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Przedmowa

Jest to juz X (dziesiqte) Jubileuszowe Sympozjum poswiecone tematyce
konstrukcji pretowych i cienkosciennych, ich statecznosci, stanom zakrytycznym
i noSno$ci granicznej przy obciqzeniach statycznych i dynamicznych w aspekcie
teorii, zastosowan i badarn doswiadczalnych. Pierwsze Sympozjum Statecznosci
odbylo si¢ czterdziesci lat temu, w maju 1963, roku, a zatem jest to podwéjny
Jubileusz. Z tych wzgledéw patronat honorowy nad tym Sympozjum objgi JM
Rektor Politechniki £6dzkiej prof. dr hab. inz. Jan Krysinski.

Od wielu lat liczny udzial gosci zagranicznych z Wielkiej Brytanii,
Ukrainy, Rosji i Japonii podkresla range tej monotematycznej kameralnej
konferencji.

Uczestnictwo w sympozjach pozwala na szerokq wymiane pogladéw
naukowcow zajmujqcych sie roinymi gafeziami statecznosci konstrukcji.
Sqdzimy, ze dyskusje wplynq pozytywnie na tworcze i efektywne rozwiqzywanie
waznych oraz interesujacych pod wzgledem naukowym, tworczym i praktycznym
problemow pojawiajqcych sie w konstrukcjach cienkosciennych.

Wygloszone i opublikowane referaty, dyskusje naukowe na obradach i poza
nimi, rozwdj mtodej kadry naukowej sq rezultatami naszych sympozjéw.

Szczegolne podziekowanie nalezq sie Autorom zgloszonych referatow
przegladowych i problemowych za trud wiozony w ich przygotowanie oraz
Recenzentom z Komitetu Naukowego za sprawne i rzeczowe przygotowanie
opinii.

Materialy jubileuszowego Sympozjum zawierajq referaty przegladowe
opracowane przez zaproszonych przez Komitet Organizacyjny wybitnych
naukowcow, z Wielkiej Brytanii, Ukrainy i Polski, reprezentujacych najnowsze
kierunki rozwoju mechaniki. Pozostate piecdziesiqt trzy referaty zostafy
zamieszczone jako referaty problemowe. Obejmujq one szerokq tematyke
nieliniowej statecznosci i dynamiki konstrukcji. Badano zaréwno konstrukcje
pretowe, kratowe, ptytowe i powlokowe jedno- i wielowarstwowe, sandwichowe
oraz periodyczne o konstrukcji ortotropowej. Przedmiotem badan byla
statecznosc, stany zakrytyczne i nosnosé konstrukcji.

W kilku referatach omodwiono takie termospreiystos¢ konstrukcji
cienkosciennych, optymalizacje i wytrzymatos¢ konstrukcji. Uzyty aparat
matematyczny w prezentowanych referatach moze by¢ w niektorych
przypadkach tatwo adoptowany do wykorzystania przez inZynierow, zas w
innych wymaga doskonatej znajomosci matematyki i jej zapisu. Obecnie
obserwuje si¢ coraz szersze zastosowanie metod czysto numerycznych do
analizy statecznosci konstrukcji

Na szczegélng wuwage zastugujq referaty omawiajgce badania
doswiadczalne, ktére ze wzgledow na koszty, czas ich przygotowania i trwania



oraz ztozonos¢ sq bardzo czesto zastepowane przez tak zwany eksperyment
numeryczny. Symulacja numeryczna mozZe ograniczy¢ zakres badan
doswiadczalnych, ale nie moze ich wykluczy¢.

Sympozjum zostalo zorganizowane przez pracownikow Katedry
Wytrzymatosci Materiatow i Konstrukcji Politechniki Lodzkiej, Zespot
Statecznosci Konstrukcji Komitetu Budowy Maszyn PAN oraz Oddziat £odzki
Polskiego Towarzystwa Mechaniki Teoretycznej i Stosowanej. W tym miejscu
pragniemy podziekowaé wszystkim, ktorzy przyczynili sie do zorganizowania X
Sympozjum Statecznosci Konstrukcji w dniach 8-12 wrzesnia 2003 roku w
Zakopanem.

Na zakonczenie pragniemy Autorom referatow i Uczestnikom X-ego
Jubileuszowego Sympozjum Zyczy¢ dalszych sukcesow w pracy naukowej oraz
zawarcia nowych i wumocnienia przyjaznych kontaktow zawodowych i
miedzyludzkich.

Marian Krolak
przewodniczqcy Komitetu Naukowego

Zbigniew Kotakowski
przewodniczqcy Komitetu Organizacyjnego

Katarzyna Kowal-Michalska
redaktor



Preface

That is the X (the tenth) Jubilee Symposium devoted to the domain of bar
and thin-walled structures, their stability, post-buckling and load-carrying
capacity under static and dynamic loads in the aspects of the theory,
applications and experimental investigations. The first Stability of Structures
Symposium took place forty years ago, in May 1963. Thus, we celebrate the
double jubilee and for that reason the Symposium is held under the patronage
of His Magnificence the Rector of the Technical University of £.6d? Professor
Jan Krysinski.

