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M iSraitepm yapd Umodeybpeda ohpepa tov [pbedpo Tig Sephintc Axadn-
wiag Entetruodv xat Teyvov . Nikola Hajdin, tov 6700 7 Axadnpmin Adnvay
éEéhele i émituno wéhog ng. ‘O x. Nikola Hajdin eiva &vac SieSvog dubeieiog
€peuvnTig Th OewpnTinng xal Edmppoouévne Mryavintie, xat cuyypdves Evag
TEYVLIROG, O 6Tolog SLexpidn eig THY XATATREVY] KPEPATTMY YeEPUP@Y LEYEAWY
AVOLYIATOV (ke eDGUYpappua xahoSta.

‘O draxexpipévog auvadehdog Eyet émaverhnuuévag tiyet Siedvy Sraxpioe-
WV, elva GxatanévnTos oty dpyacia Tou, otadepog aTic memoLtdNgES Tou KAl
avaryvopiletar yix Ty Gdoaiwe Tou aTic napadéoeig THe Tatpidug Tou xal T
brhin pretald T@v Bakxavix®y Aadv.

Ayannre quvadelde, ebyapiotog g Emdidw t& Srdonpa To0 Evou Etaipou
s Axadmuiag Adnvav xat ode elyopat va &yete mtavta énttuyiee 010 Epyo gag.

‘H Zuvyrhnrog avédeae atov Anadnpaixd x. Avtmvio Kouvédn vi Tasougt-
4 I I ¥
aaet Tov Topkevo Zévo Eraipo.
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[IAPOYSIASH YTIO TOY AKAAHMAIKOY ». ANTQNIOT KOIYNAAH

Kupte TTpbedpe, xupiee xat xUotot cuvadeAdot, xupileg xat xUptot,
2

‘H Zéyxhntog the Axadnping Adnvdv, petd 4ro npotacy the A’ Takews
6y Oetix®v Entotnudv, ol Exave Thy iStaitepm) Tt v dvahdbm Ty Tapgou-
claan 00 véou Eévou éraigou TR Axadnpiag Adnvay, 100 Kadnyntod x. N.
Hajdin, ITpoédpov tHe Zepbirfic Axadrniog Enietudy xat Teyvov, évog Sie-
Hvole éubéhetag émaThpova oy Teptoyy THS «Mmyavixfion. Qg bubteyvos xat
dihog Tou, GrodéyTrra e iaitepn edyapioTnam THY EvToAl vi deudive Tov
%G EpWPEVD YAUPETIOWO %aT& TV drodtvi) Emiomuy OTodoyy Tou.

‘O %. N. Hajdin émétuye xatd povadind Tp6mo v ReTouaLOTeL o6& Tpdky) Ta
JewpnTind Tou edphpata oty edpltepm meployn THe «Mmyavintien, T «Ao-
iy xal «Ymohoyiotinty Muyavixip. Ztiy émathun the «Mnyavixfios, 1
6moio AmoTeAET TOV AxpoymvLaio Aldo ayedov HAwy TV EmaTn®Y ToU Yepaed-
ovta amo TloAuteyvinég Zyohée, ddeihetat o€ peydho 6adpo 1) GApatmdng Tpdo-
o 77 Teyvohoyiog, pé to TARY0g %al Thy Totxthin TOV TYETIRGY EdUPULOYOV.
Metakd adt@y eivat xai 1) xatacxeul) Yedupdv yia T4 (eVln peydhwy avoryps-
TWY, ATO TA TNULAVTIXGTEPR TEY VIl Epya, k& AmodaataTixt), &y YEVeL, GUBOAT)
TTNV TEYVIXT], 0IXOVOPLXY) XAl XOLVWVLXT) AVATTUEY (LLEG YDRAS.

