crack length 1.60 inches. Table 4 gives the failure times and indicates which 
ones would have been censored if the test had ended at ts = .12.  
 

0.8

1

1.2

1.4

1.6

1.8

2

0 0.02 0.04 0.06 0.08 0.1 0.12
Millions of Cycles

C
ra

ck
 L

en
gt

h 
(in

ch
es

) critical crack size



Transport and Telecommunication Vol.5, No 3, 2004 

 72

Table 4.  Time-to-Failure Data From Bogdanoff and Kozin [11], Defined as the Time  
at Which Fatigue Cracks First Crossed the h = 1.60-Inch Threshold 

 
Path 

Failure time 
(million cycles) 

1 0.088 
2 0.100 
3 0.101 
4 0.103 
5 0.103 
6 0.106 
7 0.106 
8 0.109 
9 0.113 
10 0.115 
11 0.118 
12 0.118 
13 0.129* 
14 0.133* 
15 0.138* 
16 0.144* 
17 0.146* 
18 0.151* 
19 0.160* 
20 0.167* 
21 0.170* 

It will be noted that observations marked with an asterisk would have been censored for a test 
that ended at 0.12 million cycles.  

To give the degradation data analysis, we consider the Paris Law [12] which is widely used to 
describe the growth of fatigue cracks [13-16]. In a historical paper of 1963, Paris and Erdogan 
[12] discuss and criticize the crack propagation models available at the time, explaining the 
observed contradictions by the fact that only a small amount of data had been used in their 
validations. After re-plotting test data from several sources on a [ln(∆K)] vs [ln(da/dN)] 
graph, they found a data trend correlating to the equation: 

,)]a(K[Q
dN
da 4∆=  (31) 

where da/dN is the crack growth rate (a: crack length, N: number of loading cycles), ∆K(a) is 
the stress intensity factor range and Q is regarded as a material property. However, in the 
following years the range of available test data became still wider and (1) degenerated into the 
form: 

,)]a(K[Q
dN
da B∆=  (32) 

which represents the Paris-Erdogan model for macro-crack growth with both parameters Q 
and B being regarded as material properties. This model has been used successfully to 
describe the observed propagation of a dominant macro-crack in many experiments and the 
values Q & B have been established for a wide range of materials. We use a special case of 
this model in which ∆K(a)=a, for which a closed-form solution  
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[ ] )1B/(1 1B QN)1B()]0(a[1

)0(a)N(a
−− −−

=  (33) 

is available. Here a(0) is initial crack length at N = 0. This suggests, by taking logs and having 
a(0) = .90, the following nonlinear path model for the 21 test units: 

],NWW)0(a1log[
W
1)N( 21

W

1
1−−=ϕ  (34) 

where ϕ(N) = log(a(N)/a(0)) = log(crack length/.90), W1=B-1, W2=Q. Table 3 gives, for each 
sample path, estimates of the path parameters 1W  and .W2  

Table 5. Estimates for the Fatigue-Crack-Growth Data 

Path 
1W  2W  

1 1.229 5.32 
2 1.257 4.66 
3 1.533 4.47 
4 1.515 4.39 
5 1.470 4.39 
6 1.416 4.32 
7 1.481 4.27 
8 1.480 4.17 
9 1.574 3.96 

10 1.711 3.80 
11 1.780 3.69 
12 2.129 3.51 
13 1.784 3.38 
14 0.851 3.53 
15 1.426 3.48 
16 1.991 3.04 
17 1.569 3.05 
18 1.623 2.92 
19 1.957 2.72 
20 1.621 2.70 
21 1.601 2.60 

 
Using the results of Table 5 and the test for multivariate log normality [17-19], we can say 
that the random effects W= (W1,W2)′, corresponding to (B-1,Q)′ in the Paris Law, are from a 
bivariate lognormal distribution,  
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w1,w2>0, σ1,σ2>0, µ1,µ2∈(−∞,+∞), ρ∈(−1,+1).  (35) 
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5. Obtaining Inspection Schedules under Macro-Crack Propagation 
Let a (t) be the crack size of a fastener hole at t flight-hours, and a(0) be the initial macro-
crack size at t=0. Laboratory test data and analytical investigations [13-16] indicate that the 
crack growth rate for specimens under design loading spectra may be represented by 

,)]t(a[Q
dt

)t(da B=  (36) 

in which Q and B are parameters depending on loading spectra, structural/material properties, 
etc. 