For many years the participation of foreign guests from Great Britain,
Ukraine, Russia and Japan has raised the rank of this monothematic conference
held in closed-circled atmosphere.

Participants of the Symposia have had the opportunity to exchange their
views on the wide front of different branches of the stability of structures. The
papers presented and published within preceding Symposia and also
discussions conducted during sessions and informal meetings have contributed
to the progress in the area of stability of structures and to the intellectual and
scientific development of young researchers.

We believe that discussions during this Symposium will result in creative
and effective solutions of many problems that appear in thin-walled structures
and are important from both scientific and engineering point of view.

We express our special gratitude to all Authors of key-note lectures and
papers for their hard work as well as we are extremely thankful all the Referees
from the Scientific Committee for the efficient preparation of matter-of-fact
references.

The Conference Proceedings contain key-note lectures prepared by
eminent scientists from Great Britain, Ukraine and Poland representing the
newest trends in mechanics, invited by the Organizing Committee. Other fifty
three papers have been published as monothematic works concerning certain
problems. They embrace a wide domain of the non-linear stability and
dynamics of structures. The subjects under investigation were bar and truss
structures, and also plate and shell structural members both one-layered and
multi-layered, including sandwich elements and periodic orthotropic structures.
The stability, post-buckling and load-carrying capacity of the structures
mentioned above was investigated.

Some papers deal with thermo-elasticity of thin-walled structures,
optimisation and also strength of structures. The mathematical apparatus
applied in some of the presented papers can be easily adopted to be used in
engineering analyses, but in some cases it demands a perfect knowledge of
mathematics and mathematical notation. It should be underlined here that



nowadays one can observe the wider and wider applications of purely
numerical methods in the analyses of the stability of structures.

A particular attention should be paid to the papers devoted to experimental
investigations which are very often replaced by so called “numerical
experiment” because of high cost, long time of preparation and conducting as
well as their complexity. It is a dangerous trend since the numerical simulation
can limit a range of experimental works successfully, but these works can not be
entirely abandoned.

The Symposium has been organized by the staff of the Department of
Strength of Materials and Structures, the Division of Stability of Structures,
Committee of Machine Design of the Polish Academy of Sciences and the Polish
Society of Theoretical and Applied Mechanics, branch of £6dz. We would like
here to pass on our sincere thanks to all, who have contributed to the
organization of the X Stability of Structures Symposium held in 8-12 September
2003 at Zakopane.

Finally, we wish the Authors of papers and all Participants of the X Jubilee
Symposium many further success in research. We hope you to maintain old
friendship and professional contacts as well as make new friends.

Marian Krélak
Chairman of the Scientific Committee

Zbigniew Kotakowski
Chairman of the Organizing Committee

Katarzyna Kowal-Michalska
Editor
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JUBILEUSZ CZTERDZIESTOLECIA
SYMPOZJOW STATECZNOSCI KONSTRUKCJI
1963-2003

W dniu 25 maja 1963 roku odbylo si¢ skromne jednodniowe I Sympozjum
Statecznosci Konstrukeji, na ktérym wygloszono 7 referatow i wziglo w nim udziat 27
uczestnikow. Materiaty konferencyjne w postaci cienkiej broszury, zawierajace
jednostronicowe streszczenia wygloszonych referatow, wydano metoda powiclaczowa.
Konferencja zostala zorganizowana przez Oddziat Lédzki Polskiego Towarzystwa
Mechaniki Teoretycznej i Stosowanej przy wspéludziale Wlodzimierza Derskiego,
Jerzego Gluzy, Kazimierza Grossmana, Jerzego Leyko, Zdzistawa Parszewskiego, Jana
Szmeltera.

Kolejne dwa Sympozja odbyly sie w cyklu o$mioletnim.

II Sympozjum Stateczno$ci Konstrukcji miato miejsce w Lodzi w dniach 18-19
listopada 1971 roku, w ktérym uczestniczylo 90 oséb. Wygloszono 24 referaty.
Materiaty konferencyjne opublikowane w postaci streszczenia referatdw zawieraly 50
stron. Organizatorem Sympozjum byt Instytut Mechaniki Stosowanej Politechniki
Lodzkiej kierowany przez prof. Jerzego Leyko oraz Oddzial Lodzki Polskiego
Towarzystwa Mechaniki Teoretycznej i Stosowanej. Profesor Jerzy Leyko byl tworca
uznanej w kraju ,todzkiej szkoty statecznosci konstrukcji” i zainicjowal organizacje
sympozjow statecznosci konstrukcji z udzialem gosci zagranicznych. Przewodniczyl
Komitetom Organizacyjnym kilku pierwszych sympozjow, ktdre na stale weszly do
kalendarza imprez naukowych organizowanych w kraju.

Tematyka wszystkich sympozjow obejmowala:

konstrukcje pretowe: belki, shupy, ramy, kratownice;

konstrukcje cienkoscienne: ptytowe, powlokowe;

stateczno$¢, stany zakrytyczne 1 nosnos$é graniczng konstrukcji cienkosciennych;
stateczno$¢ przy obcigzeniach dynamicznych;

wyboczenie sprzgzone;

numeryczng symulacjg i modele obliczeniowe standéw granicznych;

badania dos§wiadczalne.