‘O x. N. Hajdin, Staxexpipévog épeuvntie, Umhpke, GAA& éEaxohoudel xal
ofepa va elva, Evag EUTVEUTEVOS TYESIAGTIG XAl TAY®OGLIOU AxTivobohiog
LEAETNTNG YEGUP®Y LEYEAMY GVOLYIATOY VN TNEVMY GTh eDTUYPoULLA XAAG)-
. Qe Kadnyntig «Zidnp@v Kataoxreudmv» ato [averniothpio 100 Behrypadi-
ou ddmae énoy, 1650 (g EEéywv Siddanaag a0, ruptmTata, O xopudalog Eoeu-
VTG, Y& TN anuoavTiny Stedvh oupboAn Tou oty Extinney THE idtduopdne
TUUTIERL P0G TNBOPEVOY LEADY &TTO AVOLYTEG ASTITOTOLYES OtATOUES. ZUYAEROL-
wéva, 6 x. N. Hajdin émétuye Ty énéxtacy thg Epeuvntiniic adThg TepLoyfs, Tig
Gaoelg ThHe 6Tolag EZXE Yéaet 6 yvwatog Pdoog épeuvnting V. Vlassov, mpog thy
ratebuvan édapuoyTic Toug aTT) Yedupomotia. ITpdypartt, Té& anpavTind edpnuma-
T& Tou, ToU TeptéAabe o€ Eva SiTopo UYYPaUpLA Tou, Exdodiy aTig dpyts TR Se-
raetiag 100 70 ano Tov yvwoto éxdoTixnd oixo Sprieger-Verlag, petousinge &
TpakY, édappolovTtas Ta ETITUYGS BTNV XATAGTKEVT RETAANIX@Y XAAWSLOTEY

Yedup®V peyahwy avorypdtov. Akilet éniong vi pvnpoveudel 1 cupboAt) To0 .
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N. Hajdin oty émiAuoy Tpohnpdtwy atpédens —xatl wahiata o€ ywpin Tuyod-
oM YewPETplac P& pepinés Sradopirés EElamacts wéaw auvoptax®y 6AoxAnowTe-
x@v éodioewy. ‘H pédodog adti, Thyv dnoia avéntule mp®Tog altog T0 1954,
Jewpettor 4mo €idirole, ¢ TEOCEOROS THE TUYYEOVOU edddou TOV TUVOPLAX@Y
atoryeiwy (boundary element method). Mrac pedédou Ay droteheopatizic
oepa Y1 THY EnihuaT SuayEp®Y TTRPOBANUAT®Y StadtaaTaTou EVTATEwS.