Integrating eqn (36) from t=0 to t=τ, one obtains the relation between the crack size, a(τ), at 
any service time τ and the initial crack size, a(0), as follows 

[ ] .
Q)1B()]0(a[1

)0(a)(a )1B/(1 1B −− τ−−
=τ  (37) 

For the special case in which B=1, it can easily be shown that 
).Qexp()0(a)(a τ=τ  (38) 

Available in-service inspection data for various types of aircraft [15-16] indicate that the 
lognormal distribution provides a reasonable fit for B and Q in both cases.  
In this paper, for the sake of simplicity but without loss of generality, only a special case in 
which B=1 is considered. This suggests, by taking logs, the following model 

log[a(τ)] = log[a(0)] + Wτ, (39) 

where W=Q. 

We use a model 

log[a(t)] = log[a(τ)] + W(t−τ), (40) 

where t > τ at given τ, and W follows a lognormal distribution with the cumulative 
distribution function 

.0   w,)wlog(}wWPr{),;w(F 2 ≥







σ
µ−

Φ=≤=σµ  (41) 

Let h0 be the operational limit crack size for the degradation path, which is permitted for the 
initial macro-crack to grow and reach h0, then we can write log(h0)=log[a(τ)]+W(T−τ), where 
T−τ = [log(h0)−log[a(τ)]]/W represents a time permitted for the initial macro-crack to grow 
and reach the operational limit crack size h0. The distribution function of T−τ  is given by 

0.   t,]))](a/hlog[log()log(}TPr{)(G 0 >







σ
µ−τ−∆

Φ=∆≤τ−=∆  (42) 

Suppose an inspection is carried out at timeτ, and this shows that a(τ)<h0. We now have to 
schedule the next inspection. Let T be the random time at which the (a(T)=h0) may be 
occurred. Then we schedule the next inspection at time t > τ, where t satisfies 

{ } .1T;tTPr α−=τ>>  (43) 

Equation (12) says that the next inspection is scheduled so that, with probability 1-α, the 
aircraft structure component is still working and has the macro-crack size less than the 
operational limit crack size prior to inspection. 
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If u0 and u1 are known, the inspection times (u2, u3, …) can be calculated recursively as 
follows: 

1.j   ,1
]))]u(a/hlog[log()uulog(
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 (44) 

 
6. Conclusions 
In this paper, we present innovative statistical models for decision-making in aircraft service. 
The results of computer simulations confirm the validity of the theoretical predictions of 
performance of the suggested models. 

The authors hope that this work will stimulate further investigation using the approach on 
specific applications to see whether obtained results with it are feasible for realistic 
applications. 
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Brent D. Bowen, Chien-tsung Lu. Measuring the Safety Performance of 10 Major Air 
Carriers in the United States: The airline safety report (1997-2000), TRANSPORT and 
TELECOMMUNICATION, vol. 5, No 3, 2004, pp. 4–21.  

