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1. VIDENSKABELIGE PUBLIKATIONER M.V.

Scientific papers etc.

Publikationer, der ikke er mzrket med /%/ eller med pris, er gra-
tis. ‘

Publikationer, som er mzrket med /%/, kan ikke erhverves gennem
Afdelingen for Barende Konstruktioner. Der henvises til den an-
forte institution eller udgiver.

Publikationer, for hvilke der er éngivet en pris, vil blive
faktureret til bestilleren.

' Der er indfert en abonnementsordning for Afdelingens serie R
(Rapporter, ISSN 0108-0768), der beskriver forskningsresultater
fra ABK. Publikationerne i denne serie kan fas tilsendt straks
ved udgivelsen for en abonnementspris af kr. 130,- dazkkende udgi-
velserne i perioden 1.7.1990 - 30.6.1991 (ca. 5 - 8 publikatio-
ner). Anmodninger om abonnement kan gives skriftligt eller tele-
fonisk til Afdelingen. '

Endvidere er der indfeort en abonnementsordning for Afdelingens
serie F (Forelasningsnotater, ISSN 0108-0571), der indeholder
grundiaget for de fleste af Afdelingens undervisningstilbud. Man-
ge emner beskrives her for ferste gang pa dansk. Publikationerne
i dénne serie kan fas tilsendt straks ved udgivelsen med en abon-
nementsrabat pa& 20%. Anmodning om abonnement yfork perioden
1.7.1990 - 30.6.1991 md ske skriftligt, f.eks. pa den kupon, som
findes bagest i dette hafte. Abonnementsprisén vil blive opkravet
ved periodens udleb. -

*Publications not marked with an /%/ or for which no prices are
indicated are free upon request. For a publication for which a
price is indicated, payment must be made at the time of ordering.

The series R (Report ISSN 0108-0768), in which the research re-
ports are being published may be obtained in subscription. The
Subscription price outside Denmark, covering publications in the
périod ist July 1990 to 30th June 1991, is Dkr. 130,-. Payment
should accompany orders of subscription.



A publication exchange agreement may be made with institutions
working with structural research problems. Please apply for: fur-
ther information. ’
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ANDREASEN, BENT STEEN: *Anchorage of Ribbed Reinforcing Bars.
Forankring af forkammet armering.) Afdelingen for Bazrende
Konstruktioner. Serie R, nr. 238, 1989, 256 s. Gratis. /Lic/.

*Anchorage of ribbed reinforcing bars is treated theoretically.
The obtained expressions for the load carrying capacity are com~
pared to test results reported in the literature.

The theory of plasticity is used as basis for the theoretical
calculations. The material properties of the concrete do not ful-
f£fil the conditions of the theory and therefore modification fac-
tors are introduced. These factors are known as effectiveness
factors. The effectiveness factor for tension is examined in par-
ticular.

The anchorage failure is divided into three parts: The local
failure immediately around the reinforcing bar, the failure in
the surroundings for one reinforcing bar, and the complete fail~-
ure which includes all the bars in the section. The three parts
are separated in the calculations.

The local failure is investigated by upper and lower bound cal-
culations and correspondence between the load carrying capacities
are obtained. The failure in the surroundings in an axisymmetri-
cal specimen is also investigated using upper and lower bound
calculations. Coinciding values of the load carrying capacity are
obtained for part of the actual interval. From these calcula-
tions, it appears that upper bound solutions can be determined
with satisfactory accuracy by using a failure mechanism, where
the surrounding concrete is displaced away from the reinforcement
as rigid bodies with a constant velocity. Upper bound solutions
for the load carrying capacity are therefore in principle simple
to determine.

Expressions based on upper bound calculations for anchorage at
supports with one and more than one layer of reinforcement and
lap splices are developed. The load carrying capacity from these
expressions is compared to test results. In the 1light of the
comparison with tests, simple expressions for calculations in
practice are expounded for anchorage at supports with one layer
of reinforcement and for lap splices.
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Forankring af forkammet armering er'behandleﬁ teoretisk. De frem-
komne udtryk for bazreevnen er sammenlignet med'forsagsresultater
refereret i litteraturen. ‘ ‘ )

Som grundlag for de teoretiske beregninger er plasticitetsteo-
rien benyttet. Da betons materialemassige egenskéber ikke opfyl-
der forudsaztningerne til plasticitetsteofien, indfgres faktorer
til korrektion af de fejl, der begas. Disse faktorer benzvnes ef-
fektivitetsfaktorer. Effektivitetsfaktoren for trazk er undersegt
specielt. '

Forankringsbruddet opdeles i tre dele: Det lokale brud umiddel-
bart omkring jernet, brud i omgivelserne fra et enkelt jern og
det totale brud i hele tvarsnittet. De tre dele adskilles fra
hinanden rent beregningsmasssigt.

"'Ved ovre- og nedrevardiberegninger er det lokale brud under-
spgt, og der er fundet sammenfaldende vardier for bareevnen.
Bruddet i omgivelserne af et rotationssymmetrisk legeme er lige-
ledes undersegt ved ¢vre- og nedrevardiberegninger. Sammenfalden-—
de vardier for bzreevnen er fundet for en del af det aktuéile in-
terval. Det viser sig ved disse beregninger, at ¢vrevardier med
god ngjagtighed kan bestemmes ved at benytte en brudmekanlsme,
hvor den omgivende beton flyttes vek fra armeringen som stive
dellegemer med konstant hastlghed. ¢gvreverdier for bzreevnen er
derfor principielt simple at bestemme.

Udtryk, baseret pa ¢vrevardiberegninger, for forankring ved ve-
derlag af et og flere lag armering samt for overlapningssted er
opstillet. Disse udtryk er sammenlignet med forsagsresultater. I
tilfaldet forankring ved vederlag af et lag armering og ved over-
lapningssted er der pa baggrund af forsegssammenligningen opstil-
let simple udtiryk til brug for beregninger i praksis.

ANDREASEN, BENT STEEN: *Anchorage Tests with Ribbed Reinforcing
Bars in more than One Layer at a Beam Support. (Forank-
ringsforseg med forkammet armering i mere end et lag over
en bjzlkeunderstetning). Afdelingen for Bazrende Konstruk-
tioner. Serie R, nr. 239, 1989. 70 s. Gratis. '
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*It is well known and accepted that the load carrying capacity of
anchorages of reinforcement at a support is larger than if the
anchorage zZone is placed where there is no pressure on the sur-
face of the concrete.

In the literature, test results with anchorage of reinforcing
bars in one layer at a beam support arevdescribed, while more
than one layer of reinforcement has not been treated experimen-
tally, as far as is known.

This report dealsvwith aipilot test series with anchorage of
ribbed reinforcing bars in more than one layer at a beam support.
The specimen, the materials, the test set-up, the measuring in-
struments and the test results are described in detail.

Det er almindeligt kendt og accepteret, at bazreevnen af forank-
ringer over en understgtning er sterre, end hvis forankringen
foregdr et sted i konstruktionen, hvor der ikke er et sidetryk pa
betonen. _ .

Der er i litteraturen beskrevet en del forseg med forankring af
armering i et lag over en understotning, mens flere lag armering
sd vidt vides ikke er behandlet experimentelt.

Denne rapport behandler en pilotforsegsserie med forankring af
flere lag armering over en understetning. Pravelegémer, materia-
ler, forsggsopstilling og m&leudstyr er detaljeret beskrevet.

ASKEGAARD, V.: Elektriske mdlemetoder til miling af termomekani-
ske storrelser. 2.'udgave. (*Electrical methods for measur-
ing thermomechanical quantities. 2nd. ed. In Danish). Afde-
lingeh for Bzrende Konstruktioner. Serie F, nr. 116, 1989,
144 s. Kr. 65,- excl. moms.

Notatet omhandler de vasentligste elektriske metoder til maling
af termomekaniske steorrelser som: Tejning, flytning, accelera-
tibn, spaznding, kraft, temperatur etc. Vagten er lagt pa beskri-
velse af metodernes baggrund og de fejlmuligheder, som kan pavir-
ke mdlingerne, samt pa beskrivelse af enkle elektriske kredsleb,
som er vasentlige for gennemforelse af malinger.
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Dette reprasenterer i sarlig grad den del af mdlesystemet, -hvor
brugerens egen indsats og erfaring er af betydning, idet et hen-
sigtsmessigt valg af mdleprincip ofte forudsztter et neje kend-
skab til det fysiske fxznomen, som ¢nskes undersoegt.

*The lecture note deals with some of the most important electri-
cal methods for measuring thermomechanical quantities 1like:
Strain, displacement, acceleration, stress, force, temperature
etc. ) '

Emphasis is placed on the background of the methods and the
most probable error sources. Simple electrical circuits are de-
scribed. Together these subjects represent ‘that part of  the
measuring chain where the user must rely on own experience, be-
‘cause a correct choice of method requires an intimate knowledge
of the physical phenomenon to be investigated.