W dniach 26-27 pazdziernika 1979 roku w Lodzi odbylo sig¢ III Sympozjum
Statecznosci. Od tego momentu stalym wspolorganizatorem sympozjow zostal Zespot
Stateczno$ci  Konstrukcji  Komitetu  Budowy  Maszyn PAN.  Ponadto
wspotorganizatorem jedynie III Sympozjum byla Sekcja Wytrzymatosci Materialow
SIMP Oddzialu Loédzkiego. Na konferencji tej podjeto decyzje o organizowaniu
sympozjow co trzy lata.

Stan wojenny uniemozliwil zorganizowanie IV Sympozjum Statecznosci w 1982
roku. Odbylo sie ono trzy lata pdézniej w Sulejowie w dniach 9-11 pazdziernika 1985
roku. Od tej chwili referaty zaczely by¢ publikowane w formie materialow
konferencyjnych.

Kolejne sympozja mialy miejsce:

V Sympozjum 3-7 X 1988 r. w Cedzynie kotlo Kielc;

VI Sympozjum 5-8 XI 1991 r. w Spale;

VII Sympozjum 7-9 XII 1994 r. w Jaworzu kolo Bielska-Biatej;
VIII Sympozjum 22-26 X 1997 r. w Zakopanem;

IX Sympozjum 25-29 IX 2000 r. w Zakopanem;
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Jubileuszowe X Sympozjum odbywa si¢ w dniach 8-12 IX 2003 r. w Zakopanem.

Wspotorganizatorem sympozjow po 1991 roku jest Katedra Wytrzymalosci
Materiatlow 1 Konstrukcji utworzona po podziale Instytutu Mechaniki Stosowanej
Politechniki £ddzkiej na trzy katedry.

Sprawna organizacja nie bylaby mozliwa, gdyby nie ofiarna praca czlonkéw
Komitetow Organizacyjnych w okresie przygotowawczym oraz podczas samych
sympozjow. Prawie wszyscy byli lub s3 czlonkami Oddzialu ELédzkiego Polskiego
Towarzystwa Mechaniki Teoretycznej i Stosowanej oraz jednoczeénie sa pracownikami
rdznych jednostek organizacyjnych PL. W tym miejscu nalezy wspomnieé, ze X
Sympozjum Statecznoséci przypada w 45-lecie powstania PTMTS oraz niektorych jego
oddziatéw, w tym Oddzialu L.6dzkiego.

Udziat gosci zagranicznych w sympozjach statecznosci, a gléwnie prof. Jamesa
Rhodesa oraz uznanie poziomu naukowego prac prowadzonych przez ,,0érodek 16dzki”
zaowocowal powierzeniem Katedrze Wytrzymaloséci Materialow 1  Konstrukeji
Politechniki t.6dzkiej wspolorganizowania Third International Conference on Thin-
Walled Structures w Tomaszewicach kolo Krakowa w dniach 5-8 czerwca 2001 roku.
Wspodlorganizatorami byli Department of Mechanical Engineering University of
Strathclyde oraz College of Aeronautics Cranfield University w Wielkiej Brytani.

W czterdziesta rocznicg Sympozjéw Statecznosci Konstrukcji pragniemy bardzo
goraco podzigkowal 1 przekaza¢ wyrazu szacunku wszystkim ich uczestnikom.
Jednocze$nie pragniemy przywotlad¢ pamiec i zlozy¢ hold niezyjacym juz uczestnikom
naszych sympozjow. W szczegdlnej pamigci zachowamy postac prof. Jerzego Leyko.

Ponizej przedstawiono pelna dokumentacje dotyczaca organizatoréw, autoréw
referatow oraz czlonkéw komitetdw naukowych i organizacyjnych. Komitety naukowe
zaczeto powotywac od VII Sympozjum.

ORGANIZATORZY SYMPOZJOW
Instytut Mechaniki Stosowanej Politechniki Lodzkiej: /1-VI
Katedra Wytrzymatosci Materialéw i Konstrukcji Politechniki Y.6dzkiej: VII-X
Qddziat L.6dzki Polskiego Towarzystwa Mechaniki Teoretycznej 1 Stosowanej: I-X
Zespot Statecznosci Konstrukceji Komitetu Budowy Maszyn PAN: 7//-X
Sekcja Wytrzymalosci Materialéw Stowarzyszenia InZzynieréw Mechanikow
Polskich (SIMP) Oddzialu L.6dzkiego: /1]
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Fortieth anniversary of Stability of Structures Symposia
1963 - 2003

The First Stability of Structures Symposium took place on 25" of May 1963 in
L.odz. It was a modest, one-day conference, within which 7 papers were presented and
27 participants took part in. The proceedings in the form of a thin brochure contained
only abstracts of presented papers and were published using an old fashioned duplicator.
The Symposium was organized by the Polish Society of Theoretical and Applied
Mechanics (branch in £06dZ) with the supportive co-operation of Professors:
Wlodzimierz Derski, Jerzy Gluza, Kazimierz Grossman, Jerzy Leyko, Zdzistaw
Parszewski and Jan Szmelter. The subsequent two Symposia were held in 8-years
intervals.

