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1. VIDENSKABELIGE PUBLIKATIONER M.V.

e Scientific papers etc.

Publikationer, der ikke er merket med [*] eller med pris, er
gratis.

Publikationer, som er market med [*], kan ikke erhverves
gennem Afdelingen for Barende Konstruktioner. Der henvises til
den anfgrte institution eller udgiver.

Publikationer med pris angivet vil blive faktureret til be-
stilleren.

Der er indfgrt en abonnementsordning for Afdelingens serie
"Rapporter”, der beskriver forskningsresultater fra ABK. Pub-
likationerne i denne serie kan f&s tilsendt straks ved udgivel-
sen for en abonnementspris af kr. 40.-, dzkkende undgivelserne
i perioden 1.7.1979 - 1.7.1980 (ca. 5 - 8 publikationer). An-
modninger om abonnement kan gives skriftligt eller telefonisk
til Afdelingen. '

Endvidere er der indfgrt en abonnementsordning for Afdelin-
gens serie "Forelasningsnotater”, der indeholder grundlaget
for de fleste af Afdelingens undervisningstilbud. Mange emner
beskrives her for fgrste gang pd dansk. Publikationerne i den-
ne serie kan fas tilsendt straks ved udgivelsen med en abonne-
mentsrabat pa& 20%. Anmodning om abonnement for perioden 1.7.1979
= 1.7.1980 m& ske skriftligt, f.eks. péd den kupon, som findes
bagest i dette hefte. Abonnementsafgiften vil blive opkravet
ved periodens udlgb. )

e Publications not marked with an [*] or for which no price 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 "Reports" in which the research reports are being
published may be obtained in subscription. The supscription
price outside Denmark, covering publications in the period 1st
July 1979 to 1st July 1980, is D.Kr. 60.-. Payment should ac~-
company orders of subscription.

A publication exchange agreement may be made with insti-
tutions working with structural research problems.
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AGERSKOV, H.: e Analysis of high-strength bolted end plate connec-
tions. Bygningsstatiske Meddelelser, Argang XLVIII, Nr. 3, 1977,
pp. 63-93. [*].1)

e High-strength bolted end plate connections in steel structures
are studied in the investigation. On the basis of a theory pre-
viously developed by the author, the influence of the different
variables affecting the magnitude of the prying forces in the
connection has been examined. In the investigation a large num-
ber of connections have been analysed on computer, and as a re-
sult of this analysis a diagram for direct use in the design
has been established. The application of the design diagram in
the analysis of connections is illustrated in examples covering
the three basis cases of the theory. A comparison between the
diagram resulting from the present investigation and those ob-
tained on the basis of the formulas given in the current (7th
ed.) AISC Manual of Steel Construction is included.

The empirically determined German standard end plate connec-
tions, "Regelanschliisse", have been analysed using the theory
developed, and a comparison between the. yield moments of the
connections and those of the corresponding sections is given.

Bgjningsstive tvarpladesamlinger i stdlkonstruktioner, udfgrt
med forspendte hgjkvalitetsbolte, er behandlet i den foreliggen-
de artikel. P8 grundlag af en beregningsmetode, der tidligere

er udviklet af forfatteren, er undersggt indflydelsen af de for-
skellige parametre, der bestemmer stgrrelsen af de resulterende
boltekrafter i samlingen. I denne undersggelse er ved hjzlp af EDB
gennemregnet et stort antal samlinger, og ud fra de ﬁerved op-
ndede resultater er udarbejdet et beregningsdiagram, der direk-
te kan anvendes ved projekteringen. Anvendelsen af dette diagram
ved beregning af tvarpladesamlinger er illustreret i eksempler,
der dzkker de tre grundtilfalde i den foresldede beregningsmeto-
de. I undersggelsen er foretaget en sammenligning mellem det
beregningsdiagram, der er udarbejdet af forfatteren, og tilsva-
rende diagrammer udledt ud fra de beregningsudtryk, der er an-
fgrt i AISC Manual of Steel Construction.

1. Se notationerne, s. 2. e See the notations, p." 2.
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Tverpladesamling i bjalke 1 profil HE 200 B. Samlingen er beregnet
for profilets flydemoment under hensyntagen til forggelsen af bol-
tekrafterne p& grund af tverpladeindspendingen i boltelinierne.

® Beam-to-beam end plate connection in section HE 200 B. The con-
nection is designed to transmit the yield moment of the beam sec-
tion taking the prying action into account. Ref.: AGERSKOV, H.:
Analysis of high-strength bolted end plate connections.

De tyske standardiserede tvarpladesamlinger, "Regelanschliisse",
hvis dimensioner er fastlagt empirisk, er undersggt ved hijalp
af den foresldede beregningsmetode, og samlingernes flydemo-
ment er bestemt til sammenligning med flydemomentet for de til-

svarende profiler.

AGERSKOV, H. og J. BJPRNBAK-HANSEN: Svejste samlinger i rundjerns-

konstruktioner. (e Welded connections in round bar steel struc-

tures. In Danish). Svejsning, Nxr. 4, Aug. 1978, pp. 93-96 [*].

I artiklen er givet en kort orientering om de vigtigste resul-
tater, der er opndet i en undersggelse af styrke- og deforma-
tionsegenskaberne for forskellige typer svejste samlinger i
rundjernskonstruktioner. Der indgdr i undersggelsen dels for-
skellige udformninger af stumpsvejste stgd i rundjern og dels
forskellige udformninger af befastelsen af rundjern til andre
konstruktionselementer, f.eks. knudeplader i gitterkonstruktio-
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ner. Hovedvagten i undersggelsen ligger pd samlingernes udmat-—
telsesstyrke.

e In the paper is given a short survey of the main results ob-
tained in an investigation on the strength and stiffness char-
acteristics of the varidus types of welded connections common-
ly used in round bar steel structures. Various forms of butt-
-welded joints in round bar members and various types of con-
nections between bars and other structural elements, e.g. gus-
set plates in trussed structures, are examined. The main empha-
sis in the investigation is laid upon the fatigue strength of
the connections.

ANDRESEN, CLAUS: Bjalker og sgdjler med &bne, tyndvaggede tvarsnit.

(e Beams and columns with thin open cross section. In Danish).
Afdelingen for Barende Konstruktioner, Rapport nr. R 98, 1978,
185s. Gratis. [Lic.].