Ol épeuvnTinég meptoyes atic 6moles 6 x. N. Hajdin éyet onpavtix) cupto-
A, & tic 200 xat TAéov Sroatelaets Tou, elvat: UToAOYIOTIXES Xal dptIunTL-
xéc uédodor aé mpobAfuata Jewpiac édacTixndTnTAC KAl dopiXTIS UNYAVLXTS,
Jewpla AemTOTOY WY XATATHEVDY, AYAAUTT) YEGUPDY Xati GLAYUATWY, CUUTEL-
$0p& TOV XATATHEV@DV TE xpouaTixe goptia. Ak pveiag, wetakd &hhwy, eivat
1) Snpocieuan Tou oTo Stedveg meptodixo International Journal for Numerical
Methods in Engineering (vol. 4, pp. b23-539, 1972), ¢ titho «MéJodog ‘Oho-
xAnpotixfg Elionaens Y& Thy EnihuaT TEobANIATOVY GUYORLAX@GY TILGV TTY)
Aop.ixy Muyovixt). Mépog 11: ENetntinég Mepixég Atadopinée Ebiocmaoeiey. T
nédodo adty) édNepooe pé émtuyia ot Vdpoduvapexa "Epya —petald t6v 6Toimy
Tpla peydha dpbypata oY) Xepbia— GAAL XUPLOTATA Y& T1) REAETY KAl THY K-
TATREVT] XOEUATTAV YePUP®Y P& eV IOYpapua xahwsta (Toa0 680dbowy Bo0 xal
o8npodpoptx®v). Metakd adtdv, GEilet iStaitepng wvelag 7 xataoxrevacdeioa
otd Novi Sad yédupa, Téve ano Tov ToTapmd Aobvaby, Tept T& TEAN ThHG Sexa-
etiag t00 *70. Tlpbxrettar yia pio 680ddpo xpepacth yébupa amd edduypappma
roah@bia, GANL (€ povi) getpd TVADVLY xaté Tov dlova g Yébupas. H popdh
alTh Yebup®V, ) ool Y& Evay dedakf oyediacnd cuveTdyeTaL Suayépeta ava-
Nigeme, A6y petwpevng avTiaTagews The Yébupas at arpéd, eivat iStaitepa
oixovoptxt) &AA& xai aiadnTinde TohU Suopdn. H petakhien adth yédupa elye
éhetepo vorypa 351 pétpa, ToOU NTaw TOTE TO UEYAAUTERD TTOY X6TU0 Y& THY
RATV Y00 XPERATTMY YEGUP®Y alTTG TS opdTie. H mpaypatina mpaio adty
YEQUPQL, Al CUYREXPLLEVA TO RECATO TNG GvoLypa, xaTeppiddy, SuaTuyde, xatd
1 Odpxeta T@V Teheutainy Gopbapdiopwdy t00 NATO. Thyv xatappiddeioa
adTh) yédupa —dwToypadia T dTolag eiye Snpooteudel Téte oty ébmuepida
KAGHMEPINH- eiya énionedlel ué quvepyatn pov and 10 EMIL peta 1o
Tépag T@®Y GouBapSLaR@®Y, XATOTLY TPOOKANTEWS ThHe epbinfs Axadnu.iag
Entotnpav xai Teyvov, npoxeévou v Stepeuviooupe e 2épboug 6uohdyous
g TE6aPHopoUE TEOTIOUS GToxaTacTacews TN "Hom 7 Yédupa adth énavarata-
anevdadnre, OO THY Enibhedr 100 Tinwpévou afuepa x. N. Hajdin, pé yonpa-
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t086tnaT T Elpwnainfc "Evwore. ‘H énavaxatacxkeun tng ftav 6vimg Eva
Suayepic éyyeiomua, Suayepéatepo dmd THY € UTapy g xaTacxEVY) TTG YEPUPAS,
Seopévou 8t pia TéTola dmoxatdoTacY) TpoUTodéTEL THY dXotbT) EXTIUNTY TS
OTdEyouTag AVTOYTS TNG KETA THY énchdoloa 6AGET) 0TO CoLXs TNG TUTTNAA.

ALiler axopa v pvrpoveudel Eva GhAo anpavTins teyvixo €yo 100 %. N.

Hajdin: TTpéxettar yi& 14 ot8npodpoptnty Yédupa Tavw &TO TOV TOTALO Sava
| I v e v

o0 Behtypddt, ) 6mola eivar 1) mp@n 070V xdapo oLdnpodpoptnt) Yébupa, xata-

oxevagdeion pé T0 Tpoavadepdey GUTTHLA XAAWBLWTTE AVAPTNTEWS.

‘O . N. Hajdin, axatanévnrog gpeuvntig xai pehetnthg, ouvey et atade-
ol xal aNpepa T600 THY Epeuva, 600 xal THY EXTEVNGT) EAETAV TPOG TEQALTEQM
GehTiwor adTo0 100 dYoyre ERdavigems xal 0iXoVORIXMDE TROTOE0U TUTIOU %XPE-
LaGT@OV Yedup@v. XaparTnptotind eivat 6Tt Tpd TeTpaeTiag Stxh Tou eAETY
Ehabe T0 mp@To Gpabeio Stedvols SlaywViaPod YL THY XATATREUT thing Yédupag
700 10D TUTOV TEVL ATtd TV ToTapd Biatovha atiy okt Plock t7g TloAwvi-
ag, Eheudépou avoiypatog 375 . [lpd tpretiog pahiorta, 6 x. N. Hajdin mapédwae
®ai THY TANET pehétn ThHe Yédupas althe, N 6nola Hidn xataoxrevdadnxe xal
tédnune o€ Aettoupyia TOY TEQATLEVD LTV

‘O %. N. Hajdin, yt& t0 épeuvntizd xat émayyehpatind tou Epyo, Eyel TU-
YeL peyadng Sedvois avayvwpioews Eivar Eévog Ertaipog dAAwy Axadnui@y,
[Tpdedooc 1) wéhoc Stedv@mv EMLTTNLOVIXDY ETLTEOTMY €Tl JEUATWY YEDUPOTOL-