The Second Symposium took place in £.6dz on 18-19 November 1971. There were
90 participants and 24 papers were presented. The proceedings contained 50 pages of
abstracts. The organizers of this Symposium were Institute of Applied Mechanics,
Technical University of L6dz (TUL), headed by Professor Jerzy Leyko and the L.6dZ
Branch of the Polish Society of Theoretical and Applied Mechanics. Professor Jerzy
Leyko was an originator of the “the stability of structures school of L4dz” well
recognized in Poland. It was also him, who initiated the organization of Stability of
Structures Symposia with the participation of foreign guest researchers working in the
domain of stability of structures. He was a chairman of several symposia, which
became permanent events of the calendar of Polish scientific conferences.

Main topics of all symposia embraced following areas:

bar structures: beams, columns, frames and trusses,

thin-walled structures: plates and shells,

stability, post-buckling and load-capacity of thin-walled structures,

dynamic stability of structures,

coupled instabilities,

numerical simulation and computational models of limit states,

experimental investigations.
The next, III" Stability of Structures Symposium took place on October 26-27 1979
in £6dz. Since then the Division of Stability of Structures, Committee of Machine
Design of the Polish Academy of Sciences has been becoming a permanent co-
organizer of Symposia. Moreover, a co-organizer of that particular III" Symposium was
the Division of Strength of Materials and Structures of the Society of Polish Mechanical
Engineers (Branch of £.6dz). It was that Symposium, at which a decision has been taken
to organize the Symposia every three years.

The well known turbulent historical events in Poland and the Martial Law
proclaimed by the communist government of that time made impossible to organize the
IV® Symposium in 1982. It eventually was held three years later, on 9-11 of October
1985 in Sulejow on Pilica river. Since then the Proceedings have been containing not
abstract only, but full papers to be presented at a Symposium.

The next Symposia were held as follows:

e  V Symposium on 3-7 October 1988 at Cedzyna near Kielce (southern Poland)
e VI Symposium on 5-8 November 1991 at Spata on Pilica river (near £.6dz),
e VII Symposium on 7-9 November 1994 at Jaworze (near Bielsko-Biala) in

Beskidy Mountains,
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e  VIII Symposium on 22-26 September 1997 in Zakopane (the capital of the Polish

Tatra Mountains),

e IX Symposium on 25-29 September 2000 in Zakopane.

The main organizer of the Symposia since the year 1991 has been the Department of
Strength of Materials and Structures of the Technical University of £6dz, after the
division of the former Institute of Applied Mechanics into three departments.

An efficient organization of the Symposia would be impossible without the
dedicated work of all members of the Organizing Committees both in the stage of
preparation and during the Symposia. Nearly all of them are or used to be members of
the Lodz Branch of the Polish Society of Theoretical and Applied Mechanics (PTMTS)
and at the same time are members of staff of different departments of the Technical
University of £6dz. It should be underlined here, that the X" Symposium falls on the
45™ anniversary of the PTMTS and some branches of this Society, including the
Branch of L6dz.

The participation of foreign guests from the United Kingdom (particularly
Professor James Rhodes from the University of Strathclyde, Scotland), Ukraine,
Slovakia and Japan in the Stability of Structures Symposia, as well as the recognition of
high scientific level of research conducted in the ‘“LodZz Centre of Stability of
Structures” has fructified in the decision taken by the Scientific Committeee of
International Conferences on Thin-Walled Structures to entrust the organization of the
Third Conference to the Department of Strength of Materials and Structures, TUL. The
Third International Conference on Thin-Walled Structures took place on 5-8 of June
2001 at Tomaszewice near Krakow. The co-organizers were Department of Mechanical
Engineering of the University of Strathclyde and the College of Aeronautics of the
Cranfield University, both from United Kingdom.

On the 40™ anniversary of the Stability of Structures Symposia we would like to
express a very special gratitude for all their participants. At the same time we call our
memory and we pay our homage to all late participants of the Symposia. We especially
will keep in our remembrance the great personality of the late Professor Jerzy Leyko.

The full documentation of all Symposia, including organizers, authors of papers
and members of both Organizing and Scientific Committees is presented below.
Scientific Committees have been being appointed since the VII Symposium.

ORGANIZERS OF THE SYMPOSIA

Institute of Applied Mechanics, TUL /1 - VI
Department of Strength of Materials and Structures, TUL VII-X
Polish Society of Theoretical and Applied Mechanics, Branch of Lodz 7 -X
Division of Stability of Structures; Committee of Machine Design of the Polish
Academy of Sciences /1 -X
e Division of Strength of Materials of the Society of Polish Mechnical Engineers,

Branch of L6dz 117

16



AUTORZY REFERATOW WYDRUKOWANYCH W
MATERIALACH KONFERENCYJNYCH
W LATACH 1963-2003
AUTHORS OF PAPERS PUBLISHED IN THE SYMPOSIA
PROCEEDINGS (1963-2003)