I rapporten opstilles dels en 2. ordens teori og dels en line-
®r stabilitetsteori for sdvel bjalker med &bne, tyndvaggede
tvarsnit som for bjalker med massive. tvarsnit. For 2. ordens
teorien udledes de 6 koblede differentialligninger og de til-
hgrende statiske randbetingelser. Numeriske lgsningsmetoder
diskuteres.

Stabilitetsteorien behandles i rapportens 2. del. Den udled-
te stabilitetsteori er mere generel end de fleste andre frem-
stillinger for bjalker og sgjler med &bne, tyndveggede tvar-
snit. Den tager bl.a. hensyn til: a) prebuckling deformationer-
ne (lineart), b) flytningerne i bjzlkeaksens retning og c) vri-
dende momenter for den ydre belastning.

® The report describes first a second order theory and secondly
a linear theory of stability for beams with thin open sections.
The 6 coupled differential equations for the second order theory
are derived and the associated statical boundary conditions are

formulated. Numerical methods for solving the equations are dis-
cussed.
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PROFIL (11.2.27) | (11.2.34)

IPE 300 8% 4%
IPE 500 5% 2%
HE 300 B 52% 23%

HE 500 B 13%

[e)]
oo

Forggelser af kipmoment for tyndvegget bjzlke beregnet efter ny-
udviklede formler, i forhold til det klassiske kipmoment. e Lat-
eral buckling of beam with thin open section bent by couples at the
ends. Increases of buckling moment according to novel formulas in
relation to the classical formula. Ref.: ANDRESEN, C.: Bjalker og
sgjler med dbne tyndvaggede tvarsnit.

The theory of stability is treated in the second part of the
report. The derived theory is more general than commonly found. -
The following phenomena are included in the theory: a) prebuck-

ling deformations (linear), b) displacement components in the

‘axial direction and c) torsional moments- from the external loads.

ASKEGAARD, V. (P. Lundsager, V. Askegaard and E. Bjerregaard):
e Measurements of performance and structural regponse of the

Danish 200 KW Gedser windmill. Proc. of 2nd international sym-
posium on wind energy systems. Amsterdam 1978, vol. 1. S. D 2-9
il 2-26. [*].

e The paper deals with a series of static and dynamic measure-
ments being performed on the 20 year old Danish Gedser windmill
as a part of the Danish government and utility sponéored wind
power program. The design of the mill, which in several points

differs essentially from mecst modern designs, is still of interest

since the mill has been in operation during a 10 year period
without major mechanical troubles. The main objectives of the
measurements are the determination of the power curve, the
structural response especially of the rotor and the power qual-
ity, but the instrumentation layout also aims at obtaining re-
sults which should be useful in the verification of models for
windmill analysis.

In the paper a technical description of the instrumentation
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is given. A total of 84 channels has been installed, 46 of
which are telemetered from the rotor. The rotor instrumenta-
tion layout had been determined from laboratory tests on single
blades, during which the final instrumentation was installed
and calibrated.

Dufing field tests short.term measurements will be performed
during automatic operation as well as forces manoeuvres using
scanning frequencies up to 50 cps. Furthermore long term power/

wind measurements will be carried out.

Artiklen omhandler forsgg foretaget eller planlagt med den 20
4r gamle Gedser vindmglle som led i Handelsministeriets og el-
verkernes vindkraftprogram.

Mgllens konstruktion afviger fra de fleste moderne vindmgl-
lers, men er stadig af interesse, idet mgllen har fungeret u-
den navnevardige mekaniske problemer i en periode pa 10 ar.

Gennem milingerne ¢gnskes effekt kurve og effektkvalitet samt
den mekaniske belastning p& vingerne bestemt med henblik pa
opnielse af resultater der kan benyttes ved konstruktion af
fremtidige vindmgller.

Der er ialt é4 milekanaler hvoraf de 46 er anbragt pd vinger-

" ne. Signalerne herfra overfgres ved telemetri.
’ Instrumenteringen af vingerne med strain gages er foretaget
pé& grundlag af belastningsforsgg i laboratoriet.

ASKEGAARD, V;: o Stress and strain measurements in solid mechanics.

Afdelingen for Barende Konstruktioner, Rapport nr. R 92, 1978,
93s. Gratis.

e In the article a design basis is.given for stress cells (nor-
mal stress and shear stress) and strain cells.

The design basis covers cells embedded in a loaded matrix
or in a matrix with a stressfree strain field (for example,
shrinkage). The results are tabulated in the paper.

A stress cell has been designed that is intended to have

no transverse sensitivity and to read correctly even in the
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case of high strains in the surrounding medium.

Calibration tests have resulted in good or reasonably good
correspondence between calculated and measured properties.

The design basis is also expected to be useful for assessing
the effect on a cell's reading of a local change in the matrix
properties around the cell, that may arise from the mounting
procedure.

Der er i artiklen givet et dimensioneringsgrundlag for tgjnings—
mélepe samt for trykceller til mdling af normalspanding eller
forskydningsspanding.

Cellerne tankes anbragt i et legeme'som enten kan vere be-
lastet med en ydre last eller undergd en spandingsfri tg¢jnings-
tilstand f.eks. pd grund af svind. Resultaterne er angivet i
tabelform.

Der er fremstillet en trykcelle til mé&ling af en normalspen-
ding. Den er tilstrabt at vere ufglsom for andre spandingskom-
ponenter og at kunne registrere korrekt ogséd ndr t¢jningerne i
legemet er store.

Kalibreringsforsgg har givet enten god :eller rimelig god
overensstemmelse mellem mdlte og beregnede vardier.

Dimensioneringsgrundlaget forventes ogsé‘at vare anvendeligt
til at foretage et sk¢gn over den fejlvisning som kan forekomme
i trykceller fordi anbringelsen af disse kan foférsage en lokal
endring af det omliggende legemes egenskaber. Dette er f.eks.
tilfeldet ved anbringelse af trykceller i et kornet medium.

ASKEGAARD, V.: ® Stress and strain measurements in solids. Proceed-

ings of the 6th international conference on experimental stress
analysis, Mlinchen, 1978, pp. 259-268. VDI-Verlag, Dlisseldorf,
1978, [*]. )

® This paper is a short version of the report R 92, 1978 from
the Structural Research Laboratory.