BRONDUM-NIELSEN, TROELS: *Serviceability Limit State Analysis of
Circular and Annular Cracked Concrete Sections. (Brugssta-
dieberegning af revnede, cirkulzre og ringformede beton-
tversnit). ACI Structural Journal. V. 86, No. 4, July-Au-
gust 1989, pp. 401-404. (Reprints available).

*A method is presented for a serviceability limit state analysis
of circular and annular cracked, partially prestressed, or non-
prestressed concrete sections. The cross section can be rein-
forced with a combination of prestressed and nonprestressed rein-
forcement. (The corresponding ultimate limit state problem was
discussed in a previous paper). The method is suitable for compu-
ters.

En brugsstadieberegning af revnede, cirkulare og ringformede, ar-
merede betontvarsnit med eller uden forspanding. Flow chart for
EDB er inkluderet. ’
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BUCH, JASPER S.R. and HENRIK STANG: *Mechanical behaviour of FRC
materials with added microfiller. (FRC-materialer med mi-
krofiller-mekanisk respons). In: Fibre Reinforced ‘Cements
and Concretes: Recent Developments, ed. by. R.N. Swamy and
B. Barr. Elsevier Applied Science, London and New York,
1989, pp. 42-49. :

*The permeability and mechanical behaviour of a cement based
material is closely related to the nmicrostructure of the
material.

Adding microfillers to the cement  changes the microstructure
and as a consequence of this, ‘the total porosity (and thus the
permeability) of the material is reduced.

The present work describes the mechanical behaviour of cement
paste with added microfiller, reinforced with various amounts of
polypropylene fibres.

The test specimens have been exposed to uniaxial tension and
the results are reported.

BYSKOV, ESBEN, ANNETTE'  BERENTZEN og J@RGEN KJEP: Citationer i
Science Citation Index 1970-85 for medarbejdere ansat ved
ABK 1 1985. (*Citations in Science Citation Index 1970-85
for Faculty Employed at Department of Structural Engineer-
ing 1985. Afdelingen for Bazrende Konstruktioner.. Serie I,
nr. 91, 1989. 66 s. Gratis.

Rapporten indeholder citationer i Science Citation Index 1970-85
af alle arbejder udfgrt af medarbejdere ansat ved ABK i 1985. Der
er saledes ikke skelnet mellem arbejde udfert ved henholdsvis
uden for ABK. :

*The report contains citations in Science citation Index 1970-85
of all papers, books ect. written by faculty employed at the De-
partment of Structural Engineering in 1985. No distinction is
made between work conducted at and outside the Department, re-
spectively.

i0
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BERENTZEN, ANNETTE, se BYSKOV, ESBEN, ANNETTE BARENTZEN ogq J@RGEN
KJEP

DAMKILDE, LARS, se TONG-SHAN, JIN, IARS DAMKILDE og CLAES DYRBYE

DITLEVSEN, OVE: #*Proposal for a Code for the Direct Use of Re-
liability Methods in Structural Design. (Forslag til en
norm for direkte brug af palidelighedsmetoder til barende
konstruktioners dimensionering). Afdelingen for Bazrende
Konstruktioner. Serie R, nr. 248, 1989. 28 s. Gratis.

*The paper is an example of how a code text for a full operation-
al probabilistic code for the safety of structures can be formu-
lated. The suggested safety formalism is formulated as an explic-
it probabilistic model which characterizes adverse events through
the concept of limit state as used in the usual partial coeffi-
cient codes. The utility concept and the principle of optimality
being basic to the decision theory is included as a formalism
that allows rational calibration of the essential parameters in a
decision theory based safety code to existing praxis of design.

Artiklen er et eksempel pa, hvorledes en normtekst for en fuld
operationel sandsynlighedsteoretisk baseret norm for bazrende kon-
struktioners sikkerhed kan formuleres. Den foresldede sikkerheds-
formalisme er formuleret som en eksplicit sandsynlighedsmodel,
der karakteriserer tabsgivende hzndelser gennem gransetilstands-
begrebet, som det bruges i sadvanlige partialkoefficientnormer.
Beslutningsteoriens nyttevardibegreb og optimalitetsprincip ind-
gar som en formalisme, der muligger rationel kalibrering af va-
sentlige parametre i beslutningsteoretisk baserede normer til ek~
sisterende dimensioneringspraksis.

11
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DYRBYE, CLAES: *Structural Dynamics. Nordic Courses on Earthquake
Engineering, Trondheim and Bords. January 1989, 54 pp.

*As the paper is prepared for Education Courses the response to
ground motion is the main subject.

Rather'traditionally, the first chapter deals with structures
having only one degree of freedom, here the concept of a response
spectrum is introduced, and Newmark’s method for numerical inte-
gration in time is presented.

Chapter 2 deals with systems having many degrees of freedom,
.and some discussion of influence of eccentricities is given.

Chapter 3 is correspondinglyv about response . of continuous
structures, ‘it is shown for a chimney[ how numerical solutions
may be obtained. o ‘ . '

Finally, éhépter 4 gives a very brief introduction to the re-
sponse of non-linear structures.

DYRBYE, CIAES: *Response of Elastic, Plane Frames to Earthquakes.
Proceedings International Conference on Highrise Buildings,
Nanjing, China, 25,-27. March 1989, pp. 152-156.

*Dynamic response of plane frames with a simple configuration is
calculated by means of a method which combines the principles of
Holzer-Mycklestad’s method for harmonic vibrations with Newmark’s
’ﬁ%methddkfor non harmonic vibrations.

The ground motion is simulated, and different earthquakes with
the same spectrum have been applied to different frames. Maximum
values of shear forces and bending moments are found as functions
of the duration of the earthquake and of the structural damping.

DYRBYE, CILAES, se ogsd TONG-SHAN, JIN, IARS DAMKILDE og CLAES
DYRBYE

12
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FEDDERSEN, BENT, M.P.NIELSEN og DAVID HOIKMANN OISEN: Opgaver i
Styrkeberegning af Beton og Jernbeton, 2. udgave. (*Exer-
cises in Reinforced Concrete Plasticity, 2nd ed. In Dan-
ish). Afdelingen for Bzrende Konstruktioner. Serie F, nr.
117, 1989. 48 s. Kr. 27,~ excl. moms.

Den foreliggende opgavesamling knytter sig til kurset "viderega-
ende beton styrkelazre". En stor del af opgaverne er eksamensopga-
ver.

*The present collection of problems is connected with the course
"Advanced Reinforced Concrete Design". Several of the problems
have been used for examination purposes. ’

GIMSING, N.J., JAMES D. LOCKWOOD og JAEHO SONG: *Analysis of
Erection Procedures for Cable-Stayed Bridges. (Analyse af
montagetilstande for skrastagsbroer). Afdelingen for Bzren-
de Konstruktioner. Serie R, nr. 247, 1989, 72 s. Gratis.

*The report describes two methods to analyse the erection proce-
dures for cable~stayed bridges. Both methods allow a determina-
tion of the initial cable forces (induced during the initial ten-
sioning) so that a specified dead load condition is achieved in
the final system.

I rapporten beskrives to metoder til analyse af montagetilstanden
for skrastagsbroer. Med de angivne metoder vil det vare muligt at
bestemme de initielle opspzndingskrzfter i skrdstagene, sdledes
at der opnads en forudbestemt egenvagtstilstand i slutsystemet.

GOLTERMANN, P. and H. M@LIMANN: *Interactive buckling in thin-
walled beams - II. Applications. Int. J. Solids Structures,
Vol. 25, No. 7, 1989, pp. 729~-749.

13
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*Mode Interaction between local and global buckling modes is
studied for two types of thin-walled beam structures, using a
method of analysis presented in Part 1 of the author’s paper (see
M@LLMANN, H. and P. GOLTERMANN). This method involves a combina-
tion of the finite strip method and Koiter’s asymptotic theory of
stability. It appears that the interaction essentially involves
three modes. In both examples, substantial reductions of load-
carrying capacity due to mode interaction and imperfection sen-
sitivity (up to about 50%) are observed. Some of the 2nd order
fields and 4-index coefficients exhibit a marked dependence on
the value of the load factor at which they are evaluated. For
both structures, the load~carrying capacities have been deter-
mined for different values of the ratio between global and local
critical loads. When this ratio is greater than one (i.e. when
the local critical load is smallef than the global), the load-
carrying capacity will exceed the local critical load if the im-
perfections are sufficiently small. )

GOLTERMANN, P., se ogsd M@LIMANN, H. og P. GOLTERMANN.

