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ITPOAOI'OX

H napovoa OUWA@PATIKY] €pydold KATAIAVETAl MHPMOTIOT®G PE T HEAET TNG
OLPIIEPIPOPAS KAl TOV DIIOAOYIOPO Thg avioxrg piag ayidag Von Mises kat xatd
debTEPO AOYO e T peNETH) TG OLPIIEPLPOPAG KUKAK®DV TOS®V.

H ayida Von Mises eivat am\og itoootatikog @opéag. Amoteleitat amd Ovo
eoBoypappeg paBdovg ot onoieg evavovtat pe apbpwor oty oteywn kat otpifovrat oe
éva oprgovtio eminedo pe apbpwoetg. [Tpoxettat yia éva tprapbpwtd ocvotnpa to onoio
emdeyxetat axkpiPeig AdOelg. XoVENmG, pPe TN AOYIKN] TG OTATIKIG MP®THG TASHG Ot
paPBdot Oa avéntoooav otabepr) alovikr dvvapn kat Oa xvddvevav va aotoxroovy
gpooov 1 dvvapn avtr) éptave pia Kkpiown tipn ) onoia Ba agopovoe ette ) Sappor),
ette To Avylopo tov pdBdwv avdloya pe ) Aoynpotnta toog. Ot papdot Ba Sieppeav
11 Oa Aoylav epooov 1 kpiowun Svvapn rtav n dvvaun Owapporg 1) 1o goptio Euler

avtiotolya.

ITapoAa avtd, voapyet eva evOexopevo To oroio Oev exet Angdet vmowrn). Avto agopa
v mbavotmta n ayida va vrootet KaboAko Biato Avytopo, dnAadr) 1o ocooTpa TOV
dvo pdPdwv va ydaoetl v evotdabeta Tov Kat 1) KopvPr Tov va odnynbet yapnAotepa
amo 1o eminedo otrpiing. Avto pmopetl va copPet otav n ayida eivat moAd pryn. Ze
ALTEG TIG TIEPUITOOELS 1) U1 YPAPpKOTTa dev etvatl kabBoAov apeAntéa. Zovenwg, 1)
OTATIKI) OPp®TNG Tadng Oev emapkel yia tov akpiPry LIOAOYIOPO TG AVIOXHS TS
ayidag al\d ovte propet va mpoodiopioet v pop@r aoctoyiag. OAa avtd pmopoovv
va Angbobdy vnoyn povo pe Bewpnorn peyaA®V PETAKIVIOE®V.

H peletn g oovpnepupopag g ayidag tomoo Von Mises €xet oOnyrjoet ot
datdnimon prag pedodoAoyiag LIIOAOYIOPOV TG AVTOX1)G KAl TG LOPPIG AOTOXIAG TOL
OLOTPATOG aLTOL, 1 omoia AapPdvel vmoywn NG T P} YPAPHKOTNTA TOL
HPOPANpatog. Znpaviiko otolxeio g mpotetvopevng pebodoloyiag eivat to yeyovog
OTL KAVEL P10 TOL PeI@TKOL ovvtedeotr) x tov EC3 eve 1 poper) g eivat avaloyn
g Owdtadng tov Evpoxkadika mov apopd to OAopevo vrootodepa.

MeydAn npoonabela éyel yivel ek pEPOLG TOL OLYYPAPEA Yla TV 000 T0 dvvdaTov
IANPEOTEPT] KAl IO KATAVOITY) IApovoiaocn tov Oépatog pe 1o omoio aoyoleitat 1)
epyaoia aovt). Etoy, 10 mpoto KEPAAAO ACXOAEITAl PE EOAYDYIKEG €VVOLlEG TNG
Oemplag Tov eAdOTIKOL ADYIOPOD pECA AIO TO OIOI0 O AVAYV®OTNG HIopel va mdpet
pla mpwtrn yedorn petadd aAAev kat yia to Pilato Avylopo o omoiog ovvOéetat Imo
apeoa pe 1o Bepa pag. Akohovbwg, oto 8edTEPO KAt TPITO KeAAdAlo nmapovotalovdat
OAa ta amnapdait)ta Ge@pnTKAa OTOlXEld IOV APOPOLV TI| CUPIIEPLPOPA Hlag ayidag
Von Mises kat evog KOKAKOD T0Sov avtiotolya. Oa mpenet va onpetobdel 0Tt apketég
ano Tig BempnTikég Ox€oelg TOL OEDTEPOL KEPANAIOD IIPOEKLWYAV OTA MAAIOLA VTG
G epyaoiag. 2To TETAPTO KEPANAIO YIVETAL M OLVIOHN IAPOLOLAOI TWOV
dvvatot)teov tov npoypdapparog ADINA eve mapovowdletar Prjpa mpog Prjpa 1
avAalvorn) evog KDKAKOL TO00 KAVOVTAG XP1)on ToL 18100 mpoypdppdatog. 1o MEPITOo
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KePAAA0 IAPOLOLAlovTatl OAA TA AIOTEAEOPATA IOV MPOEKLYAV AIIO T PEAET) TNG
OLPIIEPIPOPAS TNG OLHIIEPLPOPAS TG ayidag Von Mises eved OTO €KTO KEQAAALO O
avayveotng proopet va epnedwoel Kalvtepa TV Ipotetvopevn) pebodoloyia
DIIOAOYIOPOV TG AVIOXT|G TG HEO® ADHEVEOV IAPAdElypATOV. 10 ¢Bdopo Kealatlo
Iapovolalovial TAd dIOTEAEOHATA HIAG HEAETNG TOV KOPLOV  YAPAKTPLOTIKOV
KOKAIK®OV TOE®V. 210 Oyd0oo Ke@AAAlOo emiyelpeital Hpiuad OLYKEQPAANAi®ON T®V
AP AT PHOEDV KAl OOPIIEPACPAT®V IIOL IIPOEKLYAV OtV epydaoia avtr). AkoAovdodv
Tpla napaptpata ota omnota napartifevral petalp dAA®vV 10 DpOypappd Mov £xet
ypagtetl otn pabnpatikr) copPolikr) yA\wooa Maple yia tn peAetn Tng OOPIIEPLPOPAG
¢ ayidag Von Mises 0nwg ermong xat pepikd xpropa otorxeia ano tov Evpoxmdika
3.