Denne artikel er en sterkt forkortet udgave af rapporten R 92,
1978 fra Afdelingen for Bazrende Konstruktioner.
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ASKEGAARD, VAGN: @ Teaching and research in experimental mechanics.

Complementarity of theory and experiment. Lectures given during

the course: Selected advanced topics in experimental mechanics,
at the International center for mechanical sciences (CisM),
Udine, September 25 - October 4, 1978. Afdelingen for Barende
Konstfuktioner, Intern Rapport Nr. I 61. 1978, 96s. Gratis.

o The lectures were based on a translation of revised chapters
from the Danish textbook "Eksperimentel Mekanik" by Vagn Aske-
‘gaard and Jgrgen Nielsen.

In the lecture note importance is attached to complementarity
between theory and tests by taking as the basis the continuum
description of thermomechanical phenomena, i.e., description
embracing important problems from the spheres of the structural
engineer ‘and the mechanical engineer.

Examples are given of theories derived from continuum theory,
and the assumptions on which these theories are based, which
must, of course, be substantiated through tests, are used
to define and emphasize the fundamental principles, which also
apply to other, unspecified examples of theories.

The lecture note is divided into the following main sections:

" Fundamental Equations and Derived Theories of Continuum Mechanics;

Model Theory; Fundamental Measuring Problems, and Demonstration
of validity of Assumptions.

As an example, special attention is given to the problem of
measuring stress and strain in solids by using inclusions.

Forelasningerne var baseret pd en oversattelse til engelsk af
nogle reviderede kapitler i bogen "Eksperimentel Mekanik" af
'Vagn Askegaard og Jgrgen Nielsen.

Der er i forel@sningsnotatet lagt vagt pd komplementariteten
mellem teori og forsgg. Dette er gjort ved som udgangspunkt at
tage den kontinuumteoretiske beskrivelse af termomekaniske fa-
nomener, d.v.s. en beskrivelse som omfatter vaesentlige proble-
mer inden for bygnings- og maskiningenigrernes fagomrader.

Eksempler pd teorier, som er specialiseret ud £fra kontinuum-
teorien, er derefter angivet, og forudsatningerne for disse

teorier, som jo md sandsynligggres gennem forsgg, er benyttet
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Resultater af forsgg til bestemmelse af den milelangde over hvil-
ken beton kan karakteriseres som homogen med hensyn til elastici-
tetsmodul E. Ep , Ey : elasticitetsmodul af henholdsvis sten og
mgrtel. e Results of an experiment to determine the measuring length
over which concrete can be characterized as homogenous in respect
of the modulus of elasticity E. Ep , Ey : stiffness of aggregate

and of mortar, respectively. Ref.: ASKEGAARD, V.: Teaching and re-
search in experimental mechanics. Complementarity oOf theory and

experiment.

til at disponere indholdet af de fglgende kapitler, hvor det
principielle, som galder ogsd for andre ikke angivne eksempler
pé& teorier, er s¢gt understreget.

Notatet indeholder fglgende hovedafsnit: Kontinuumekanikkens
grundligninger og afledede teorier, Modelteori, Grundlaggende
méletekniske problemer og Sandsynligggrelse af beregningsforud-
s@tningers gyldighed.

ASKEGAARD, VAGN (Ole Christensen and Vagn Askeqaard).: e Wind forces

on and excitation of a 130 m concrete chimney. Journ. of indus-

trial aerodynamics, Vol. 3, 1978, S. 61-77. [*].

® A field experiment concerned with wind forces on a large con-
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crete chimney and the vibrations caused by these forces is pre-
sented.

some preliminary results concerning the consistency of the
measurements are discussed, and some conclusions regarding
éhimney vibrations are given.

A method for on-line dynamic calibration of wind pressure
transducers is presented. The method has worked satisfactorily,
but improvements concerning zero-pressure biases are needed.

A universal mean-pressure distribution for the Stignaes
chimney is presented. An estimated drag coefficient of 0.64
(independent of height above the ground) seems reasonable for
transcritical Reynolds numbers.

The roughness parameter of the sea for on-shore wind direc-
tions is found to be of the order of centimetres. A slight in-
dication of increasing roughness with increasing wind speed

is observed.

Der er gennemfgrt madlinger pd en af Stigsnasverkets 130 m hgje
jernbetonskorstene til fastlaggelse af vindlast pd skorstenen
og skorstenens dynamiske opf@rsel som fglge heraf.

Mdleresultaternes kvalitet er diskuteret og der er draget
nogle konklusioner vedrgrende skorstenens svingningsforhold.

En metode til on-line dynamisk kalibrering af vindtryksma-
lere er omtalt.

Der er endvidere givet en middeltryksfordeling for skorste-
nen. En modstandskoefficient pd 0.64 (uafhangig af koten) synes
rimelig.ved transkritiske Reynolds tal.

Ruhedsparameteren af forlandet (Storebalt) ved palandsvind
har stgrrelsesordenen cm.

Det synes som om forgget vindhastighed giver en svag forg-
gelse af ruheden.

BACH, FINN, M.W. BRESTRUP og M.P. NIELSEN: En ny beregningsmetode

for forskydningsarmering i jernbetonbjalker. (e Design of stir-

rups in reinforced concrete beams. In Danish). Dansk betonfor-
ening: Dansk betondag 1978. Publikation nr. 3, 1978, s. 81-95.
[*1. - ' :
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De fleste landes betonnormer baserer forskydningsdimensionerin-
gen p& en fast 45° haeldning af det diagonale betontryk. I vir-
keligheden medfgrer spandingsomlejringer imidlertid at betontryk-
heldningen bliver mindre, hvilket giver en stigning i bareevnen.
Ved at tillade frit valg af trykhaldningen kan konstruktionen
dimensioneres vasentlig mere gkonomisk. Et skridt i denne ret-—
ning er taget i den nye CEB-FIB norm. Forskydningsstyrken og

den tilsvarende trykhazldning kan forudsiges ved plastisk ana-
lyse.

e Most building codes base the shear design upon a fixedv450 incli-
nation of the diagonal concrete compression. In reality, redis-
tribution of stresses often leads to much smaller strut incli-
nations, resulting in higher ultimate loads. More economical
structures would be achieved by allowing design with variable

strut inclination. A step in this direction is taken by the

recent CEB-FIP Model Code. The actual sheér strength and the
corresponding strut inclination may be predicted by plastic
analysis.