I It it

fag, Stetéheae Teyvindg Xopmbovhog pmeyahwy Evwy Teyvixdv Eraperdv v
THY xaTagReVY) YedUp®Y gt Srddopeg YMpes ToD xoapou (Brwg Tvdics, Kavada,
‘Ehéetia, M. Bpetavvia, [lohwvia xAw.). "Eyet Swoet oepivapa xai Stahéetg
ot yvwota [avemiotnuia xat Tvatitoita (6w ot Beetavvia, oto Opoomov-
Srand Tvatitodto Teyvohoyiag the ‘ENGetiac ath Zupiyn xat ath) Awlavn, a0
University College 100 Aovéivou, ot [avemiothpia the [lpdyas, Mrpatioha-
6ac, Tuntoodpag, 2toutyrdodng, Apéadne, Avvobépou xal Aayey, ot TvoTitol-
I 9
o Mnyavixdy the Kahxoltag »at th¢ Bopbang, oty “Evwon Aldotelaxdmy
Mryavix@y oty Biévwwn, ot [averiothpto thHe Baydatrne, oto EM. Tloute-
yveto, athyv Axadnpia Dei Lincei oth Popm, oty Kuvelien) Axadnuia "Emnt-
oty 070 [exivo xAw.).

“Eyet Mber ToAAEg T Ting Staxpioets, Twg o Thv T6AT 100 BeArypadi-
ou 0 1959 xai &no Thy méAn 100 Novi Sad 10 1981. To 1987 &habe 16 Goabeio
AVNOJ, nob arevépeto oty toTe INouyrochabio yix EatpeTind EmiTelypata.
To 2000 6 EM. ITohuteyveio tov dvaybpevae ot Enitiuo Awddxtopa. O mpé-
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e dxdpa v Tovigdet 811 6 Ebéywv altog EmaTAROY, ToL Arohapbavet LeydAng
extyriioens ano 1oy Teyvino Kéopo the Zepbiag, Sraxpivetar yii t6 adapévtivo
11905 Tov, elvar Evag eppic ANV xat Sramplstog xhpuxag To5 EAAnvixol
Teewdoue. A pveiag elvar 1) qupbol) Tou oty dvaybpeuar Sranpemdy BAAH-
Vo ETaTNROVeY o€ Avtemiatéhhovta néhn §) Eévoug Eraipoug tig Zephinti
Axadnpiog Emetnuav xai Teyvav, wetald tév dmoiwy 6 deirvnotog Kadn-
YnTing xat Axadnpainog I1. Ocoydong, we tov dmolo elye win poxpd xal Y6viwo

GUVERYAT AL

Avyarnnte dike Nikola,

Aév yperaletar va SuAaw TeptaadTepo, BTay TOAD XaAUTEPE XAl TELTTIRG-
Tepa OtAel TO hapmps xal Sedvig ExTumuevo EmaTroviné cou Epyo. “Eva
€ov0, T0 67T0l0 Suxaing ot Eyet avadeifer Siedvirg ot Evay xopudaio émiaTiova
aThV TEPLoy TMY %peRad TV Yedup®dy. ‘H Axadnuia Adnvav, ot dvayvopton
abTAG TR eYAANG TOU GUBOATIG OTO EoEUYTTIXG RAL YEVIXOTEQR EMTITTMUOVING
auto Tedio, ot UmodéyeTar dmdde aTole xOATOUS TG, U THY eyl AAAX %l THY
memoidnay 6tu xat &mo adth T véa aou Jéom Tod Eévou Eraipou Sa cuveyiseig
va depaneiets Ty Emtatipn, oty dnoia téoa Todhk péypt orpepa Exels Too-

adepet.

Dear Nikola,

The Academy of Athens, in recognition of your outstanding contribution
to the broader area of Mechanics, welcomes you as a foreign member, with the
trust that you will continue, from this new position, your excellent scientific

and applied work.
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NIKOLA HAJDIN

STRUCTURAL MECHANICS AND STRUCTURES
SOME AUTHOR’S CONTRIBUTIONS

1. Introduction

In my very long scientific and professional activity, lasting almost 60
years, | worked in several branches of structural mechanics. Some of my first
contributions in the beginning of the second half of the twentieth century are
not actual now, but a big part of the contributions even from my first period

is, according to my opinion, still actual.