Amo ) 0¢on avtr) dev Oa propovoa mapd va ek@paom Tig Beppég pov evyapiotieg
otov xopto Xapn Tavté, Emikovpo Kabnynt) oto Tprpa IMohtikov Mnyavikev
E.M.IL xat emPAénovta g SUIA@PATIKIG HOD epyaoiag, yid Tig HOADTIHEG OUPPOVLAEG
TOD KAl TO apéPLloto evolapepov To omoio emédele oe OA T OldpPKeld TG EKIIOVIONG
¢ . Evyapiotm emiong tov vmoyrgpro diddxtopa Mnva Aepovry yia tig oopovleg Tov
oxeTikd pe to npoypappa ADINA.

Téehog, Oa 1neha va ekppdo® TNV ArEPAvI] €DYVOHOOLVI] HOL KAl TO XPEOG HOL
amévavtt otovg Yovelg pov yua Tig tooeg Bvoleg tovg mov exavav dvvaty v
exrtaidevon pov o pla amd Tig mo adtoloyeg oxolég tov EOvikod Metoofrov
IToAvteyvetoo "t ZyoAr) [ToAttikov Mnyavikeov.

Xprotogopog AnporoovAog
Abrjva 2004
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PREFACE

The present diploma thesis is dealing mainly with the investigation of the behavior
and the determination of the strength of a Von Mises truss and secondarily with the
investigation of the behavior of circular arches.

The Von Mises truss is just a simple statically determinate structure. It is consisted of
two perfectly straight rods which are connected with a hinge at the top and supported
at a horizontal plane with hinges. This is a three hinge truss which has an exact static
solution. Consequently, as far as the first order analysis is concerned, the two
members of the truss would develop a constant axial force over their entire length. If
this axial compressive force reached the yielding bearing capacity or the Euler
buckling force, depending on which one is the most crucial, it would cause failure.

Despite the aforementioned, there is a possibility which has not been taken into
consideration yet. This has to do with the possibility that the truss may exhibit a snap
- through - buckling kind of behavior, that is the system to lose its static stability and
as consequence the top of the truss to move at the symmetrical position of the
undeformed equilibrium position. Such a failure could appear only if the truss is
shallow enough. Under such circumstances, the geometrical nonlinearity could not be
negligible. As a result, neither the strength nor the sort of failure could be predicted
satisfactorily with the aid of a first order analysis. This can only be achieved if we take
into account the nonlinearity of the problem by performing a second order analysis.

The investigation of the behavior of a Von Mises truss has led to the determination of
a methodology of determining both the strength and the sort of failure of a given truss
subjected to a vertical concentrated load at its top.

The writer has made a great deal of effort so as to make the presentation of this
diploma thesis subject as more complete and intelligible as possible. So, the first
chapter deals with fundamentals concepts of the elastic stability theory through which
the reader could have a first glance of the snap - through - buckling which is of our
best interest. In the second and third chapters all the necessary theoretical elements,
concerning the behavior of a Von Mises truss and a circular arch respectively, are
provided. It should be pointed out that many of theoretical equations on the Von
Mises truss have been derived during the preparation of the present diploma thesis.
The fourth chapter gives a short presentation of the capabilities that the finite element
program ADINA has and a step to step analysis of a circular arch is given using the
same program. In the fifth chapter, all the results of the investigation of the behavior
of the Von Mises truss are provided while in the sixth chapter the reader can
understand the methodology of the determination of the strength of such arches
through solved problems. In the seventh chapter the result of the investigation of the
main characteristic of circular arches are presented. The eighth chapter is focused on
the main conclusions that have been reached through this work. Finally, there are
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three appendixes A, B, I' which among others present the program written in the
symbolic mathematical language Maple for the research on the behavior of a Von
Misses truss and provide useful elements taken from the EC 3.

From this position, I would like to express my deep gratitude to Mr. Chares Gantes,
assistant professor in the Civil Engineering School of N.T.U.A., for his valuable
advices and his undivided interest during his supervision of the preparation of my
diploma thesis. I would like also to thank the PhD candidate Minas Lemonis for his
advices concerning the finite element program ADINA.

Finally, I would like to express my endless gratitude and obligation to my parents.
Haven't been their sacrifices and care, I wouldn’t be able to de educated in one of the
most remarkable schools of N.T.U.A_; the School of Civil Engineering.

Christoforos Dimopoulos
Athens 2004
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