KJEP, JPRGEN, se BYSKOV, ESBEN ETTE B EN og JORGEN KJ

KRENK, STEEN: *Three-Dimensional Elastic Beam Theory, Part 1 and
Part 2. (Tredimensional elastisk bjzlketeori, Del 1 og Del
.- 2). Afdelingen for Bzrende Konstruktioner. Serie F, nr. 114

og 115, 1989, 189 s. + 168 s. Kr. 160,- excl. moms.

*The aim of the text is to give a unified presentation of elastic
beam theory in which special effects such as shear flexibility,
warping and deformable cross sections are treated within the same
framework. The beam is considered as a three-dimensional contin-
uum, and beam theories are developed by considering various
stress and displacement distributions over the cross-section of
the beams.

14
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Bogens formal er at give en sammenhazngende fremstilling af teori-
en for elastiske bjzlker, i hvilken specielle effekter sasom for-
skydningsdeformationer, hvalvning og deformerbare tvarsnit be-
handles inden for samme referenceramme. Bjzlken betragtes som et
3-dimensionalt legeme, og bjzlketeorier udvikles ved at indfere

forskellige spandings- og flytningsfordelinger over bjzlketver-
snittene.

i ,

/ ,Loccl buckling
k max

Secondary
bifurcation

~,

gglobu! \

*Equilibrium paths.
Ligevzgtskurver.

Ref.: GOLTERMANN, P. og H. M@LIMANN: Interactive Buckling in
Thin-walled Beams - II. Applications. (s. 13).

LOCKWOOD, JAMES D., se GIMSING, N.J., JAMES D. LOCKWOOD og JAEHO
SONG

15



Videnskabelige publikationer Scientific papers etc.

M@LIMANN, H. and P. GOLTERMANN: *Interactive buckling in thin-
walled beams - I. Theory. Int. J. Solids Structures, Vol.
. 25, No. 7, 1989, pp. 715-728. ’ ’

*A method is derived for the analysis of mode interaction in

‘thin-walled elastic beams. A nonlinear plate theory is employed
for the plate segments of the beam, in which the exact nohlinear
expressions are used for the middle surface strain measures, but
the bending measures are linearized. The beam is subjected to a
combination of axial compression and a constant bending moment,
and it is assumed to be simply supported at the ends. In the cal-
culation of the total potential energy, the influence of the pre-
buckling deformations is ne@lected. The finite strip method is
used with the transverse variation of all three displacement com-
ponents described by cubic polynomials in the arc length. The
nonlinear mode interaction is analysed by means of Koiter’s
asymptotic theory of stability. Some applications of the method
to representative problems are presented in a subsequent paper by
the authors. This shows that significant mode interaction and im-
perfection sensitivity occur in these structures.

MOLIMANN, H., se ogsd GOLTERMANN, P. og H. M@LIMANN

NIELSEN, LEIF OTTO: Simplex Elementet. (*The Simplex Element. In
Danish). Afdelingen for Bzrende Konstruktioner. Serie R,
nr. 249. 40 s. Gratis.

Grundlaget fof og anvendelsen af et element, der er generelt mht.
dimension, nejagtighed og konstruktionstype, er beskrevet.

*The basis and the use of an element, which is generel in respect
to dimension, accuracy and structural type, is described.

ieé
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NIELSEN, LEIF OTTO: EDB-program til brudlinieberegning af plader.
(*Computer program for plates after the yield line method.
In Danish). Afdelingen for Barende Konstruktioner. Serie I,
nr. 94, 1989. 25 s. o

Der beskrives et edb-program til bestemmelse af en e@vrevardi for
en plades bazreevne efter brudliniemetoden.

*A computer program is described for determination of an upper
bound for the limit load of a plate after the yield line method.

Plade med forskellige brudfigurer.

*Slab with different yield patterns.

Ref.: NIELSEN, L.0.: EDB-program til brudlinieberegning af pla-
der. (s. 17).

17
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NIELSEN, M.P., se FEDDERSEN, BENT, M.P. NTELSEN og DAVID HOLKMANN

OLSEN

OLSEN, DAVID HOLKMANN, se FEDDERSEN, BENT, M.P. NIELSEN og DAVID
HOLKMANN OLSEN )

RESUMEOVERSIGT 1988: "Summaries of Papers 1988". Afdelingen for
Bzrende Konstruktioner. Serie R, nr. 246, 1989. 64 s. Gra-
tis.

Resumeer af 39 videnskabelige publikationer m.v., af 1 rapport
over rekvirerede underseggelser og af 8 eksamensarbejder.

*Summaries in Danish and English of 39 scientific papers etc., of
1 report on contract work, and of 8 final year projects.

RIBERHOLT, R.: Fingerskarrede rammehjerner i limtre. (*Finger
jointed frame corners. In Danish). Serie I, nr. 93, 1989.
16 s.

Der er i rapporten gennemgdet en razkke forsegsserier med finger-

.

skarrede rammehjgrner, hvor der i nasten alle forsogene var tryk-
spendinger i indersiden og trzkspandinger i ydersiden af ramme-
hjernet.

Med dette som baggrund er det eftervist, at man kan beregne de
kritiske normalspzndinger vha. Naviers formel og med anvendelse
af effektive tvarsnitskonstanter, der tager hensyn til, at der
ikke overfores spzndinger i fingerspidsen. Ud fra disse spzndin-
ger kan der endvidere beregnes en forskydningsspanding parallel
med fibrene.

Der er 1 forsegsserierne observeret folgende brudformer
afhzngigt af spzndingernes retnlng' o
Trykspandinger i indersiden og trakspandlnger i yder51den. ’
Trykbrud (stukning) i indersiden. ‘ ’

Trzkbrud i fingerskarringen.

18
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Forskydningsbrud i limtr=zet i trazksiden.
Trazkspandinger i indersiden og trykspandinger i ydersiden.
Tvartrzkbrud i tversnittets midte.
Der er opstillet og verificeret brudkriterier for disse tilfazlde,

og der er angivet vardier for de karakteristiske styrker.

*The report reviews some test series on large finger joints in
glulam frame corners. In almost all the tests there were compres-
sive stresses at the inside and tensile stresses at the outside
of the frame corner. .
With this as background, it has been shown that the critical
normal stresses can be calculated by means of Navier’s equation
and using effective cross sectional constants, which take into
account that stresses cannot be transferred at the butt finger-
tip.
From these stresses, a shear stress parallel to the grain can
be calculated. )
In the test series and depending on the stress direction, the
following failure types were observed:
Compression at the inside and tension at the outside.
Compression failure (wrinkles) at the inside.
Tension failure in the finger joint.
Shear failure in the glulam at the tension side.
Tension at the inside and compression at the outside.
Tension failure perpendicular to grain at the middle of
the cross section.
Failure criteria have been proposed and verified for these cases
and the values of the characteristic strengths have been quanti-
fied. '

ROBERTS, J.B.: *Averaging Methods in Random Vibration. (Analyse
af stokastiske vibrationer ved midlingsmetoder). Afdelingen
for Bzrende Konstruktioner. Serie R, nr. 245, 1989. 221 s.
Gratis. )

. *This text represents a series of lectures given by the author in
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August-September 1988 during -a visiting professorship at the
Technical University of Denmark, Department of Structural Engi-
neering. The subject is stochéstic averaging methods in random
vibration, a field initiated in the early sixties and through
subsequent refinements it has provided very powerful tools in
random vibration analysis. The main requirement of the method is
that the "memory" of the system considered is much larger than
the "memory" present in the random excitation. In terms of a lin-
ear oscillator this corresponds to a narrow band transfer func-
tion (i.e. small damping) compared to the excitation spectrum.
The subject is treated from the viewpoint of an engineer relying
on physical rather than mathematical arguments so. even readers
~ unfamiliar with random vibration analysis may find the text use-
ful.
Chapter one contains a brief introduction to random vibration
analysis giving examples of physical systems where nonlinearities
play a significant role. Some frequently used solution methods
are briefly discussed. In chapter two attention. is directed
towards the basic averaging method for single degree of freedom
systems with nonlinear damping and/or parametric excitation. In
chapter three the averaging method is extended to multi-degree of
freedom systems, non-stationary excitation and response and sy~
stems with non-linearities in the stiffness term. The first-pas-
sage problem is addressed in chapter four, discussing first-pas-
sage problems in general -and the different solution techniques
and closing with a more extensive treatment using the averaging
approximation. In chapter five two practical examples are stud-
ied. The first is roll motion of a ship in random waves where
damping and stiffness non-linearities and parametric effects are
presenf. Secondly hysteretic oscillators are treated and for both
examples the averaging method is shown to be very efficient.