It is my intention to give a review of some of them in chronological order,
selecting only such theoretical contributions which are directly connected
with my engineering creations representing some development in the

technology of structures.

2. A numerical method based on integral equations

After the Second World War, the analytical methods were dominant
in structural mechanics, unfortunately, often not being able to solve
very complicated problems concerning the different structural forms and

geometrical and material non linearity.

It was obvious, that some numerical procedures were needed. I tried to
find some way to solve actual problems and some numerical method which

would have a practical application using classical calculators.

This was in the period when computers in engineering practice were an

unknown thing.

The result of the research was a numerical method, first published in
1956 [1], [2], [ 3], based on integral equations, able to solve the problems with
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the use of a modest number of linear equations, often smaller than the number

of equations used in the very known method of finite differences.

I would like to explain it on the very simple problem of the elastic torsion:

0’d o'd

R

where
®  stress function

C given constant.

Adopting a mesh of orthotropic lines (Fig. 2.1), the consisting parts of
differential equation along the lines of the mesh:

’® o'®
53] =rtew (5 e

will be transformed into integral equations.
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Figure 2.1

Using the numerical integration one gets in the matrix formulation:

O=Ap
o = Bgq

ptag==C
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And finally, the solution of the problem:
I+ BYp=IC

The method was applied for solving several problems of different
structures and other problems of mechanics, like dynamics of vehicles,
hydraulics and analysis of arch dams [4], [5]. The majority of big arch dams in

former Y'ugoslavia have been analyzed using this method.

The arch dam Glaznja (Fig. 2.2), one of the biggest in former ‘ugoslavia,
designed in 1968, was analyzed using this method.

Figure 2.2

The method was quoted and used by several authors in Yugoslavia and
abroad.

3. Creep of concrete and composite structures

After the Second World War, a new technology was introduced in the
construction of bridges, known as composite bridges, consisting of two
materials with different characteristics - concrete and steel - acting together

in the structural system.
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The concrete differs from steel, as a material having different relation
between the stress and strain. The concrete shows a time dependent strain
(deformation), which in the composite action influences stresses in the steel
part of structure.

This makes more complicated the analysis of the structures. The usual
combination of the concrete and steel was: concrete plate on the top of girder,

combined with the steel underneath the concrete plate (Fig. 3.1).

Figure 3.1

It was my ambition to propose something more general: a structure with

the arbitrary position of the concrete in the cross section.

The paper [6] was published at the beginning of the 60’s in the previous
century, see also [ 7], and practically at the same time I designed a big bridge
(with a span of 135 m.) across the Sava River at Orasje (Croatia) completed in
1968 (Fig. 3.2), following my previously done theoretical investigation [3].

lsuemon
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Figure 3.2
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This was the first bridge in the world with double composite action, i.e. with

the top concrete plate and the bottom concrete plate in the zones of support.

The first bridge of this art was constructed in Germany 25 years later.

/. About the thin walled structures

A big part of my scientific activity was oriented to the theory of the so
called thin walled structures, which are extremely important in the structural

practice.

They are often the basis in the construction of different objects, mostly in
metal materials. In this topic [ wrote more than 30 papers, publications and

two books in Springer editions [9], [10], [11].

These papers and books have been cited and used in several hundreds
other papers and books, and are used in many universities as literature for

post-graduate students.

5. Fatigue of cables in cable stayed bridges

The cable material, a high strength steel, is very sensitive on fatigue.
Due to this fact, the amplitude between the maximum and minimum stress is
limited. On the other side, the oscillation of loading due to traffic, in the case
of railway bridges can be very high.

Because of that fact, it was common opinion that the cable stayed bridges

are not suitable for railway bridges.

The theoretical studies I have done, have shown that under certain con-
ditions the application of cable stayed bridges for railway traffic could be
possible.