Wooonnh W -

L. Adamiec II

1. Andrianov VII, VIII
H. Aurich III

M. Banasiak I

W. Banasiak X

W. Bamat IX, X

E. Baron VIII, IX, X
J. Bauer 11

W. Berczynski 111

P. Bereza VI

A. Biegus III

R. Bijak V

K. Blazejowski X

W. Bodaszewski VIII, IX

M. Bogdaniuk IX

A. Borisovich X

M. Bourdeix VIII

S. Bucko VIII

D. Bugajny Il

E. Byskov VIII

L. Chodor V

C.D. Christensen VIII
J. Christoffersen VIII

J. Chréscielewski VIII, X

A. Chudzik X
Cz. Cichon HI, IV,IX
W. Cykowski VII

J. Czmochowski III, IV, V

G. Czun-hen I

R. Cwik VII

M. Dacko IX, X

R. Dabrowski II

H. Debski IX

F. Dinu VIII

J. Djubek V

Z. Dobiejewski IV

J. Drewko IV

D. Dubina VIII

C. Duong Nguyen III
J. Dymkowska X

S. Dzielendziak IV, V
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42. A.Evkin VI, VII

43. M. Ferdynus VIII

44. A. Figiel V

45. @G. Filatov VI

46. T. Fugiel IX, X

47. T. Galkiewicz I, IL, ITL, IV
48. R. Gancarek VII

49. G.D. Gavrylenko X

50. O. Gendelman VII

51. T.S. Gerasimov X

52. T. Gibczynska VI

53. D. Giraud VIII

54, W. Glabisz VIII

55. Z. Glazewski VII

56. D. Goina VIII

57. Z.GolanV

58. M. Golebiowska- Rozanow VIII, IX, X
59. R.Gradzki III, IV, V, VI, VII, VIII, IX, X
60. D. Grecea VIII

61. S. Grishchak VI

62. V.Z. Gristchak VI, X
63. M. Guminiak X

64. W. Gutkowski II

65. M. Gwézdz V, VIII

66. K-H. Hahn III

67. J. Han¢kowiak IX

68. P. Hémon VIII

69. B. Husiar II

70. N. Iwamoto X

71. P.IwickiIX, X

72. J. Jachimowicz IX

73. S. Jakubowski III, V, VI
74. S. Janecki 111

75. M. Janowski III, IV

76. F. Jarzynski [11

77. A. Jaworski 1l

78. J. Jedrysiak VIII, IX; X
79. S.Joniak II, IV, V, VI, VII, VIII, IX, X
80. A.KabalalV,V

81. T.Kacperski V

82. M. Kameko IX

83. R. Kasperska IX

84. T. Kasprzak IX

85. A. Kasprzycki X

86. W.KakolV

87. A.Kelm III

88. S.Kedziora VIII

89. L.Kielski 'V, VIII, X
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90. M. Klasztorny IV

91. K. Kluk III

92. M. Klosowicz V

93. M. Kmiecik II, III, IV

94. J. Kobzdej 111

95. I. Kogemyakina VIII

96. Z.Kotakowski III, IV, V, VI, VII, VIII, IX, X
97. S.Konieczny V, VII, VIII, IX, X

98. L. Kopczynski V

99. H. Kopecki II, TILIV, IX

100. Z. Kordecki III, TV

101. K. Kosiuczenko X

102. V. Kostirko V, IX

103. M. Kotetko III, IV,V, VI, VII, VIII, IX, X
104. Z. Kowal 111

105. M. Kowalczyk V11

106. K. Kowal-Michalska II1, IV, V, VI, VII, VIII, IX, X
107. W. Krason IX, X

108. V. Krasovsky V, VI, VILVIIL, IX, X
109. M. Krawczuk VI, VII, VIII

110. J. Krivadek V

111. M. Krélak I11, 1V, V, VI, VII, VIII, IX, X
112. T. Kubiak VII, VIII, IX, X

113. J. Kukuczka III

114, R. Kutylowski 111

115. R. Laboube VIII

116. S. Langier X

117. J. Lewinski III

118. J. Leyko I1I

119. S. Lipa X

120. J. Lipinski I

121. 1. Lubowiecka VIII, I1X, X

122. V.V. Lysenko X

123. W. Laban III

124. S. Lukasiewicz Il

125. P. Luzniecki V

126. M. Macdonald VIII, IX, X

127. K. Magnucki III, V, VI, VI, VIIL, IX, X
128. W. Majchrzak III

129. W. Majewski 111

130. M. Malinowski VII, VIII

131. A. Manevich VI, VII, VIIL, IX, X

132. E. Manevitch VII

133. L. Manevitch VII

134. O. Manhes VIII

135. R-Mania I, IV, V, X

136. B. Manko IV

137. Z. Manko III
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138. J. Marcinowski IX, X

139. M. Matyash VIII

140. S. Mazur V, VI, VII, IX

141. K. Mazur-Sniady VIII, X

142. R. Mes X

143. B. Michalak VIII, X

144. G. Mielczarek VII

145. T. Mikulski IX

146. J. Misiak II1, IV, V, VI, VII, VIII, IX, X
147. A. Muc VII, VIII, IX, X

148. K. Murawski VI, VII