References are listed at the end of each chapter and in addi-
tion to some of the most accepted basic references in random vi-
‘bration, a large number of references considering stochastic av-
eraging are provided. For a more detailed treatment of the topics
covered in this text, the author often refers to publications of
his own.
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Denne rapport er skrevet som supplerende materiale til en fore-
lezsningsserie prazsenteret af forfatteren i august-september 1988
under et ophold som gasteprofessor ved Danmarks Tekniske Hgjsko-
le, Afdelingen for Bzrende Konstruktioner. Emnet er metoder til
"stokastisk midling" inden for stokastisk dyndmik. Fremgangsmaden
blev foreslaet forst i 60’erne og er siden generaliseret og har
resulteret i meget effektive analysevarktojer inden for stoka-
stisk dynamik. Den vasentligste forudsaztning for metodens anven-
delighed er, at "hukommelsen" i det betragtede dynamiske systenm
er lzngere end "hukommelsen" i den stokastiske belastning. For en
simpel oscillator er dette ensbetydende med en smalbdndet fre-
kvensresponsfunktion (dvs. lille dzmpning) set i relation til be-
lastningsspektret. Forfatteren anvender en ingeniers synsvinkel,
hvor de fysiske argumenter vagtes heojere end de matematiske, sa
selvom laseren ikke har indgdende kendskab til stokastisk dyna-
mik, vil narvaerende tekst vise sig interessant, fbrstéelig og
nyttig.

I kapitel 1 gives en Kort introduktion til stokastisk dynamik
med eksempler pa aktuelle‘fysiéke systemer, hvor ulineariteter er
af betydning. I denne samménhzng gives en kort oversigt over de
mest anvendte analysemetoder. I kapitel 2 gives en grundig rede-
gerelse for "stokastisk midling" i sin simple oprindelige form,
hvor der betragtes et 1-frihedsgradssystem med ulinear dampning,
og/eller parametrisk belastning. I kapitel 3 udvides metoden til
fler-frihedsgrads systemer, ikkestationzrt respons og/eller be-
lastning samt systemer med ulinezr stivhed. Ferste-passage pro-
blemet behandles i kapitel 4, hvor der indledningsvis gives en
generel introduktion til emnet og de sadvanlige analysemetoder,
hvorefter anvendelsen af stokastisk midling gennemgas mere de-
tailleret. Afslutningsvis gives der i kapitel 5 to eksempler pa
praktiske problemer, hvor "stokastisk midling" er bragt i anven-
delse. Det fogrste drejer sig om krazngningsbevagelser af skibe i
sggang, hvor dampning og stivhed er ulinezre, og der endvidere
kan forekomme parametrisk belastning. Det sidste eksempel er
oscillatorer med hystereseeffekt i tilbageferingskraften enten i
form af bilinear hysterese eller en mere realistisk differentia-
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bel hysteresekarakteristik. I begge tilfzlde viser "stokastisk
mldllng" sig meget effektiv.

Referencerne er opglvet i slutnlngen af hvert kapitel, og for-
uden nogle vasentlige grundlazggende varker om stokastisk dynamik,
er der her listet en lang rzkke artikler specielt om stokastisk
midling. Seges en grundigere redeggrelse for resultaterne angivet
i denne rapport, henviser forfatteren ofte til egne publikatio-

ner.

SHAH, S.P., se STANG, HENRIK og S.P. SHAH

SONG, JAEHO, se GIMSING, N.J., JAMES D. LOCKWOOD og JAEHO SONG

STANG, HENRIK and S.P. SHAH: *Damage Evolution .in FRC materials
modelling and experimental observations. (Skadesudvikling i
FRC-materjialers modellering og eksperimentelle observatio-
ner). In: Fibre Reinforced,Cements and Concretes: Recent
Developments, ed. by R.N. Swamy and B. Barr. Elsevier Ap-
plied Science, London and New York, 1989, pp. 378-387.

*The paper represents an attempt to bridge the gap between theo-
retical modelling and experimental observations of microcrack
evolution in FRC materials as function of the loading history.
The experimental observations are collected from a series. of

experiments with polypropylene fibre reinforced cement paste,
loaded in uniaxial tension. The microcracks were observed using a
thin sectlonlng technlque combined with fluorescent epoxy impreg-
nation and fluorescence mlcroscopy. The data were collected using
digital image analysis.

 The theoretical modelling is based on a continuum damage mecha-
nics model, and the paper discusses the ability of such a model
to predict the mechanical response of the material along with the
damage,evolutiqn as function of the loading history.
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STANG, HENRTK, se ogsd BUCH, JASPER S.R. og HENRIK STANG

TONG-SHAN, JIN, TARS DAMKIIDE and CIAES DYRBYE: *Response of
Plane Elastic-Plastic Frames to Seismic Actions. Proc. 14.
European Regional Seminar on Earthquake Engineering,
Ossiach, Austria, 26.-30. September 1989, pp. 83-92.

*An analysis of elastic-plastic plane frames subjected to strong-
motion earthquake is carried out. Due to the non-linear behaviour
in the inelastic stage, a finite element method is developed
using beams as basic elements. A bilinear material model is used
to represent the force-deformation relationships.

The ground motion is characterized by the accelerations at
foundation level, and artificial earthquakes corresponding to a
modified Tajimaspectrum are used as input.

A time-history is based upon a step by step method using New-
mark’s method in numerical integration. Passing into the plastic
range the stiffness matrix will change, and it is updated at each
time step based upon the previous state of deformation.

The influence of normal forces upon the bending stiffness is
taken into account. Although the calculations are rather compli-
cated, it is possible to perform them in a microcomputer.

Some numerical examples are included.

TONG-SHAN, JIN, IARS DAMKILDE and CIAES DYRBYE: *Earthquake Re-
sistant Analysis of Plane Elasto-Plastic Frames. Proc.
International Conference on Highrise Buildings, Nanjing,
25.~27. March 1989, p. 253-257.

*Structural behaviour of frames subjected to seismic actions is
analysed, taking nonlinearities from elastic-plastic material
properties and from geometric terms (P-A effect) into account.

Numerical integration is performed in time, and the structural
stiffness matrix is updated at each time step.
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AARKROG, PETER: Apparatur til Udmattelsesforseg. (*Equipment for
Fatigue Testing. In Danish). Afdelingen for Bzrende Kon-
struktioner. Serie R, nr. 243, 1989. 36 s. Gratis.

Rapporten indeholder en oversigt over det udmattelsessudstyr, der
er opbygget ved ABK i forbindelse med projektet "Offshore stal-
konstruktioners udmattelsesstyrke". Der er opbygget et system be-
stdende af tre hydrauliske presser, hvor de to er placeret i fa-
ste opstillinger, mens den tredie er placeret i en midlertidig
opstilling. Et selvstzndigt pumpehus er opbygget med to stempel-
pumper til levering af det nedvendige olietryk til presserne. De
hydrauliske presser styres ved brug af et elektrisk servostyresy-
stem. Til generering af lastforlebet og styring af forsegene an-
vendes microcomputere. Disse maskiner benyttes ligeledes til da-
taopsamling fra strain gages samt til mdling af revneudviklingen
i prevelegemerne. Revneudviklingen detekteres med et revnema-
lingsudstyr baseret pa potential drop princippet.

*The report gives an overwiev of the fatigue test equipment de-
veloped on a project on fatigue of offshore structures at the De-
partment of Structural Engineering. The test system consists of
three servocontroled actuators, two of which are placed in perma-
nent frames and the third is placed in a temporary arrangement to
investigate fullscale tubular Jjoint specimens from offshore
structures. A separate house with two piston pumps is built to
deliver the hydraulic pressure for the actuators. A computer pro-
gram is made to generate the load history on the specimens. Micro
computers are used for controlling the fatigue test and also for
reading gage signals as well as detecting cracks on the speci-
mens.

AARKROG, PETER: Beskrivelse af Hydrauliske Anlzg. (*Description
of Hydraulic Equipment. In Danish). Afdelingen for Barende
Konstruktioner. Serie I, nr. 88, 1989. 21 s.

Rapporten giver en oversigt over opbygningen af det hydrauliske
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anleg, der er opbygget pa ABK i forbindelse med projektet "Off-
shore stalkonstruktioners udmattelsesstyrke". Udover opbygningen
gives en vejledning i brug af udstyret. i

*The report is a description of and a user’s guide to the hydrau-
lic equipment for the fatigue test system developed on a project
on fatigue of offshore structures at the Department of Structural
Engineering.

AARKROG, PETER: Udmattelsesopstillinger. Beskrivelse af prmvema?
skiner. (*Fatigue Testing Equipment. A Description of the
Actuators. In Danish). Afdelingen for Barende Konstruktio-
ner. Serie I, nr. 89, 1989. 13 s.