In order to realize this idea, some theoretical and experimental studies
have been necessary, among others, the bending of cables in the anchorage

Zones.
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An analysis of this phenomenon was done [12], taking into account
displacements of the anchorage points in the pylon and girder (Fig. 5.1), using
a new type of cable, with the wires in a polyethylene tube (Fig. 5.2).

r T~
b=t

Figure 5.1

Poiyethylene duct

163 wirgs hia 7 mm

Injected corrosion
protection matenal

Figure 5.2

The results we obtained have shown that these additional stresses are
important, and we respected them during the construction of the first cable
stayed bridge in the world for the railway traffic, that I designed across the

Sava river in Belgrade.
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This phenomenon was later considered by other authors during the
construction of several bridges of this kind, by introducing some additional

devices in the anchorage zones.

The railroad bridge across the River Sava, between the "Novi Beograd” and
"Prokop’ stations, is 1928 m. long in all [ 13], [ 14]. It consists of a crossing over

the river and approaches on the left and right banks (Fig. 5.3).

Figure 5.3

The approaches on the left bank section are 791.36 m. long, the central
section above the River Sava and the Winter Harbor is 557.94 m., and the

approach on the right bank section is 578.76 m. long.

The main bridge structure - its central section - is a continuous girder
(stiffening beam) with spans of 52.74 + 85.00 + 254.00 + 50.00 + 64.20 =
555.94 m., with cable stays in the central spans. The stiffening beam consists
of two box girders (Fig. 5.4), of a constant height of 445 m., mutually
interlinked by an orthotropic deck, which carries the ballast and tracks.
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Figure 5.4

On both sides of the main span, there is a pair of vertical pylons anchored
in the bridge stiffening girder. The cable stays are distributed in two vertical
planes, supporting the stiffening girder at approximately every fifth of the 254
m. span. All the cables are anchored above the supports of 50 m. long, lateral
spans. Adopting BBR system parallel wire cables with high fatigue resistant
Hi-Am anchors, along with measures to increase the bridge mass, optimum
stress level, excellent cable tension for dead loads and an insignificant

influence of cable sag on vertical displacement of the structure was achieved.
The bridge was completed in 1979.

We should mention that this is the first time that this type of cable was
used in Europe. Since that time, up to date, this type of cable has been the
dominant form used for cable-stayed bridges in the world.

6. Stress and strain distribution at local points of cable stayed bridges

The elements which differentiate the cable stayed bridges from other struc-
tures, are the anchorage zones, where very high concentrations of stress occur.
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The analysis of these stress concentrations, which usually have a two
dimensional character, is based on the finite element procedure [15]. A
detailed analysis has been done, on the basis of elastic and elastoplastic model,
considering the safety margin of the element, in the case of a fully plastic
behavior (Fig. 6.1, Fig. 6.2).
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This investigation has been used during the construction of the cable

stayed bridge across the Danube river in Novi Sad, completed in 1981 [16],
[17].
There are other theoretical investigations, which have been used in the

construction of this bridge.

The main structure of the roadway bridge across the Danube in Novi Sad
(Fig. 6.3) is a girder with cable stays. With its 351 m. span, it set, at the time
of its building, the world record for bridges of this type, with pylons and stays
in the central plane of the bridge.

Proceeding from the Novi Sad side (the left bank), the bridge comprises:
a) the approach bank structure which is 301 m. long, made of prestressed
concrete,

b) the access composite structure of the left bank with spans of 4 x 60 = 240 m.,
c) the main steel structure of the girder system with cable stays and spans of 2
x 60+ 351 + 2 x 60 = 591 m.,,

d) the access composite structure of the right bank with spans of: 3x60 = 180
m. The total length of the bridge is 1312 m. The bridge is designed to accom-

modate six traffic lanes.

Figure 6.3
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The main bridge structure is undoubtedly the most important and most
complex part of the entire bridge. The stiffening girder, or the main girder, of
the bridge, has a box cross section, trapezoidal in shape (Fig. 6.4).