149. J. Murzewski I1, V, VI, VII, VIII, IX, X
150. W. Nagorko X

151. D.V. Nagomy X

152. D. Nash VIII, X

153. P. Najdychor X

154. T. Niezgodzinski X, X

155. J. Obrebski VIII, IX

156. W. Ostachowicz III, IV, VL VII, VIII
157. E. Ostrowska III

158. M. Ostwald III, V, VI, VII, IX
159. P. Paczos X

160. A. Paschnik VII

161. W. Pauk IX

162. Z. Pawicki IV

163. D. Pawlus VII, VIII, IX, X

164. J. Perz 1V, V

165. J. Pieczara IV

166. M. Piekarczyk V

167. J. Piekarski VII

168. P. Plucinski IX

169. J. Podczerwinski I'V

170. 1. Podgorska-Brzdekiewicz VIII, X
171. 1. Przybylski IV, VIII

172. W. Puch IX

173. E. Pytel 111, IV

174. A. Raczynski IX

175. M. Radwarska II1

176. S. Raksha IX, X

177. J. Ravinger VIII

178. J. Rhodes V, VIII, IX, X

179. F. Romanow III, IV, V, VI, VII, VIIL, IX, X
180. M. Roszkowski |

181. E. Rusinski IIT

182. K. Rzegocinska-Petech I

183. F. Santi1 VIII

184. Z. Sekulski III

185. S. Shimizu IX, X
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186. V. Shvayko VI, VII, VIII
187. T. Siegmiiller V, VII

188. J. Siepak II, V, VI

189. G. Sobek VI

190. J. Sobiech V

191. K. Sobiesiak II

192. T. Socha X

193. J. Spence X

194. S. Spryszynski II

195. S. Stachura VI, VIII, IX, X
196. P. Stasiewicz VIII, IX, X
197. Z. Stojek 11

198. L. Stricker HI

199. A. Strzelczyk II1

200. R. Sygulski ITI, IX, X

201. J. Szmelter 1

202. J. Sznudla IX, X

203. R. Szmigielski II1

204. W. Szyc 11, VIII, IX

205. Cz. Szymcezak I11, 1V, V, VI, VII, VIII, IX, X
206. E. Szymczyk VI, VII, VIII, X
207. P. Sniady VIII

208. J. Swiniarski X

209. E. Switofiski IT

210. M. Taczala VII, VIII, X
211. V. Tamovskij VI, VII, VIII, IX
212. J. Teisseyre I

213. E. Tertel VIII

214. A. Teter VII, VIII, IX, X
215. B. Tomczyk VIII, IX, X
216. L. Tomski IV, VIII, IX, X
217. M. Trombski 11, III, V
218. M. Trzebicki VIII

219. W. Urbanowski I

220. M.A. Varianichko X

221. J. Walczak IV

222. W. Walczak IL II[, IV, V
223. W. Walczyk IX

224. Z. Waszczyszyn 11, 111, IV
225. A. Wawrzyniak [X

226. S. Weiss IV

227. J. Weselak 111

228. Z. Wesotowski [

229. M. Wieczorek IV, VI, VII, VIII, IX, X
230. E. Wierzbicki IX, X

231. J. Wierzchowski III

232. L. Witek X

233, W. Witkowski IX, X
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234. S. Wojciech III, V

235. M. Wojtasiewicz VIII

236. Cz. Wozniak VII, VIII, IX, X
237. M. Wozniak VII, VIII, IX, X
238. Z. Wojcicki IV

239. P. Wrzecioniarz 111, V, VI
240. S. Wu VIII

241. T. Yamamoto IX

242. A. Yevtushenko IX

243, W.W Yu VIII

244. J.S. Zacharzewski II, IX

245. S. Zahorski |

246. Z. Zajac V

247. ). Zaras 111, V

248. J. Zielnica II, II1, IV, V, VIII, IX, X
249. Yu.D. Zozulak X

250. W. Zwolinski I

251. A. Zak VIII

252. A. Zeligowski 111, IV
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KOMITETY NAUKOWE SYMPOZJOW
W LATACH 1963-2003
SCIENTIFIC COMMITTEES (1963-2003)

prizewodniczqcy (chairman): M. Krélak VII-X
Cz. Cichon VII, VIII

T. Galtkiewicz VII, VIII, IX

R. Gradzki X

S. Joniak VII, VIII, IX, X

Z. Kotakowski VII, VIII, IX, X
K. Kowal-Michalska VIII, IX, X
V. Krasovsky X

M. Krélak VII, VIIIL, IX, X

J. Leyko VII

K. Magnucki X

A. Manevich VII, VIII, 1X, X

J. Misiak VII, VIII, IX

J. Murzewski VII, VIII, IX, X
W. Ostachowicz VII, VIII, IX, X
J. Rhodes VII, VIII, IX, X

F. Romanow VII, VIII, IX, X
Cz. Szymczak VII, VIII, IX, X
M. Trombski VII, VIII, IX, X
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przewodniczqcy (chairman): J. Leyko I-I1I
M. Krélak IV-VIII
Z. Kotakowski IX-X