Rapporten giver tekniske specifikationer pad tre opstillinger til
udmattelsesprevning, der er opbygget pad ABK i forbindelse med
projektet "Offshore stdlkonstruktioners udmattelsesstyrke". Der
er tale om to faste opstillinger med ydeevne pa hhv. 100 kN og
500 kN, samt en midlertidig opstilling med en kapacitet pa 160
kN.

*Technical data on three actuators for fatigue testing is given.
The system has been made for a project on fatigue of offshore
structures at the Department of Structural Engineering. The sys-
tem consists of two permanent test frames with capacities of 100
kKN and 500 kN, respectively, and a temporary test frame with a
capacity of 160 kN.

AARKROG, PETER: Vejledning i Kalibrering og Brug af Instron Ser-
vostyring til Udmattelsesopstillinger. (*User Guide to In-
stron Servocontrole System for Fatigue Testing Equipment.
In Danish). Afdelingen for Bazrende Konstruktioner. Serie I,
nr. 92, 1989. 53 s.

‘Rapporten omhandler de servostyresystemer, der er udviklet til
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brug pa tre udmattelsesopstillinger opbygget pa& ABK i forbindelse
med projektet "Offshore stalkonstruktioners  udmattelsesstyrke".
Der gives en kort gennemgang af servostyreprincippet samt vejled-
ning i, hvorledes servocontroller og pre¢vemaskiner forbindes og
justeres og endelig en trin for trin brugervejledning til benyt-
telse ved afvikling af forseg.

*The report is a manual to the setup and calibration of the ser-
vocontrol system controlling a fatigue testing system developed
on a project on fatigue of offshore structures at the Department
of Structural Engineering. The principle of servocontrol is
briefly described and a step-by-step user guide to the servocon-
trolled fatigue testing system is given. '
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REKVIREREDE UNDERSGGELSER

*Reports on contract work

Rapporten over en rekvireret undersegelse er principielt rekvi-
rentens ejendom, men dels kan der altid gives rent orienterende
oplysninger om, hvad Afdelingen kan udfgre af malinger pa det pa-
geldende felt ved henvendelse til den person, der er angivet un-
der sagen, og dels er det muligt i visse sager at udleveré en fo-
tokopi af rapporterne, dersom rekvirenten har givet sin tilladel-
se hertil.

*A report on contract work is, in principle, the property of the
client, but information on the types of measurement undertaken by
the Department in the field in question can always be obtained by
application to the person named under the project, and for cer-
tain projects, a photocopy of the reports can be supplied pro-
vided the client has given his consent to this.
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Forsgg med alkalikiselskadede konstruktionselementer. (*Load car-

rying capacity of structural elements subjected to alka-
li-silica reactions). ABK, serie S nr. 8427. Rapport 1 (250
sS.). Rapport 2 (40 s.). Rapport 3 (40 s.).

Der er i perioden 1984 - 1989 gennemfprt en serie forskydnings-
og forankringsforsg¢g med alkalikiselskadede ca. 4 m lange model-
bjzlker af armeret beton. Desuden en razkke forankringsforseg med
mindre prismer og gennemlokningsforseg med et antal armerede mo-
delplader. ,
Forsggselementerne har varet udsat for accelereret nedbrydning
ved nedsaznkning i fra 10 - 240 uger i en mattet Na Cl oplegsning

ved 50%.

Forsggsresultaterne med konstruktionselementerne viste ingen
reduktion i forskydnings- og gennemlokningsstyrke pa trods af e-
lementernes hedbrydning, mens forankringsstyrken viste et mindre
fald. .

Rekvirent: Vejdirektoratet, John Bjerrum.
Yderligere oplysninger: Jorgen Bjernbak-Hansen og Mogens Peter
Nielsen, ABK.

*In the years 1984 to 1989, a series of shear tests and anchorage
tests with model beams has been carried out. The beams had a
length of appr. 4 m and consisted of reinforced concrete subject-
ed to alkali-silica reactions (ASR). Further, a series of pull-
out-tests with smaller specimens and a number of punching tests
on model slabs of ASR-concrete have been carried out.

All the specimens were stored in a saturated Na Cl solution at

50°C before testing in order to achieve an accelerated deteriora-
tion.

The test results showed no reduction in either shear strength
or punching strength in spite of the high ASR-damage degrees.
However, the anchorage strength was clearly reduced by the ASR-
damage.

Client: Danish Road Directorate, John Bjerrum.
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Further information: Jergen Bjernbak-Hansen and Mogens Peter
Nielsen, ABK. ) ’

'Forsagsopstilling til gennemlokningsforseg med alkalikiselskadede -
betonplader. . . ‘ )

*Test arrangement for punching tests on slabs of concrete damaged

by Alkali-Silica-Reactions.

Ref.: Afdelingen for Bazrende Konstruktioner, Sagsrapport, Serie S
nr. 8427.3. (s. 28).

Fuldskala forse¢g med dybelforbindelse i projekt til kompositbro
over Storebazlts Vesterrende. (*Full Scale Test of a Stud
Connection in a Scheme for a Composite Bridge across the
West Channel of the Great Belt). ABK, Serie S.nr. 8824,
1990.
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Som led i udbudsprojekteringen.af broen.over Storebzlts Vester-
- rende er der i 1988/89 gennemfgrt et fuldskala forseg med en for-
skydnings- og bgjningspavirket dybelforbindelse som forudsat an-
vendt i en kompositbro.

I projektet til en‘kompositbro var det foreslaet, at broen
skulle udferes i to etager: med jernbanesporene placeret pa et
nedre ‘staldek og vejbanen pd' et ere betondak. Mellem de to dzk
skulle ‘anordnes lodrette gitterdrageré.-

Forseget ‘havde til ‘formdl at belyse forholdene i dybelsamlingen
mellem ‘gitterdragerens overflange og betonpladen. Denne samling
var -ifglge projektet forudsat udfert med to typer dybler, idet
der over det kasseformede overflangeprofils stépladef var: place-
ret sazrligt lange dybler til overfgrsel af tvarmomenter, mens .gv-
rige dybler pa profilets vandrette flig var af normal lzngde.

. Forsegsemnet, der vejede nasten 10 tons, bestod af et udsnit af
brobanepladen med en speciel konsol til understegtning pa proeve-
salsgulvet og af en ca. 1,4 m lang del af overflangeprofilet.

“Af hensyn til kraftpdferslen, som kravede en vasentlig sterre
forskydningspavirkning end bojningspévirkning, blev forseget gen-
nemfort med kontaktfladen stal-beton beliggende lodret (dvs. dre-

jet 20° i forhold.til den virkelige position). Momentpavirkningen
blev ‘fremkaldt af ‘en presse, der virkede vandret ‘mellem to
kragarme pd henholdsvis stdl- og betonemnet.

Dybelforbindelsen indeholdt ialt 24 dybler, hvoraf 8 lange og
16 korte. I et .udvalgt antal:-dybler var indlimet strain gages i
udborede huller for at méle langde~ og forskydningstejninger.
Herudover bestod  instrumenteringen af en rakke flytningsmilere
til bestemmelse af de gensidige flytninger mellem beton- og stdl-
del.

Forsgget blev gennemfert i flere tempi, idet der -indledningsvis
udfgrtes mdlinger svarende til forskellige forhold mellem for-
skydnings- og be¢jningspavirkning. Afslutningsvis blev forsegsem-
net belastet til brud gennem en kontinuerlig foregelse af olie-
trykket i de forskydningskraftfremkaldende presser, hvis totale
kapacitet var 5000 KkN. Bruddet, der var karakteriseret ved en
overklipning af aile dybler, indtradte ved en kraft pa 3450 kN.

Den endelige rapport vil udkomme i efterdret 1990.
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Rekvirent: A/S Storebzltsforbindelsen. Radgivende ingeniorer:
CCL Joint Venture. ' : ' ' :
Yderligere oplysninger: Niels J. Gimsing, ABK.

*A full-scale test on a stud connection subjected to shear and
bending has been carried out in 1988/89 in connection with the
design for a proposed composite bridge across the West Channel of
the Great Belt. :

The composite bridge scheme involves a two-storey bridge with
the railway tracks placed on a lower steel deck and the roadway
on an upper concrete deck. The two decks are connected by steel
trusses in vertical planes.

The purpose of the test was to investigate the stud connection
between the upper flange of the truss and the conc¢rete slab. The
design of the connection involved two types of studs: In order to
resist the transverse moments, extra long studs were used over
the vertical webs of the box-shaped upper flange of the truss,
whereas the remaining_studs on the horizontal flange of the box
were of normal length. )

The test specimen had a weight of nearly 10 tons and consisted
of a section of the concrete deck fitted with a special support
bracket, and a 1.4 m iong unit of the box-shaped upper flange.