4
AL gl 979 ak.g
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4

Figure 6.4

The height of the box is 3.8 m., the width of the lower plate is 13.0 m,,
and of the upper plate 27.48 m., of which the width of 16.0 m. is an integral
part of the closed cross section. The pylons of the bridge are above the piers,
at the ends of the main span, positioned in the axis of the bridge and fixed in
the stiffening girder. Three groups with % parallel wire cables are arranged in
a single plane, having a harp configuration. They are spaced along the main
span of the bridge, at distances of H4+48+48 m., symmetrically on both sides.

This bridge was destructed during the NATO bombing (Fig. 6.5) and re-
constructed in full original shape at the end of the year 2005 [18], [19], [20].
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Figure 6.5

7. Patch loading - theoretical and experimental investigations

The stability problems and ultimate load behavior of steel plate girders
have attracted a lot of attention during the last few decades. The behavior of
the plate girder, subjected to patch load or partially distributed load on the
flange in the plane of a web without vertical stiffener bellow the load, was

also intensively investigated.

Our research was concentrated on the behavior of girders with longitudinal

stiffeners, made on a series of tests on plate girders (Fig. 7.1).

I

ty

Figure 7.1
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Theoretically [21], some model was proposed leading to the value of

ultimate load.

We were included in common research with scientists from England and
the Czech Republic [22] .

The result of our investigations was a criterion for the ultimate load,

which was used in the British standard.

8. Ship impact on structures (bridges)

Ship impact has attracted a considerable attention of engineers, mainly

due to safety reasons in bridge design.

In the last few years I have studied with my collaborators various
problems concerning ship impact on rivers and canals [23], [24], [25], [26].
The main goal of our research has been an estimate of impact actions on civil
engineering structures, which can be used as a reliable basis for the analysis

of impacted structure.

At the beginning, the effort has been concentrated on bow impact problem
and later on sideway impact.

A considerable crushing of ship bow structure takes place during a
collision. In the crushed zone, large rotations, displacements and even large
strain components of individual structural elements are present. However, in
most cases, the crushed zone is relatively small in comparison to the length of

the vessel.

Crushing characteristics of a ship bow structure have been analyzed on the
basis of the Maier-Doernberg experimental research. The reaction forces due

to the collapse mechanism have been divided on deck and bottom structures.

The deck or bottom structure is modeled as an assemblage of finite number
of folded sections (Fig. 8.1).
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Figure 8.1 Formation of folds in the dec

k’s plate

Each folded section is divided in two transverse elements and one lon-

gitudinal element. The later is assumed to buckle elastoplastically out of the

deck’s plane.
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Figure 8.2 Deformation behaviour of ship’s hull
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Figure 8.3 Relevant impact function F(t) for frontal ship impact

Through supposed art of deformation, a corresponding total reaction force
has been obtained for each step of deformation. That means displacement of

the bow into longitudinal direction represented as the F-d function and

shown on Figure 8.2.

The last step is the solution of the dynamic equation on the basis of the

relation between the force and deformation (Fig. 8.3).

This analysis has been used in the calculation of several bridges’ piers in

the rivers of Switzerland.
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9. Last design achievement: bridge across the River Vistula

Last design achievement was the roadway bridge across the River Vistula
in Plock in Poland, 1st prize at an anonymous international competition (Fig.
9.1), cable stayed bridge with the span 370 m. and cables in one single vertical
plane [27], [28].

The total length of the bridge is 1200 m., of which 615 m. is the length of
the main part of the bridge over the Vistula riverbed and 585 m. the length
of the access part of the bridge above the inundation basin. The main bridge
structure is a symmetrical steel structure, a cable-stayed bridge composed of a
continuous girder (with 2 x 60 + 375 +2 x 60 m. spans), cable stays and two

pylons.

Figure 9.1
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The bridge girder has a torsionally stiff three-cell cross section of
trapezoidal shape, (height 3.5 m,, lower plate width 13.0 m., upper plate width
16.5 m.), cantilever arms 5.5 m. wide. The pylons to which the cable stays
transmit their tensile force, are made of steel and fixed in the girder of the
bridge. The cable stays are placed in the central vertical plane of the bridge, in
what is referred to as modified harp distribution. Each cable stay consists of

two individual cables (ropes) at axial distance of 750 mm.

The bridge was completed in the year 2005.
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