BRESTRUP, M.W., M.P. NIELSEN and F. BACH: e Plastic analysis of
shear in concrete. Zeitschrift flir angewandte Mathematik und
Mechanik, Vol. 58, 1978, pp. T3-T14. [*].

e Most cases of shear in plain and reinforced concrete are geo-
metrically constrained in such a way that the failure involves
crushing of the concrete. Constrained shear is analysed by the
classical theory of plasticity, assuming the modified Coulomb
failure criterion as yield condition for the concrete, and
applying the associated flow rule (normality condition).

Kinematical dicontinuities (yield linies) are introduced to
facilitate the derivation of upper bound solutions. In some
cases, coinciding lower bounds are found. The analysis covers
in-plane shear of plates, shear in beams with and without web
reinforcement, shear in joints and corbels, and punching shear
of slabs.
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Ved de fleste forskydningsproblemer i armeret og uarmeret be-

ton forekommer'tvangsbindinger som ggr at brud ikke kan ske a-
lene ved spaltning af betonen. Sadanne tilfalde af tvungen for-
skydning analyseres ved hjalp af den klassiske plasticitetsteo-
ri. Som flydebetingelse for beton antages Coulombs modificerede
brudkriterium (friktionshypotesen med afskaring svarende til ad-
skillelsesbrud) og den associerede flydelov (normalitetsbetingel-
sen) anvendes. Kinematiske diskontinuiteter (brudlinier) indfg-
res for at lette bestemmelsen af gvrevaerdilgsninger. I visse til-
felde findes sammenfaldende nedreverdier. Analysen omfatter for-
sdening i skiver, i bjslker med og uden forskydningsarmering,

i fuger og stgbeskel, i konsoller, samt gennemlokning af plader.

BRESTRUP, M.W.: e Punching shear in concrete slabs. International

association for bridge and structural engineering. IABSE col-
loguium, Copenhagen 1979, Introductory report. Reports of the
working commissions, Vol. 28, October 1978, pp. 115-136. [*].

e The failure mechanism is examined and various theories and
design rules for centrical punching shear are reviewed. Based
upon the classical theory of plasticity, an analytical solution
is presented, describing the punching phenomenon in agreement
with experimental evidence. Test results are compared with
strength predictions of building codes and of plastic analysis.
It is concluded that, in spite of completely different basic
concepts, the two methods are not incompatible. Excentrical
punching is briefly treated.

Brudmekanismen analyseres, og forskellige teorier og beregnings-
metoder for central gennemlokning omtales. Under antagelse af
stive, idealt plastiske materialer, angives en plasticitetsteo-~
retisk ¢vreverdilgsning, som beskriver gennemlokningsfenomenet
i god overensstemmelse med fors¢gserfaringer. Resultaterne af
gennemlokningsforsgg sammenlignes med styrkeforudsigelser base-
ret pd normregler og p& den plastiske analyse. Det konstateres

at de to metoder, pd trods af grundlaggende forskelle i formule-
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ringen, ikke er uforenelige. Excentrisk gennemlokning gives
en kortfattet behandling.

BRESTRUP, M.W.: ® Shear strength of reinforced concrete beams. 2.ed.

Afdelingen for Barende Konstruktioner, Forel@sningsnotat nr.
F 53, 1978, 58s. Kr. 18.-.

e The shear strength of beams with vertical or inclined stirrups,
subjected to point loading, is analysed based upon the truss
analogy. The optimal strut inclination and the corresponding
maximum shear capacity (the web crushing criterion) is derived
from the equilibrium equations. Assuming pérfectly plastic ma-
terial properties, the web crushing criterion is shown to be

the exact plastic solution, and a corresponding failure mecha-
nism is determined. Comparison with test results shows excellent
agreement, provided the limited concretevductility is compen-
sated by an empirical effectiveness factor on the compressive
strength. Plastic solutions are also given for beams with dis-
tributed loading, and with few or no stirrups. Design of shear
reinforcement based upon variable strut inclination is dis-
cussed and compared with the Danish building code DS 411 and
with the CEB Model Code.

Baseret pd gitteranalogien analyseres forskydningsstyrken af
bjalker med skrd eller lodrette bgjler, pdvirket af koncentre-
ret belastning. Den optimale betontrykhaldning og den tilsva-
rende maximale ba&reevne (trykbrudskriteriet) bestemmes ved
hjelp af ligevagtsligningerne. Det vises at under forudsatning
af idealt plastiske materialeegenskaber er trykbrudskriteriet
den korrekte plasticitetsteoretiske lgsning og en tilsvarende
brudmekanisme bestemmes. Ved sammenligning med forsggsresulta-
ter konstateres udmerket overensstemmelse dersom betonens be-
gransede flydeevne kompenseres ved en empirisk effektivitets-
faktor pa trykstyrken. Plastiske lgsninger angives ogsa for
bjelker med javnt fordelt belastning samt med f& eller ingen

bgjler. Dimensionering af bgjlearmering baseret p& variabel
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Brudfigur for forskydningszonen af .jernbetonbjzlke. a) Koncentre-
ret deformation. b) Fordelt deformation. e Failure mechanism of
shear span. a) Concentrated deformation. b) Distributed deformation.
Ref.: BRESTRUP, M.W.: Shear strength of reinforced concrete beams.

trykheldning diskuteres og sammenlignes med reglerne i DS 411
og i det seneste normforslag fra CEB.

BRONDUM~-NIELSEN, T. et al.: Beton og betonkonstruktioner. (e Con-

crete and concrete structures. In Danish). Arsberetning for
Danmarks tekniske Hgjskole 1977. 1978. S. 28-51. [*].