Since the required shear load was much larger than the bending
load, it was convenient to do the test with the interface between
steel and concrete placed in a vertical plane (i.e. with the

specimen rotated 920° relative to its position in the actual
struéture). The moment load was applied by means of hydraulic
jacks acting horizontally between two cantiléver arms connected
to the steel and concrete parts of the specimen.
The connection comprised 24 studs, némely 8 of the long type
"and 16 of the short type. In order to measure elongations and
shear strains in the studs, strain gages were glued on to select-
ed studs in bored holes. Ih addition, a number of displacement
gages were installed in order to measure the relative movements
between concrete and steel. )

The test was carried out in several stages. Initially, measure-
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ments were made for. different ratios between the shear and bend-
ing loads. Finally, the specimen was loaded to .destruction by
continuously increasing the o0il pressure in the hydraulic jacks
which controlled the shear load (the total capacity of which were
5000 kN). Failure took place.at a load of 3450.kN and was charac-
terized by .shear.failures in all the studs.

The final. report will appear in the autumn of 1990. )

Client: A/S Storebaltsforbindelsen. Consulting Engineers: CCL
Joint. Venture.

. Further information: Niels J. Gimsing, ABK.

Forsggsemne.
*Test specimen.
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Forsegsopstilling til fuldskala forseg med dybelforbindelse.
*Test arrangement for full scale test of a stud connection.

Ref Afdelingen for Bzrende Konstruktioner, Sagsrapport, Serie S
nr. 8824, 1990 (s. 29).
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3. ERSAMENSPROJERTER

*Final year projects

Da disse afhandlinger kun findes i et enkelt eksemplar, md et
nzrmere studium af dem foregd pad Afdelingens bibliotek efter for-
udgaende aftale. Fotokopier af hele afhandlinger eller dele heraf
kan leveres til en pris af kr. 1,00 pr. side.

Yderligere oplysninger om afhandlingernes indhold fas ved hen-
vendelse til den under resumeet angivne larer.

Anmodning om kopiering kan ske telefonisk pa t1lf. 42 88 35 11.

*As there is normaily only one copy of each of these theses,
anyone wishing to study them in detail must do so at the Depart-
ment’s library according to a previous arrangement. Photocopies
of entire theses or parts thereof can, however, be supplied at a
price of D.kr. 1.00 per page. Orders for copies must be accompa-
nied by a cheque for the amount in question.

Further information on the content of the theses can be ob-
tained by application to the project leader indicated under the
summary.
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ANDERSEN, HENRIK: Dazmpningsmodeller for konstruktionssvingninger
(*Damping models for structural vibrations. In banish). Ek-
samensprojekt, Afdelingen for Bzrende Konstruktioner, 1989,
157 s. Fotokopi, kr. 157,-.

I projektet er foretaget en analyse af svingninger i et kabel i
samvirken med en konstruktion under hensyntagen til geometriske
ikke-lineariteter og viskos dempning eller konstitutivt modelle-
ret dzmpning af hysteresemzssig art. En analytisk model er opbyg-
get, og der er opndet rimelig overensstemmelse med den numeriske
simulering.

Lerer: Leif Otto Nielsen.

*An analysis of vibrations in a cable interacting with a struc-
ture is performed. Nonlinear geometric effects in the cable are
included. The damping is viscous or constitutively modelled. An
analytical model is built up and reasonable agreement with the
numerical simulation is obtained.

Project leader: Leif Otto Nielsen,

BARLAC! CHRISTIAN, se JENSEN, RALPH BO BJ@RNDAL og CHRISTIAN
BARLACH

BRINCH, MIC 1: Pylonsvingninger pa Storebaltsbroen. (*Vibra-
tions of tower for the Great Belt Bridge). Eksamensprojekt,
Afdelingen for Bzrende Konstruktioner, 1989, 192 s. Fotoko-
pi, kr. 192,-. ’

Projektet omhandler dynamiske fznomener for pylonerne ved den
kommende Storebzltsbro. Der underseges egensvingninger, svingnin-
ger og udbgjninger fordrsaget af vindpavirkning samt svingninger
og flytninger forarsaget af skibssted. Bade skrastags- og hange-
broens pyloner underse¢ges, dog lagges der sterst vegt pd underse-
gelsen af skrastagsbroens pyloner.

Lzrere: Claés Dyrbye og Niels J. Gimsing.
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*The subject of the project is dynamical phenomena for the towers
of the planned bridge across the Great Belt. Free vibrations, re-
sponse to wind loading and vibrations and deflections due to im-
pact by ships are investigated. The main emphasis has been on the
investigation of towers for a cable stayed bridge, however, also
towers for a suspension bridge have been examined.

Project leaders: Claés Dyrbye and Niels J. Gimsing.

DAHILGREN, THOMAS og HENRTK LYNGKJZR: Rerknudesamlinger i off-
shore-konstruktioner. (*Tubular joints in offshore struc-
tures. In Danish). Eksamensprojekt, Afdelingen for Bazrende
Konstruktioner, 1989, 138 s. + ca. 100 s. bilag. Fotokopi, "
kr. 238,-.

I projektet er undersggt metoder til bestemmelse af bareevnen,
spandingsfordelingen samt deformationsegenskaberne for rerknude-
samlinger, med specielt sigte pd offshorekonstruktioner.

For en typisk r¢rknudesamling er ved hjzlp af elementmetodepro-
grammet PAFEC bestemt spandingsfordeling og deformationsegenska-
ber. De herved opndede resultater er sammenlignet med resultater-
ne af fuldskalaforsgg i Afdelingens provesal.

Pa grundlag af savel elementmetodeberegningen som forsegsresul-
taterne er bestemt samlingens moment-rotations relation, hot spot
spendingerne og spazndingskoncentrationsfaktorerne.

Lerere: Henning Agerskov og Lars Damkilde.

*The project deals with methods to determine the carrying capaci-
ty, the stress distribution, and the deformation characteristics
of tubular joints, with a special view to offshore structures. -

‘For a typical tubular joint, the FEM program PAFEC is used to
determine the stress distribution and the deformation character-
istics. The results obtained are compared with the results of
full-scale tests in the laboratory of the Department of Structur-
al Engineering
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on the basis of both FEM calculations and test results, the mo-

ment-rotation relationship of the connection, the hot spot stres-

ses, and the stress concentration factors have been determined.
Project leaders: Henning Agerskov and Lars Damkilde.

HARNUNG, CASPER: Geometrisk og Materialemzssig Ulinezr Beskri-
velse af Bjzlkekonstruktioner. (*Geometrical and Constitu-
tive Nonlinear Analysis of Beam Structures. In Danish). Ek-
samensprojekt, Afdelingen for Bazrende Konstruktioner, 1989,
108 s. + 242 s. programudskrifter (*program listings). Fo-
tokopi, kr. 350,-.

Elementmetodeanalyser af geometrisk moderat ulinezre konstruktio-
ner er ofte fejlbehzftede pa grund af ’‘Membrane ‘Locking’. I for-
skydningsslappe konstruktionselementer optrzder szdvanligvis y-
derligere ’‘Shear Locking’. Begge fznomener ytrer sig i, at der i
tejningsmélene optrzder led, der er beskrevet ved polynomier af
forskellig grad, hvilket medfegrer interne inkompatibiliteter. I
projektet er Byskov’s "Fully Modified Finite Element Method" im-
plementeret i et edb-program til analyse af rammer med sdvel geo-
metriske som materialem®ssige ulineariteter. Programmet har pri-
mert veret benyttet pa trzrammer, hvor metoden er fundet at virke
serdeles godt. I projektet er udviklet en ny udgave af den sa-
kaldte ’‘Arc Length Othogonality Method’. Metoden benyttes til im-
perfektionsstudier, som involverer sazrligt stazrke ulineariteter.
.Lerer: Esben Byskov.

*Geometrically and constitutive nonlinear Finite Element analyses
of structures are often encumbered by numerical errors caused by
‘Membrane Locking’. If the structure is shear flexible, then ad-
ditional ’‘Shear Locking’ usually occurs. Both phenomena stem from
the fact that the strains are approximated by contributions from
polynomials of different degrees resulting in internal incompati-
bilities. In the thesis Byskov’s ‘Fully Modified Finite Element
Method’ is implemented in a Finite Element program that handles

frames with material as well as geometric nonlinearities. The
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program has been utilized to analyse frames made of timber and
the method has proved to work very well. In the thesis a new ver-
sion of the ’Arc Length Othogonality Method’ is developed and em—
ployed in imperfection sensitivity studies that entail severe
nonlinearities.

Project leader: Esben Byskov.