Over the past two decades, the airline safety performance in the United States (US) was measured 
mainly based on the singular safety factor―accident/incident rate. However, the aforementioned research 
generalization about the univariate evaluation seemed too narrow. In order to provide a more thorough 
mechanism of safety measurement, the Airline Safety Reports (ASRs) was initiated aiming to objectively 
evaluate the overall safety performance of the 10 US-based major airlines over a four-year period, between 
fiscal year of 1996 and 1999. Rather than focusing on only one factor, this study consisted of 17 factors 
important to airline safety such as airline operational violations, critical financial ratios, accident and fatality 
rates, and governmental enforcement/violation actions. This study utilized the Delphi methodology to 
retrieve experts’ opinions and 112 aviation experts were surveyed. The calculation concepts of the national 
Airline Quality Rating (AQR) in seeking to report safety performance of targeted airlines were applied. In 
addition, the Analytic Hierarchy Process (AHP) software was adopted to (a) generate the unique format of 
our paired-variable survey questionnaire, (b) calculate weighted values, and (c) consequently produce a 
safety report. The initial results showed that Southwest Airlines achieved the best overall safety 
performance. In addition, this study did simultaneously propose a practical capability which would help 
airline managers or government authorities to target any erosion of aviation safety, predict risk, and prepare 
solutions ahead of schedule. 

Key words: airline, safety factor, evaluation, accident/incident 
 
Nijole Batarliene. Information Modelling of Hazardous GOODS’ Transportation 
Regulations, TRANSPORT and TELECOMMUNICATION, vol. 5, No 3, 2004, pp. 22–29. 

Hazardous freight transportation regulations are modelled in the article. Formal lists of subregulations 
are made. They include classes of hazardous substances, special and general subregulations’ lists in every 
class, general subregulations’ lists for several or all the classes of hazardous substances. Besides, lists of 
common technological subregulations and class characteristics are formed. 

All the lists include subregulations’ codes expressed in natural numbers and texts attached with the 
essence of a particular subregulation. Besides the lists above, every hazardous substance has a special list of 
its transportation subregulations. Thus, it’s sufficient to present the hazardous substance code for the 
database management system and you may find the necessary subregulations’ codes. The descriptive texts 
of subregulations are given to the freight transporters informing them how to transport the particular 
hazardous substance. 
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Jonas Butkevicius, Ramunas Palsaitis. Impact of Market Liberalization to the Passengers’ 
Transportation by Rail in Lithuania, TRANSPORT and TELECOMMUNICATION,  
vol. 5, No 3, 2004, pp. 30–33. 

An extensive set of national international rules regulating passengers’ transportation by rail transport is 
acting in Lithuania. The impacts of the wide array of regulations have on the passengers transportation 
industry fall into three main categories: access to the market, competition, general operating conditions. 
European rail transport operations and market liberalization are covering 2001/12EC, 2001/13EB, 2001/14 
directives. 

JS Lithuanian Railways are enforcing Government undertakings and from the cargo transportation 
profit are covering more the 30 millions Euro losses for the passengers’ transportation. Presently JS 
Lithuanian Railways can’t disclaim cross financing whereas government is not prepared to implement 
public transport service principles. 

The purpose of the paper is to identify the complex of measures enabling to satisfy society demands in 
railway transportation services. 
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pp. 34–55. 

In freight transportation, when the cargo is carried from one terminal to some others (or from several 
terminals to one area), the delay time of vehicles and loading equipment may be considerable, because their 
operation is not well coordinated. In the present investigation, the appropriate number of transport and 
loading facilities needed to ensure their coordinated work at the terminal is determined. The problem of 
transportation is analysed in terms of mass service assignment. The problems of stock management and 
proper choice of transport facilities are defined and analysed taking into account the relationship between 
cost of transportation and vehicle’s capacity and size of cargo lots. By using mathematical statistical 
methods, the optimal vehicle’s capacity for a particular lot on the routes for taking the cargo out as well as 
the periodicity of cargo delivery is determined. 
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Information Technologies And Estimation Of Transport Technological Process, 
TRANSPORT and TELECOMMUNICATION, vol. 5, No 3, 2004, pp. 56–62. 

Activities and using of IS of the state road Transport Inspectorate are very important factors in 
operating new Information Systems between transport means and that is playing very important role in the 
development of transport system. The article deals with the activities of IS of Inspectorate, estimation of IS, 
computerized IS in Inspectorate. The estimation of interdepartmental collaboration and common IS using 
with foreign countries are showed. 