Artiklen giver en oversigt over den forskning som ef foregdet

pa& Danmarks tekniske Hgjskole i 1977 vedrgrende beton og beton-
konstruktioner. Fglgende emner omtales blandt andet: Stabilise-
ring af cementovndrift ved automatisk regulering, cementpastas
porestruktur og frostbestandighed, korrosion af armering i be-
ton, forstarkning og reparation af betonkonstruktioner ved injek-
tion af epoxy, fiberarmering, let konstruktionsbeton, dimensio-
nering af betonkonstruktioner efter plasticitetsteorien, vrid-
ning af betonkonstruktioner, store rammehjgrner, rotationskapa-
citet, internationalt samarbejde, akustisk emission, beton og
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brand samt beton i lavenergibyggeri.

e The paper presents a review of the research carried out during
1977 at the Technical University of Demnmark regarding concrete
and concrete structures. The following subjects are covered, for
instance: Stabilization of cement kiln operation by automatic
control, pore structure and frost resistance of cement paste,
corrosion of reinforcement on concrete, strengthening and repair
of concrete structures by injection of epoxy resin, fibre rein-
forcement, lightweight aggregate concrete, design of concrete
structures according to the theory of plasticity, torsion of
concrete structures, big frame corners, rotational capacity,
international cooperation, acoustic emission, concrete and fire,

and concrete in low energy housing.

BRYNDUM-NIELSEN, TROELS: ® Epoxy resin repair of cracked concrete
beams. Afdelingen for Barende Konstruktioner, Rapport nr. R 89,
1978, 6s. Gratis.

o Severe shear cracks were observed in a number of reinforced
concrete beams with circular web openings. The beams were strength-
ened by placing precast concrete plugs in the openings. The ap-
proximately 1 mm wide joint between web and plug as well as the
cracks were sealed at both surfaces and a two—-component, low-
~viscosity epoxy resin was injected under high pressﬁre whereby
both joint and crack were filled in one operation. The efficiency
of the repair method was first investigated on a number of test

- specimens. Three different injection methods were investigated.
The tests indicated a very considerable difference in strength

" obtained by these methods. The best method resulted in a charac-
teristic strength about 5% higher than that of a solid, uncracked
reference specimen.

Foruroligende forskydningsrevner konstateredes i nogle armerede
betonbjalker med cirkulare udsparinger i kroppen. Bjalkerne for-

.starkedes ved at anbringe prafabrikerede betonpropper i udspa-
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Revner i betonbjezlke med udsparinger i kroppen, repareret med epoxy
injektioner. Armeringen er vist med fuldt optrukken streg. e Cracks
in concrete beam with web openings, repaired by injection of epoxy

. resin. Reinforcement shown with full lines. Ref.: BR@PNDUM-NIELSEN,

TROELS: Epoxy resin repair of cracked concrete beams.

ringerne. Den ca. 1 mm tykke spalte mellem bjzlkekrop og prop
samt revnerne forsegledes pd begge sider, og en to-komponent,
lav-viskos epoxy injiceredes under stort tryk, hvorved spalte
og revne udfyldtes i samme operation. Reparationsmetodens effek-
tivitet undersggtes fgrst pd& nogle prgvelegemer. Tre forskelli-
ge injektionsmetoder blev undersggt. Forsggene afslgrede meget
store forskelle mellem styrkerne opndet ved disse metoder. Den
bedste metode resulterede i en karakteristisk styrke, som var

5% hgjere end styrken af et massivt, urevnet reference-prgvele-
geme.

BYSKOV, ESBEN: Elementmetoden. Store flytninger og store tgjninger.
" 2.udg. (e The finite element method. Large deflections and large
strains. 2.ed. In Danish). Afdelingen for Barende Konstruktioner,
Forelaesningsnotat nr. F69, 77s. Pris kr. 22.-.

Elementmetoden formuleres for (hyper)—élastiske problemer med
store flytninger og store tgjninger, idet der lagges serlig

vagt p& de lineart hyperelastiske materialer. Notatet indehol-
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Ulineart gittervarksproblem beregnet efter elementmetoden. Q: kraft,
V: flytning. ¢ Non-linear truss problem calculated with finite ele-
ments, Q: force, V: displacement. Ref.: BYSKOV, E.: Elementmetoden.
Store flytninger og store tgjninger.

der herudover en kortfattet gennemgang af det ngdvendige kontinu-
ummekaniske grundlag samt en oversigtsmessig introduktion til )
stabilitetsproblemer. De udledte formler anvendes til opstilling
af et geometrisk stangelement, som afprgves i et PL/I program,
der er aftrykt.

e The finite element method is formulated for (hyper-)elastic
problems with large deflections and large strains. The emphasis
is on the linearly hyperelastic materials. The lecture notes

also contain a short review of the necessary continuum mechanics
theory as well as a brief introduction to structural stability
problems. The application of the formulas is exemplified by means
of a Eai element which is tested in a PL/I program. The program
is listed in the notes.



20 1. Scientific papers etc.

BYSKOV, ESBEN: e On the applicability of an asymptotic expansion

for elastic buckling problems with mode interaction. DCAMM re-

port No. 140, Technical University of Denmark, 1978, 14s. [*].

® Asymptotic expansions often provide relatively simple formu-
las fér post-buckling and imperfection sensitivity analyses.
In a previous work Byskov and Hutchinson have developed and
utilized an expansion to determine the increase in imperfec-
tion sensitivity caused by interaction between two or more
buckling modes. This article contains an attempt to assess the
range of validity of that expansion. The estimates of the ap-

plicability are made with reference to a simple example.

Asymptotiske udviklinger giver ofte forholdsvis simple formler
for postkritisk opfgrsel og imperfektionsfglsomhed. I et tid-
ligere arbejde har Byskov og Hutchinson udledt og benyttet en
sddan udvikling til at bestemme den forggelse i imperfektions-
fglsomhed, som skyldes samspillet mellem to eller flere bulings-
former. Rapporten indeholder et forsgg pé& at fastlagge gyldig-
hedsomrddet for den benyttede udvikling. Overvejelserne i den-

ne forbindelse foretages p& basis af et simpelt eksempel.
' Ixy :
: |
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4 lineariseret flydebetingelse

Korrekt og lineariseret flydebetingelse for skiver af jernbeton.

oot betonstyrken. e Correct and linearized yield condition for discs
of reinforced concrete. o,: compressive strength of concrete. Ref.:
HANSEN, KARL ERIK, KAJ L. BRYDER og M.P. NIELSEN: Armeringsbestem-
melse i jernbetonskaller.
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DYRBYE, CLAES: e Admittance-curves. Afdelingen for Barende Konstruk-
tioner, Rapport nr. R96, 1978, s. 1-16. Gratis.

e The concept of admittance is introduced in a non-dimensional
way, and distinctions are made between crossadmittance and auto-
admittance.