HQYER, OLE: EDB-orienterede brudstadieberegninger. (*Computer
Aided Rupture Analysis. In Danish). Eksamensprojekt, Afde-
lingen for Bzrende Konstruktioner, 1989. 139 s. + 220 s.
bilagsrapporter. Fotokopi, kr. 359,-.

I rapporten beskrives grundlaget for en elementformulering af
brudstadieberegninger baseret pa nedrevardimetoden. Brudbetingel~-
serne lineariseres, og problemet reduceres hermed til et linezrt
‘' programmeringsproblem "(LP). Der er udviklet et edb-program til
enten last- eller materialeoptimering af plane rammer eller pla-
der. i

Der er udviklet en specialiseret LP-lgser, der tager hensyn til
problemets sarlige karakteristika, og LP-lgserens effektivitet
har muliggjort en implementering pa PC. Pladeresultaterne viser
forbedringer i forhold til tidligere arbejder.

Lerer: Lars Damkilde. )

*In the report a finite element formulation for rupture analysis
based on lower-bound solutions is formulated. The yield surface
is linearized, and the problem reduces to a linear programming
problem (LP). A computer program is déeveloped, which can optimize
either the load or the material for plane frames or plates.

A specialized LP-solver is developed, and its effectiveness al-
lows an implementation on a PC. The results for plates show im-
provements compared to earlier works. )

Project leader: Lars Damkilde.
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JENSEN, RALPH BO BI@RNDAL og CHRISTIAN BARIACH: Rammer med flek-
sible knudesamlinger. (*Analysis of Frames with flexible
Joints. In Danish). Eksamensprojekt, Afdelingen for Bazrende
Konstruktioner, 1989, 171 s. + 5 bilagsrapporter vedr. FOR-
TRAN-program, 288 s. + bilagsrapport vedr. PAFEC-beregnin-
ger, 114 s. + subroutinelistning. Fotokopi, kr. 578,-.

I rapporten udledes de geometrisk og materialemzssige ikke-line-
®re elementmetodeligninger for plane rammer, idet der tages hen-
syn til ikke-lineare rotationsfleksibiliteter i samlingerne. Der
benyttes en iterativ lesningsprocedure, residuallastmetoden, hvor
lasten pasattes i inkrementer.

Endvidere opstilles det materialemzssige ikke-lineazre stabili-
tetsproblem, der ligeledes lgses iterativt, idet egenvardiproble-
met lineariseres i de enkelte inkrementer.

Den teoretiske beskrivelse danner grundlag for det udviklede
elenentmetodeprogram, RAMFLEX.

Moment-rotation~-relationen for samlingerne, der gives som en
del af inddata til programmet, er bestemt for en typisk svejst
samling ved hjzlp af elementmetodeprogrammet PAFEC. Der er fore-
taget bade linezre og ikke-lineazre analyser med savel 2D- som 3D-
elementmodeller (skalelementer). M - @-relationen vurderes gene-
relt at kunne bestemmes med en usikkerhed pa 10-20% ved FEM-be-
regninger.

Det udviklede elementmetodeprogram, der kan benyttes pa PC,
blev benyttet til et parameterstudium, idet fleksibiliteternes
indflydelse blev undersegt. Det blev fundet, at fleksibiliteterne
i brugstilstanden kun havde lille betydning. Generelt md det dog
konkluderes, at deformationerne g¢ges og bzreevnen nedszttes med
wget fleksibilitet i samlingerne.

I et efterfeslgende eksamensprojekt, udfegrt af Niels T. Peter-
sen, blev elementmetodeprogrammet videreudviklet til at kunne be-
handle rumlige rammekonstruktioner og beregne egenfrekvenser un-
der hensyntagen til rotationsfleksibiliteter.

Lzrere: Lars Damkilde og Henning Agerskov.
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*The report derives the geometric and material non-linear finite
element equations for plane frames, taking into account the non-
linear rotational flexibilities of the connections. The Residual
Load Method is employed in solving the iterative equations.

Further, the material non-linear Stability Problem is present-
ed. Again an iterative solving procedure is used, and the linear-
ized eigenvalue problem is solved for load increments. The theory
gives the basis for implementation of the finite element program,
RAMFLEX. .

The Moment-Rotation-relation, used as input by the program, is
determined for a typical welded connection by use of the finite
element program PAFEC. Both linear and nonlinear analysis is car-
ried out with both 2D- and 3D-element models (shell elements).
The M - @-relation is estimated within an accuracy of 10-20% by
FEM- calculations. g

The developed program, which can run on most PC’s, was used in
a parameter study, in which the influence of flexibilities was
investigated. It was found that the flexibilities in the elastic
stage only had small importance. In general, however, it must be
concluded that the deflections increase and the carrying capacity
decreases with increased flexibility of the connections. ‘

In a following project, carried out by Niels T. Petersen, the
finite element program was developed further to treat spatial
frames and to calculate eigenfrequencies.

Project leaders: Lars Damkilde and Henning Agerskov.

JENSEN, WILI: Stabilitetsundersegelse af dbne tyndvaggede tvar-
snit. (*Stability of open thin-walled sections, in Danish).
Eksamensprojekt, Afdelingen for Bzrende Konstruktioner,
1989, 75 s. + 23 s. bilag. Fotokopi, kr. 98,-.

Pa Statens Byggeforskningsinstitut er der udviklet et spar -opbyg-

get af tyndpladeelementer, hvor de enkelte dele er samlet med en
s#rlig boltesamling.
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1 rapporten er der foretaget en eksperimentel og teoretisk
underseogelse af enkeltelementer. Der er lagt serlig vagt pa en
underspgelse af de sarlige forhold omkring boltesamlingen. Der er
en god overensstemmelse mellem de teoretiske og eksperimentelle
resultater.

Lerer: Lars Damkilde og Steen Krenk.

*The Danish Building Research Institute has developed a rafter
system constructed of thin-walled members connected with a pa-
tented bolt. The report describes both an experimental and theo-
"retical investigation of a single member element. Special empha-
sis is put on the characteristic features of the bolted connec-
tions. There is found a good agreement between theory and experi-
ments.
Project leaders: Lars Damkilde and Steen Krenk.

KALVSLUND, JIMMY: Analyse af skrastagsbro under montage. (*Analy-
‘sis of cable stayed bridge under erection). Eksamenspro-
jekt, Afdelingen for Barende Konstruktioner, 1989, 190 s. +
65 s. bilag. Fotokopi, kr. 255 kr.-.

For projektet til en skrastagsbro med et 780 m langt hovedspand
over Storebzlts @sterrende er dgennemfegrt en statisk og dynamisk
analyse af montagetilstanden.

Lzrer: N.J. Gimsing.

*For a design of a cable stayed bridge with a 780 m long main
span, a number of statical and dynamical analyses are carried
out. )

Project leader: Niels J. Gimsing.

LYNGKJZR, HENRIK, se DAHLGREN, THOMAS og HENRIK LYNGKJAR

41



Eksamensprojekter Final year projects

PEDERSEN, HENRIK HVIID og FINN BUUS STEFFENSEN: Store trazkupler.
(*Large timber domes. In Danish). Eksamensprojekt, Afdelin-
gen for Bazrende Konstruktioner, 1990. 95 s. + 280 s. app.
Fotokopi, kr. 375,-. ) )

Der er foretaget en undersggelse af, hvilke udformninger af den
bzrende hovedkonstruktion, der er hensigtsmesssige for overdzk-
ning af cirkulazre grundplaner. Det viste sig, at 3 cirkelsyste-

mer, drejet 60° i forhold til hinanden, er velegnede, bade med
hensyn til geometri og statik.

Der er udviklet et programkompleks med PAFEC som analysepro-
gram, der pd basis af f& data kan benyttes til dimensionering af
bade de buede limtrzemner og forbindelserne med indlimede bolte
og betonudstegbte hulrum. Geometriske ikke-lineariteter, dvs. sta-
bilitetsfaznomener, blev tilnarmet taget i regning p& basis af
kuplernes kritiske last.

Lazrer: Hilmer Riberholt.

*An investigation of the design of the main structure has been
carried out for timber domes over a circular plan. It turned out

that 3 circle systems rotated 60° relative to each other are
suitable both for the geometry and the statics.

A complex of computer programs has been developed with PAFEC as
the static analysis program, which on the basis of a few data can
be utilized for the design of both the curved glulam members and
the connections with glued-in bolts and the cavities filled with
concrete. Geometric non-linearity, i.e. stability phenomena, was
considered approximately on the basis of the critical load of the
dome. - .

Project leader: Hilmer Riberholt.
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Udbejning af kuppel ved stabilitetssvigt.
*Displacement pattern of dome at stability failure.