In this article technological process in transport is analysed, technological scheme of the transport 
graphically reflects the sequence of working operations in regard to aerial location, necessary equipment, 
outfit and workers are analysed, a technological graph chart reflecting the technological acceptability and 
time normative of technological operations of transport process is presented. Estimation and adapting of 
models in transport are presented as well. A model serving the development of general transport capacities 
was elaborated for transport process modelling.  

Key words: state road Transport Inspectorate, information systems, technological data, technological 
process, using of mathematical models 

 
Konstantin N. Nechval. Inspection Policies in Aircraft Service, TRANSPORT and 
TELECOMMUNICATION, vol. 5, No 3, 2004, pp. 63–76. 

Aircraft structures have many components. Maintaining high reliability for these structures generally 
requires that the individual structure components have extremely high reliability, even after long periods of 
time. One of the most important problems in the fatigue analysis and design of aircraft structures is the 
prediction of the fatigue crack growth in service. Available in-service inspection data for various types of 
aircraft indicate that the fatigue crack damage accumulation in service involves considerable statistical 
variability. The statistical nature of the fatigue crack growth is attributed to, among others, two most 
important factors: (a) the statistical nature of service loads and environments experienced by aircraft 
structures and (b) the inherent fatigue crack growth variability of materials. The objectives of this paper are 
to (i) describe possible statistical models to deal with the crack growth variability, (ii) point out their 
applications, (iii) suggest an invariant embedding technique for statistical decision making on the basis of 
fatigue crack growth models and (iv) propose an approach to evaluating the goodness of these models. 
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(Anotācijas) 

 
 
Dr. Brent D. Bowen, Dr. Chien-tsung Lu. ASV 10 lielāko aviokompāniju drošības 
noteikšanas izvērtēšana. Aviolīniju drošības ziņojums (1997-2000), TRANSPORT and 
TELECOMMUNICATION, 5.sēj., Nr.3, 2004, 4.–21. lpp. 

ASV aviokompāniju drošības faktoru pēdējo divdesmit gadu laikā galvenokārt noteica pēc nelaimes 
gadījumu skaita, resp. vienīgi pēc drošības faktora tarifa – avārija/incidents. Diemžēl šāds vērtējums 
izrādījās pārlieku šaurs, bija jāizstrādā mehānisms, lai varētu rūpīgāk izvērtēt drošības faktoru. Šis pētījums 
sastāvēja no 17 rādītājiem, kas bija pamatīgi jāizpēta, e.g. aviokompāniju strādnieku pārkāpumi, kritiskie 
finanšu rādītāji, avāriju un liktenīgo atgadījumu skaits, valdības iejaukšanās darbības utt. 

Šim pētījumam ir arī praktisks pielietojums, kas palīdzēs aviokompāniju menedžeriem un valdības 
funkcionāriem paredzēt aviokompāniju drošības apdraudējumus un riskus, sagatavojot atbilstošus 
pasākumus nākotnē. 

Atslēgvārdi: aviokompānija, drošības faktors, izvērtēšana, avārija/incidents 
 
 
Nijole Batarliene. Bīstamo kravu transportēšanas regulējumu informācijas modelēšana, 
TRANSPORT and TELECOMMUNICATION, 5.sēj., Nr.3, 2004, 22.–29. lpp. 

Rakstā tiek modelēts bīstamo kravu regulējums. Tiek sastādīts bīstamo transportējamo kravu saraksts, 
kas sevī ietver arī bīstamo vielu sarakstu. Šie saraksti tiek ievietoti datu bāzē, līdz ar to tie ir viegli pieejami 
bīstamo kravu transportētājiem. 

Atslēgvārdi: bīstamās kravas, transportēšanas regulējums, informācijas sistēma 
 
 
Jonas Butkevicius, Ramunas Palsaitis. Tirgus liberalizācijas iespaids uz pasažieru 
dzelzceļa pārvadājumiem Lietuvā, TRANSPORT and TELECOMMUNICATION, 5.sēj., 
Nr.3, 2004, 30.–33. lpp. 