Resonance bandwidth is defined as the frequency range, in
which the non-dimensional admittance is greater than 1, and for
a SDOF system with viscous damping a simple relation between
the resonance bandwidth and the damping ratio is presented.

Expressions for admittance of undamped MDOF systems and for
beams with distributed mass are derived and several examples
are given.

Especially in almost symmetrical cases, antiresonance fre-
guencies may be close to resonance frequencies, and the admit-
tance curved have extremely small bandwidths.

Admittansbegrebet indfgres pd en dimensionslgs form og der skel-
nes mellem krydsadmittans og autoadmittans.

Resonansbdndbredden defineres som det frekvensomrdde, i hvil-
ket den dimensionslgse admittans er stgrre end 1, og for et
viskost dampet system med 1 frihedsgrad er der pévist en simpel
sammenha&ng mellem resonansbindbredden og dampniﬁgsforholdet.

o Udtryk for admittans af udampede systemer med flere friheds-
grader og for bjalker med fordelt masse er udledt og belyst ved
flere eksempler. '

Iszr i nesten symmetriske tilfalde kan antiresonansfrekvenser
vaere tet ved resonansfrekvenser, hvilket kan medfgre ekstremt
smalbdndede admittanskurver.

DYRBYE, CLAES: Bglger i faste medier. (e Waves in solids. In Danish).

Afdelingen for Barende Konstruktioner, Forelasningsnotat nr.
re64, 1978, 44s. Kr. 15.-.

Bplgeligningen udledes for et idealelastisk, homogent og iso-
tropt medium. I et halvuendeligt legeme formuleres udtryk for

plane P-bglger og S-bglger, hvorefter specialtilfazldet harmo-
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Admittanskurve for indspandt bjzlke med enkeltkraft. y: dimensions-
lgs admittans, w: kraftfrekvens, w,: udempet cyklisk egenfrekvens.

" o Autoadmittance for clamped-clamped beam with a point force. y:
dimensionless admittance, w: frequency of point force, Wy circular
eigenfrequency corresponding to undamped vibration. Ref.: DYRBYE,
CLAES: Admittance-curves.

niske bglger behandles mere indgdende. Aksialsymmetrisk udbre-
delse af harmoniske P-bglger og S-bglger undersgges. Rayleigh-
vb¢lger og Lovebglger behandles, idet der findes udtryk for ud-
Bredelseshastighed og partikelbevagelse.

Bglgeudbredelse i lagdelt medium undersgges for P-bglger og
S-bplger idet der dels ses pé& refraktions- og reflektionsfor-
hold, dels udledes udtryk for en byggegrunds egenfrekvenser.
Endelig ées der pd udbredelse af bglger i et medium med indre
dampning. )

® The wave equation is derived for an ideal elastic, homogeneous
and isotropic medium. Expressions for plane P-~waves and S-waves
are presented for a semi-infinite body and next harmonic waves
are treated more thoroughly. Axisymmetric, harmonic P-waves and
S-waves are investigated. Réyleighwaves and Lovewaves are de-
scribed and expressions for the wavevelocities and particle
motions are presented.

" Wavepropagation in layered media is investigated for P-waves
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and S-waves as reflection and refraction is studied, and expres-
sions for the natural frequency of a building site are derived.
- Finally wavepropagation in a medium with internal damping is

discussed.

DYRBYE, CLAES: e Dynamic systems with sinusoidal mode shapes. Af-

delingen for Bzrende Konstruktioner, Rapport nr. R97, 1978,
21s. Gratis.

@ For the class of structures, which have sine~-curves as mode
shapes it is proved that a lumped-mass approximation with equal
masses in equally spaced points has the property that its eigen-
vectors coincide with the mode shape function of the continuous
structure. The eigenfrequencies in the system with lumped mas-
ses are less than the corresponding eigenfrequencies in the
distributed mass system.

Formulas for eigenfreguencies are given for simply supported
beams with an axial force, for Timoshenko beams with shear defor-
mations as the only secondary effect and for a stretched string.
Numerical values are given in tables.

For den klasse af konstruktioner, hvis egenfunktioner er sinus--
kurver, er det eftervist, at en tilnarmelse med et endeligt an-
tal lige store og ligeligt fordelte masser har den egenskab,

at dens egenvektorer stemmer overens med egenfunktionerne i det
kontinuerte system. Egenfrekvenserne i systemet med diskrete
masser er mindre end de tilsvarende egenfrekvenser i systemet
med kontinuert massefordeling.

Formler for egenfrekvenser er angivet for simpelt understgt-
tede bjzlker med normalkraft, for Timoshenkobjazlker med for-
skydningsdeformationer som eneste sekundere virkning og for en
spandt -streng. Talverdier er givet i tabeller. ;

DYRBYE, CLAES: Opgaver i bygningsdynamik. 3. udg. (e Problems in
structural dynamics. In Danish). Afdelingen for B=zrende Konstruk-
tioner, Forel®sningsnotat nr. F39, 1978, 83s. Kr. 22.-.
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Heftet indeholder en samling af nasten 100 opgaver i Bygnings-
dynamik, der i udvalg benyttes ved undervisningen i kurserne
Bygningsdynamik 1 og Bygningsdynamik 2 ved Afdelingen for Ba-
rende Konstruktioner, DtH.

e The booklet contains a collection of almdst 100 problems in
structural dynamics used at the education at the courses Struc-
tural Dynamics 1 and Structural Dynamics 2 at the Structural
Research Laboratory, Technical University of Denmark.

HANSEN, KARL ERIK, KAJ L. BRYDER og M.P. NIELSEN: Armeringsbestem-

melse i jernbetonskaller. (e Design of reinforcement in rein-

forced concrete shells. In Danish). Afdelingen for Barende Kon-
struktioner, Rapport nr. R 91, 1978, 51s. Gratis.

Nerverende rapport omhandler metoder til bestemmelse af arme-
ring i jernbetonskaller med givne snitkrafter. P& grundlag af
opdeling af skallen i skiver og teorien for stift plastiske ma-
terialer udvikles edb-metoder baseret dels pd successiv itera-
tion, dels pd matematisk programmering.