M. Banasiak III

Z.. Brzoska II1

T. Galkiewicz II, IV, V

Z. Gatwa VII, VIII

R. Gradzki IV, V, VI, IX

S. Jakubowski III, V

W. Kobza IV

Z. Kotakowski IV, V, VI, VIII, IX, X

M. Kotetko VI, VII, VIII, IX, X

K. Kowal-Michalska III, IV, V, VI, VII, VIII

M. Krélak 113, IV, V, VI, VII, VIII

T. Kubiak VII, VIII, IX, X

A. Kuzmarek IX, X

J. Leyko 11, I, IV, V, VI

J. Lipinsk: H, I11

S. Lukasiewicz 111

E. Ostrowska III

J. Piatek I1I

M. Suchar II, 111

J. Swiniarski X

W. Walczak II, I

J. Zaras 1V, V, VII

A. Zeligowski V, VI, VII, VIII, IX, X
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HYBRID ASYMPTOTIC APPROACHES WITH APPLICATION
TO THE STABILITY AND DYNAMICS OF STRUCTURES

V.Z. GRISTCHAK
Department of Applied Mathematics, Zaporizhzhia State University
Zhukovskogo 66, 69063 Zaporizhzhia, Ukraine

1. INTRODUCTION

It is very rarely possible to integrate analytically and precisely the differential
equations, which arise in mechanics of deformable solid (the stability and dynamics
problems of inhomogeneous thin-walled structures). Hence there is a necessity to
formulate an effective approximate methods and approaches.

Among the analytical approximate techniques the direct variation approaches
(Euler, Rayleigh - Ritz, Kantorovich etc.) and non-variation (Boobnov - Galerkin,
perturbation methods) are well known and the most developed. The first class of
methods is based on minimization principle of system energy (Lagrange, Hamilton
principles) and is used to be applied for problems, which are formulated in variation
form. The perturbation methods are convenient to use for solution the value problems
for differential equations, which contain a scalar parameter &£ (small or large).

The problems of stability and dynamics of inhomogeneous thin-walled structures
can be reduced namely to the latter ones. Usually, a scalar parameter ¢ is introduced
into the equation of the problem naturally or artificially. It may represent, for instance,
non-dimensional eigenfrequency, the ratio of the smallest to the largest of structure's
linear dimensions. In the shell theory the small parameter may characterize the ratio of
the thickness or normal displacement to the radius, the ratio of the stiffness coefficients
of constructive-orthotropic shell, etc. It may also define the small divergence of
structure's initial form from circular, cylindrical, etc. forms.

The perturbation methods have at least two drawbacks. The first, less significant,
is that, only a few terms in a perturbation expansion can be computed because of the
rapidly increasing amount of “labor” that is required to compute each additional term.
And the second one, much more significant is that, in order to obtain approximation of
acceptable accuracy, the expansion parameter ¢ must be restricted.

That is why the approaches, which allow expanding the range of usage of the
classical asymptotic techniques, so called the Aybrid approaches, have recently attracted
great attention of investigators. They are based on the idea of using some numeric
techniques or perturbation expansions in conjunction with Boobnov-Galerkin or
variation techniques. Among the hybrid approaches the following ones are well-known:
Noor’s reduced basis method [1-4], perturbation-Galerkin [5-8] and WKBJ-Galerkin
[9], WKBJ-variation methods.

Here two different types of the hybrid techniques for the boundary value problems
of mechanics, which can be reduced to linear or non-linear differential equations with
variable coefficients and perturbation parameter near the highest derivatives are
presented and discussed.
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The first type, at the first step, the WKBJ-method is used to determine the
approximate solution of the boundary value problem, containing a perturbation
parameter ¢ . The obtained general WKBI-solution is valid only for special values of
the parameter (usually for small ones). At the second step, a subset of coordinate
functions of WKBJ-expansion, determined at step one, is used with new “amplitudes”
in a WKBJ type expansion, named as hybrid. The unknown amplitudes of the latter
“refined” solution can be determined applying: a) the sufficient condition of existence
an extremum of a functional, which realizes an equation of boundary value problem; b)
the Boobnov-Galerkin procedure.

Proposed techniques allow to determine approximate analytical solutions of the
problems with a high level of accuracy (much more accurate than the WKBJ-solution
on which they are based). Yielded solutions are valid on the wide interval of
perturbation parameter.

2. DESCRIPTION OF THE HYBRID TECHNIQUES BASED ON THE WKBJ
METHOD

To describe the hybrid technique, based on the WKBIJ-method in detail, let us
consider the boundary value problem for linear differential equation of order n with
variable coefficients, which contains a perturbation parameter & near the highest
derivatives:

L(x,&y,y,..y")=0. (1)

The function y(x) is subjected to the boundary conditions of the simplest type

y(a)=A, y'(b)=B. (2)

At step one, for small values of ¢ we use the WKBJ-method to find an
approximate solution for y(x) in the form

x -
YWKBJ = €xp | Zgj"lvfjdx (3)
aj=0

where {y ;} are the unknown WKBJ-coordinate functions. These quantities can be
determined in standard manner: we have to substitute the expansion (3) into equation
(1), equate the coefficients of like powers of ¢ in the resulting equation, and solve a
sequence of equations for each of the unknowns {y ; /.