Lietuvā darbojas neskaitāms skaits vietējo un starptautisko likumu un regulējumu pēc kuriem notiek 
pasažieru dzelzceļa pārvadāšana. Pasažieru pārvadāšana katru gadu nes sev līdzi ap 30 miljonu eiro lielus 
zaudējumus.  

Valdībai ir jārisina šīs problēmas un jādomā, kā lai izvairās no kravu pārvadājumu ienesīguma segt šos 
pasažieru dzelzceļa pārvadājumu zaudējumus – šo jautājumu risināšana tiek atspoguļota konkrētajā rakstā. 

Atslēgvārdi: pasažieri, tirgus, liberalizācija, dzelzceļš, pārvadājumi 
 
 
Danutė Bagdonienė, Skirmantas Mazūra. Auto transporta darbību terminālā modelēšana, 
TRANSPORT and TELECOMMUNICATION, 5.sēj., Nr.3, 2004, 34.–55. lpp. 

Rakstā tiek risināti jautājumi par auto transporta dīkstāvi terminālā, kamēr iekraušanas iekārtas ir 
aizņemtas, un šī dīkstāve bieži vien ir ievērojama, tādēļ šie jautājumi ir jārisina, kas tiek darīts arī šajā 
rakstā. 

Pielietojot matemātiskās statistikas metodes, optimālā transportlīdzekļa kapacitāte konkrētajam darba 
daudzumam, resp. kravas izkraušanai, kā arī periodiskums kravas piegādei tiek noteikts. 

Atslēgvārdi: iekraušanas iekārtas, transportlīdzekļa apgrozījuma laiks, kravas transportēšanas organizēšana 
 
 
Aldona Jarašūnienė. Lietuvas autotransporta Inspekcijas informācijas tehnoloģijas 
pielietojums un transporta tehnoloģiskā procesa novērtējums, TRANSPORT and 
TELECOMMUNICATION, 5.sēj., Nr.3, 2004, 56.–62. lpp. 

Rakstā tiek izskatītas Inspekcijas informācijas sistēmas darbības, informācijas sistēmas izvērtējums, kā 
arī šīs sistēmas kompjuterizācija. Savstarpējās starpdepartamentālās sadarbības izvērtējums un vienotās 
informācijas sistēmas pielietojums tiek atspoguļots konkrētajā rakstā. Transporta tehnoloģiskais process tiek 
analizēts, kā arī izstrādāti atbilstoši matemātiskie modeļi. 

Atslēgvārdi: valsts autotransporta Inspekcija, informācijas sistēmas, tehnoloģiskais process, 
matemātisko modeļu pielietojums 
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Konstantin N. Nechval. Apskates paņēmieni lidmašīnu apkalpē, TRANSPORT and 
TELECOMMUNICATION, 5.sēj., Nr.3, 2004, 63.–76. lpp. 

Lidmašīnas struktūra sastāv no vairākām sastāvdaļām. Atsevišķi struktūras elementi ir ar ļoti augstu 
drošuma pakāpi un tas ir tāpēc, lai saglabātu visas struktūras augsto drošuma pakāpi, un turklāt pat pēc 
ilgstoša laika perioda. Noguruma analīzē un lidmašīnas konstrukcijas struktūrā viena no vissvarīgākajām 
problēmām ir prognozēt un atklāt noguruma lūzuma momenta iestāšanās pieaugumu lidmašīnu apkalpē jeb 
servisā.  

Šī raksta mērķis ir parādīt iespējamos statistiskos modeļus noguruma lūzuma momenta pieauguma 
variabilitātē un pasvītrot to pielietojumu. 

Atslēgvārdi: lidmašīnu struktūras, noguruma lūzuma moments, apskates paņēmieni, atklāšana 
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