For tykkelsen af de skiver, der pévirkes til tryk, bestem-
mes begraznsninger ud fra betonnormens (ref. [14]) regler for
bgjning med normalkraft.

Det konkluderedes, at en kombination af nogle af de iterative
metoder normalt vil vare fordelagtigst at anvende. Herved kan
alle lasttilfelde dakkes ind, og sdvel edb-regnetid som -lager-
behov vil blive meget begranset.

e This report deals with computer methods for the calculation
of reinforcement in shells with given stress resultants.

The methods are based on subdivision of the shell in a cer-
tain number of plates and the reinforcement of the plates is
determined on the basis of the theory of plasticity. The methdéds
dealt with are based on either successive approximation or math-
ematical programming techniques. Limitétions of the thickness
of the plates loaded in compression are established on the basis
of Danish Code rules for combined bending and compression.



1. Videnskabelige publikationer m.v. 25

For practical purposes it is recommended to use a combination
of the iterative methods, whereby all of the loading cases can
be covered. The computer time as well as the required computer
storage will be very limited.

HESS, UWE, B.CHR. JENSEN, M.W. BRESTRUP, M.P. NIELSEN oglFINN BACH:

Gennemlokning af jernbetonplader. (e Punching shear in rein-

forced concrete slabs. In Danish). Afdelingen for Barende Kon-
struktioner, Rapport nr. R 90, 1978, 63s. Gratis.

Denne rapport beskriver arbejdet i forbindelse med en forunder-
sggelse vedrgrende anvendeligheden af plasticitetsteorien ved
beregningen af gennemlokningslasten for jernbetonbjalker.

Beregningerne er gennemfgrt med forskellige geometriske ud-
formninger af brudfigurer; de bedste resultater opniedes med
en brudfigur bestdende af en omdrejningsflade med en kaedelinie
som frembringerkurve.

Resultaterne af beregningerne er sammenlignet med forsggsre-
sultater fra litteraturen, og overensstemmelsen er rimelig.

Forsggsresultaterne er ogsd benyttet til en kontrol af dan-
ske og udenlandske normers formler for gennemlokningslasten.

Endelig er gennemlokningslasten for cylinderskaller forsggt
Béregnet, og resultaterne sammenlignet med forsgg - ogsd her
med en rimelig overensstemmelse. )

Bagest i rapporten er angivet en fortegnelse over litteratur
;omhandlende gennemlokning af jernbetonplader.

e This report describes the work during a preliminary investiga-
tion concerning the application of the theory of plasticity to
the calculation of the punching load of reinforced concrete
slabs.

The calculations are made with several failure mechanisms, .
a surface of revolution with a catenary curve as generatrix
giving the best results.

The results are compared with tests from the literature and
fair agreement is found. The test results have also been used

to check the formulas given in the Danish and foreign codes.
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“ Gennemlokning af jernbetonplade med cirkulert belastet areal. Brud-
figur. e Punching of reinforced concrete slab loaded on a circular
area. Failure mechanism. Ref.: HESS, U. et al.: Gennemlokning af
jernbetonplader.

Finally an attempt has been made to calculate the punching
load of cylindrical shells. The calculated loads have been
compared with tests, and also here fair agreement is found.

At the end of the report there is a list of literature
concerning punching of reinforced concrete slabs.

KJEMS, ARNE og HERBERT KRENCHEL: Forankring af svejste armeriﬂgs—
net af gruppe I. Supplerende forsgg. Svejste net af glat eller
profileret trid. (e Anchorage properties of welded wire fabric

of group I. Supplementary tests. Fabric of smooth or surface
profiled reinforcing steel. In Danish). Afdelingen for Baren-
de Konstruktioner, Intern Rapport nr. I 59, 1978, 37s. Gratis.

I forlangelse af de 156 trakforsgg med prgveprismer der er be-
handlet i Intern Rapport I 51, er der udfgrt en serie supple-
rende forsgg, som omfatter 36 tilsvarende trazkforsgg.

Nervarende rapport, der sdledes er et supplement til I 51,
er skrevet si den kun kan lases i sammenhang med ovennavnte rap-
port.

® As an extension of the 156 tensile tests described in the

Internal report No. I 51 a series of supplementéry tests has
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been carried out comprising 36 corresponding tensile tests.
This report being an extension of I 51 is to be read only
in connection with report I 51.

KRENCHEL, H.: Fiberarmering. (e Fibre reinforcement. In Danish).
Afdelingen for Barende Konstruktioner, Forelasningsnotat nr.
F 67, 1978. 57s. Kr. 18.-.

En oversigt over de forskellige typer af fiberarmerede materi-
aler med en gennemgang af fiberarmeringens virkemdde og de for-
skellige parametre, som er bestemmende for disse materialers
mekaniske egenskaber.

Elasticitetsteoretisk beregning af disse kompositmaterialers
styrke og elasticitetsegenskaber ud fra komponenternes mekanis-
ke egenskaber, armeringsgraden, armeringens orientering samt
fibrenes forankring, ved énakset pdvirkning, forskydningsp&d-
virkning respektive bgjning. Undersggelse af bgjningspivirket
tversnit, hvor matrixmaterialets brudforlangelse er mindre end
armeringens, herunder specielt den specifikke fiberoverflades

betydning for om der opstdr egentlige revner i trakzonen.

e A survey of the different types of fibre reinforced materials’
Qith an examination of how this type of reinforcement works and
of the different parameters being responsible for the mechanical
properties of this type of composits.

Calculation by elastic theory of the strength and the elastic
properties of these materials from the mechanical properties of
the components, the amount of fibre and the orientation and an-
chorage of the reinforcement in uniaxial straining, shear strain-
ing and bending, respectively.

Examination of a cross-section in bending where matrix in
the tensile zone has passed its ultimate strain, with calcula-
tion of the specific fibre surface and discussion of how this
parameter is responsible for, whether discrete cracks are
formed in the tensile zone. -
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Trazkarbejdskurver for fibre £, matrix m og kompositmateriale k, nér
brudtgjningen e¢_ for matrix er mindre end brudtgjningen €2 for fib-
re. ® Stress-stPain curves for fibres £, matrix m and composit ma-
terial k when the ultimate strain e_ for the matrix is less than

the ultimate strain e; for the f£ibr¥s. Ref.: KRENCHEL, HERBERT: Fi-
berarmering.