As it was already mentioned, the WKBJ-method, being one of the perturbation
techniques, suffers the same drawbacks. Thus, the terms {y ;} of order j>1 of
WEKBJ-expansion (3) can be computed only in number of cases. That is why, in applied
problems, we usually determine y and y;, that provides an acceptable accuracy of

general WKBJ-solution of equation (1) when the values & are really small. The biggest
drawback of approximate solution, obtained with the help of the WKBJ-method, still
lies in restricted range of its application, caused by the ¢ smallness. It means that when
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¢ ceases to be small the WKBJ-method yields the solution, which considerably differs
from the numeric or exact solution of the problem (if it’s available).

In the purpose to refine the latter one, at step two of the hybrid method, we use a
subset of coordinate functions {y ; } of WKBJ-expansion (3), determined at step one,

in a WKBJ type expansion, named as hybrid:

X N
Y =exp[ X8y dx. (4)

aj=0

In formula (4) the {&5;}, j=0,. N represent new “amplitudes” of coordinate
functions {y ; }. They should be such, that the general solution yy(x,¢,8,...6y ),

based on the expansion (4), “would correspond to the precise solution of the problem as
much as possible”. Let’s formulate the principle of an optimal determining of the
{6/

A) The first principle is based on the idea to replace the initial boundary value
problem (1), (2) by the variation problem an extremum of a functional, for which one
equation (1) is an equation of the Euler or Euler-Poisson; to determine the function,
which realizes an extremum of the functional; and by that to obtain the solution of the
boundary value problem.

Let’s assume that V/[y(x)e] is the functional, for which the condition

SV[y(x)e]=0 realizes equation (1) and different types of natural boundary

conditions, including (2). In this case, instead of the problem (1), (2) there is the
variation problem which consists in finding the function, delivering an extremum to

functional ¥ [y(x),e] . The ygy(x,€8p,....0y ) is the general solution of equation
(1), based on the hybrid expansion (3). If now to subject the Vy(x,£,0;,..05) tO
appropriate boundary conditions (2), it will be the permissible function of the variation
problem for any choice of the 6,8, ,....8y .

Substituting of the Yy (x.£3d;,.,.0y) into the functional V/y(x) ]
transforms the latter one into the function of N variables

V[)—;H(xrg,é‘o,...,éN),[;’]2(0(50,...,5}\/). (5)
Then the sufficient condition of existence an extremum
V[yy.e]=0 (6)

transforms into the system of equation for each of the unknowns {6; },j=0,...N

90

_o .. 2% =0 . 7
- 26,

38y

51=51* oN =57V
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The solution of the system (7) yields such the subset of the values &q,57 ,...8y,
that function ygy(x,£3(,8;,..0y) delivers the extremum to the functional

VIiy(x) €] . Hence, this function yy(x,¢, 55,51*,...,5}:,) is the required hybrid
solution of the boundary problem (1), (2).
B) The second principle of an optimal choice the “amplitudes” {& it J=0.,N

of expansion (4) is based on the Boobnov-Galerkin procedure. Thus, the requirement
that the residual of equation (1) R=L(x,¢, y,y",...,y(”) ) is orthogonal to each of the
coordinate functions v ;, j =0,.,N over the domain of definition

b
JRydx=0 (8)

leads to the system of equations concerning unknowns {5 /.

3. EXAMPLES OF APPLICATION TECHNIQUE

EXAMPLE I- hybrid asymptotic method for the effect of the local thickness defects and
the initial imperfections on the buckling of cylindrical shells under combined loading

It is well known that initial imperfections of shells may have a remarkable effect on
the buckling load. Many authors discussed the effect of imperfections on the buckling
of cylindrical shells under axial compression as well as under external pressure. One can
refer to the works by Koiter (1945, 1963), Amazigo and Budiansky (1972), Kan (1966),
Volmir (1967), Gristchak (1976), Abdelmoula et al. (1992), Koiter et al. (1994) in
details.

In many cases it is impossible to obtain an exact analytical solution of the problem.
For this reason the applied mechanics problems are often solved by approximate
analytical methods such as perturbation and variation ones. Some mechanical problems
yield the governing ordinary differential equations with a parameter at leading
derivative. This parameter is natural or is introduced in equations for convenience. In
case when this parameter is small enough, one can use WKB method. In case when
parameter at leading derivative accepts both large and small values, application of WKB
method yields essential error in results. In order to reach an acceptable accuracy in
results, asymptotic methods are used with numerical and variation ones. Thus hybrid
WKB-Galerkin method allows to obtain solution of mechanical problem within a wide
variation interval of parameter.

Following the considerations of Gristchak (1976), Koiter et al. (1994), Geer (1990),
hybrid asymptotic methods are proposed for the effect of local thickness and geometric
defects and the external pressure on the buckling of compressed shellis.

In order to obtain an approximate solution to the buckling problem of a cylindrical
shell with thickness and geometric defects we use the double asymptotic expansion
technique that includes two steps. In the first step the stress function is presented as an
expansion of the magnitude of the thickness defects in terms of a small parameter &£ . In
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the second step the first term in the obtained expansion is presented as an asymptotic
2

expansion in a small parameter _,1_%_ that indicates the thickness defect spread area.

m
We consider a circular cylindrical shell of the radius R , length L that is made of an
1sotropic, elastic material with Young’s modulus E and Poisson’s ratio v. It is

subjected to an axial compressive load P, and to an external pressure A .

The governing eq