PEDERSEN, HENRIK HVIID og FINN BUUS STEPHENSEN: Store trazkupler
(s. 42). -

PEDERSEN, NIELS THOUGARD: Offshorekonstruktioner med fleksible
knudepunkter. (*Offhore structures with Flexible Joints. In
Danish). Eksamensprojekt, Afdelingen for Bzrende Konstruk-
tioner, 1989. 114 s. + 232 s. bilagsrapporter. Fotokopi,

- kr. 346,-.

Der er udviklet et elementmetodeprogram til linear statisk, sta-
bilitets- og dynamisk analyse af rumlige rammekonstruktioner med
fleksible knuder. P4 en forenklet model af en fast offshoreplat~
form er de fleksible knuders betydning for snitkraftfordeling,
egenfrekvenser og udmattelseslevetid af de svejste rorknudesam-
. linger underseggt. :
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Hovedresultater:

Der blev fundet en entydig tendens til reduktion af de bgjende
momenter i afstivningsrerene ved reorknuderne ved indferelse af
fleksible knuder. bette resulterer i en vasentlig foregelse af
rerknudesamlingernes udmattelseslevetid. Der blev ikke fundet no-
gen markant andring af egenfrekvenserne. ‘

Lerere: Lars Damkilde og Henning Agerskov.

*A FEM program for linear static, stability- and'dynamic analysis
of three-dimensional frames with flexible joints has been devel-
oped. A simple model of a fixed offshore platform is used to ex-
amine the effects from flexible joints on: Normalforce- and mo-
mentdistribution, eigenfrequencies and fatigue 1life of welded
tubular joints.

Main results:

By introducing flexible joints, a clear reduction of the ben-
ding moments in the branches at the joints was found. This leads
to extensive improvements in the fatigue life of the tubular
joints. No significant change was found in the eigenfrequencies.

Project leaders: Lars Damkilde and Henning Agerskov.

PETERSE TER: Stabilitet af rammer af tyndpladeprofiler.
(*Stability of frames of thin-walled beams. In Danish). Ek-
samensprojekt, Afdelingen for Bzrende Konstruktioner, 1989,
50. s. + 146 s. programdokumentation.til. FORTRAN-program.
Fotokopi, kr. 196,-. )

Rapporten omhandler en elementmetodeformulering for beregning af
snitkrafter og den elastiske stabilitetslast af plane rammer op-
bygget af tyndpladeprofiler, hvor der tages hensyn til samlinger-
nes indflydelse pa konstruktionens virkemade.

. Idet der tages hensyn til hvelvning benyttes den fra Vlasov
bjzlketeori kendte linezrt elastiske elementstivhedsmatrix. Netop
hvelvning ge¢r, at overgangsbetingelserne ved samlingerne bliver
samlingsspecifikke, og de skal derfor undersgges i hvert enkelt
tilfalde. I rapporten er gjort rede for 2 almindeligt forekommen-
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de typer svejste samlinger. Det udledte stabilitetsproblem, der
behandles rumligt, optrazder som et linezrt egenvardiproblem.

Det opbyggede elementmetodeprogram kan beregne stabilitetslast
for rammer af tyndpladeprofiler (herunder IPE-profiler) pavirket
med knudelast. Rammen kan fastholdes excentrisk, f.eks. langs o-
verflangen pd& et IPE~profil, hvilket ofte er tilfzldet i halkon-
struktioner.

I fortszttelse af projektet, med midler fra STVF, foretages en
del rettelser og udvidelser, der beskrives i en kommende rapport.

Lezrere: Lars Damkilde og Steen Krenk.

*The report contains a finite element formulation for calculation
of internal forces and elastic stability of frames of thin-walled
beams with the influence from joint connections taken into ac-
count.

Regarding warping the formulation is based on the linearized
theory of thin-walled beams given by Vlasov. Because of warping
the corner conditions are specific to the assemblage and there-
fore have to be investigated in each case. The corner conditions
for two common types of welded assemblages have been treated in
the report. The derived spatial stability problem is solved as a
linear eigenvalue-problem.

The finite element program calculates the stability load of
frames of thin-walled beams loaded with concentrated forces. The
frame can be eccentrically supported, e.g. at the upper flange of
an I-profile.

With financial support from STVF the project is continued and
will be described in an additional report.

Project leaders: Lars Damkilde and Steen Krenk.

STEFFENSEN, FINN BUUS, se PEDERSEN, HENRIK HVIID og FINN BUUS
STEFFENSEN ’ )

THOMSEN, STEEN: Cyklisk symmetri og Newton-Lanczos iterationsme-
toden. (*Cyclical symmetry and Newton-Lanczos iteration. In
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- Danish). Eksamensprojekt, Afdelingen for Bzrende Konstruk-
tioner, 1989. 10l1.s + 131 s. + 96s. Fotokopi, kr. 328,-

Der er udviklet et program til iterativ beregning vha. Newton-
. Raphson metoden af elastiske konstruktioner med cyklisk symmetri
i en vis udgangstilstand og underkastet endelige flytninger. For
hvert trin i iterationen bestemmes losningen til de tilsvarende
lineariserede ligninger vha. Lanczos metoden, idet ligningerne
przkonditioneres med stivhedsmatricen herende til den cyklisk
symmetriske udgangstilstand. Sidstnavnte matrix dekomponeres let
ved Fourierudvikling i ringretningen (fast Fourier transform).
Lazrer: Hugo Mgllmann.

*A computer program has been developed for iterative analysis by
the Newton-Raphson method of elastic structures which are cycli-
cally symmetric in a certain initial state and subjected to fi-
nite displacements. In each step of the iteration, the solution
of the linearized equations is determined by the Lanczos method,
using preconditioning by means of the. stiffness matrix of the
cyclically symmetric initial state. The decomposition of the lat-
ter matrix is easily accomplished by discrete Fourier transforma-
tion in the circumferential direction using fast Fourier trans-
forms. }
Project leader: Hugo Mgllmann.

TONNESEN, MICHAFEI: Skadesmodeller for beton. (*Damage Models for
Concrete. In Danish). Eksamensprojekt. Afdelingen for Bz-
rende Konstruktioner, 1989, 97 é., 2 bilagsrapporter 58 s.
+ 45 s. programdokumentation. Fotokopi, kr. 200,-.

Konstitutive modeller for beton er ofte udviklet uden hensyntagen
til de mikromekaniske processer, som iagttages i et kontinuum af
beton udsat for belastning. Der kan tages hensyn til de mikrome-
kaniske processer ved at benytte skadesmekanik til udvikling af
konstitutive modeller, som i denne forbindelse betegnes som ska-
desmodeller. I projektet beskrives skadesmekanik til udvikling af

46



‘Eksamensprojekter Final year projects

tids- og temperaturuafhzngige skédesmodeller. Et edb-program er
implementeret til udvikling af skadesmodeller for beton med en
skade af ‘penny-shaped cracks’. Skadesmodellerne giver ‘pre-fail-
ure’-, den forste del af ’‘post-failure’-responset og skadesudvik-
lingen for en vilkdrlig belastningshistorie i spandinger. Resul-
tater for enaksede spandingshistorier viser, at forholdet mellem
trazk-~ og trykstyrken for beton kan beskrives, og udviklingen af
mikrorevner i enakset trzk og tryk er i overensstemmelse med eks-
perimentelle resultater, men deformationerne i trzk er for store.
En af skadesmodellerne er implementeret i et elementmetodepro-
gram, hvor resultaterne viser, at grundlaget for implementering
af skadesmodeller er konsistent.
Lzrere: Henrik Stang og Esben Byskov.

*Constitutive models for concrete are often developed without any
relation to the underlying physical mechanisms which can be ob-
served in a mechanically loaded concrete continuum. The physical
mechanisms can be taken into account when constitutive models are
developed within the framework of Continuum Damage Mechanic. Such
constitutive models are called damage models. Basic elements of
CDM-theory for developing damage models which are time and tempe-~
rature independent are described in general in the thesis. A com-
puter program is implemented in the thesis in order to derive da-
mage models for concrete containing damages of penny-shaped mi-
crocracks. The damage models predict the response. of the pre-
failure, the first part of the post-failure and the damage evolu-
tion of concrete under multiaxial and nonproportional . loading
history in stresses. Results for uniaxial states of stresses show
that the difference in tensile and compressive strength for con-
crete is described and the development of microcracks in uniaxial
tension and compression are in accordance with experimental. re-
sults, however, the deformations in tension are too-large. One of
the damage models is implemented in a Finite Element program,
where the results show that the basis for implementing of damage
models is consistent.

- Project leaders: Henrik Stang and Esben Byskov.
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GIMSING, N.J.: Cable—Stayed Bridges with Ultra Long Spans. 1988.
NIELSEN, LEIF OTTO: En Reissner—Mindlin Plade Element Familie.
1989.
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