MADSEN, HENRIK O.: e On stochastic load combination. Solid mechanics
division, University of Waterloo, Waterloo, Ontario, Canada.
SM report No. 30, October 1978. 14s. [*].

® Recent results in load combination studies are presented. Mean
upcrossing rate of a stochastic process is used to provide an
upper bound on the complementary distribution of the extreme

of the process. Upper and lower bounds are derived for the mean
upcrossing rate of sum processes. Results are used to derive a
safety checking equation of practical format for codified struc-
tural design, and related to Turkstra's rule.

Nyligt opndede resultater inden for studiet af kombinationer af

belastninger beskrevet ved stokastiske processer prasenteres.
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Middelopkrydsningsintensiteten for en stokastisk proces ind-
g&r i udtrykket for en g¢vre granse for den komplementere for-
delingsfunktion for extremvardien af processer. ¢pvre og nedre
granser for middelopkrydsningsintensiteten af summer af uaf-
haengige processer udledes. Resultaterne anvendes til at udle-
de en simpel regel for kombination af belastninger til brug i
normer. Denne regel er tat knyttet til Turkstra's regel.

NIELSEN, L.O. og C. DYRBYE: Bygningsdynamik. Edb-metoder. (e Dynam-—

ics of constructions. Computer methods. In Danish). Afdelingen
) for Bzrende Konstruktioner, Forelasningsnotat nr. F 66, 1978,
.62s. Kr. 18.-.

Der gennemgds en rzkke metoder til bestemmelse af en konstruk-
_tions dynamiske virkemdde (egensvingninger, tvungne harmoniske
svingninger og vilkérlige svingninger). Metoderne tager primert
sigte p& en linearelastisk konstruktion med mange frihedsgrader.
En s&dan fremkommer bl.a. af en kontinuert konstruktion, der dis-
kretiseres ved elementmetoden.

Desuden er metoderne i et vist omfang belyst ud fra nogle kon-
struktioner gennemregnet med et standard-edb-program baseret
pé& elementmetoden.

e A number of methods to determination of the dynamic response
v(eigenvibrations,_forced harmonic vibrations and transient re-
sponse) of a consﬁruction are considered. The methods are pri-
marily well suited for a linear system with many degrees of
freedom such as a linear finite element system.
Some of the methods are illustrated by examples analysed by

a standard finite element program.

NIELSEN, LEIF OTTO: Elementmetoden. Lgsning af egenvardiproblemer.
(® The finite element method. Solution of eigenvalue problems.

In Danish). Afdelingen for Barende Konstruktioner, Forelazsnings~—
notat nr. F 65. 1978, 59s. Kr. 18.-.
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Der gennemgds en edb-orienteret metode - vektoriteration med
hovedretningsortonormering - til lgsning af de egenvardiproble-
mer, der fremkommer, ndr man pd basis af finite elementers me-
tode, herunder deformationsmetoden ¢nsker at bestemme et spe-
cificeret antal af en linesrt virkende konstruktions egenfre-
kvenser eller stabilitetslaste.

som supplement er metoden programmeret og procedurerne lis-
tet.

e The problems considered are the stability and the eigenfre-
quency problems of a linear construction. Using the finite ele-
ment method or the slope-deflection method the determination of
the stability load factor or the eigenfrequencies results in a
linear eigenvalue problem.

A computer orientated method - simultaneocus iteration with
improved convergence - for solving such problems is analysed
and explained.

Supplementary the method is programmed and the procedures

printed.
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Stabilitetsproblem for rektangular skive behandlet med elementme-
‘toden. e Buckling of rectangular compressed plate calculated with

finite elements. Ref.: NIELSEN, L.O.: Elementmetoden, Lgsning af
egenvardiproblemer.
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NIELSEN, L.O. og E. BYSKOV: Opgaver i elementmetoden. (e Problems
of the finite element method. In Danish). Afdelingen for Baren-—

de Konstruktioner, Forelasningsnotat nr. F 68, 1978, forsk.
pag. Kr. 18.-.

Notatet indeholder en rakke opgaver til brug for undervisnin-

gen i elementmetoden.

e The book contain a number of exercises intended for the in-
struction in the finite element method.

NIELSEN, M.P., M.W. BRESTRUP and F. Bach: e Rational analysis of

shear in reinforced concrete beams. International association

for bridge and structural engineering. Periodica 2/1978. IABSE
proceedings P-15/78. May 1978. 16s. [*]..

e The shear strength of beams is analysed by the truss analogy
with variable strut inclination. The web crushing criterion is
derived as a solution satisfying equilibrium. If the materials
are assumed to be perfectly plastic, the web crushing criterion
is also an upper bound} corresponding to a failure mechanism
with vertical deformations only. The exact plastic solution is
also given for beams without shear reinforcement. The solutions
are compared with experimental evidence and with the design of
building codes, particularly the CEB Model Code.

Forskydningsstyrken af bjazlker med lodrette eller skrd bgjler
analyseres ved hjzlp af gitteranalogien med variabel trykhald-
ning. Trykbrudskriteriet udledes ved ligevagtsbetragtninger.
Antages materialerne idealt plastiske, er trykbrudskriteriet
ogsd en gvrevaerdilgsning, svarende til en brudmekanisme med
kun lodrette deformationer. Den plasticitetsteoretiske lgsning
gives ogsd for bjzlker uden forskydningsarmering. L@gsningerne
sammenlignes med forsggsresultater og med dimensioneringsregler

i normer for betonkonstruktioner, specielt CEB-FIP Model Code.
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NIELSEN, M.P. and M.W. BRESTRUP: e Shear strength of prestressed
concrete beams without web reinforcement. Magazine of concrete
research, Vol. 30, No. 104, September 1978, s. 119-128. [*].

® Using the theory of plasticity, coinciding upper and lower
bounds for the ultimate shear load are determined. The materi-
als are assumed to be rigid, perfectly plastic, the tensile
concrete strength being neglected. The unrealistic assumption
of unlimited concrete ductility is amended through the intro-
duction of an empirical effectiveness factor on the compressive
strength. The solution, which gives the shear strength as a
function of the shear span ratio and the longitudinal reinforce-
ment strength, is compared with the results of a test series,
and exellent agreement is found. The dependence of the effec-
tiveness ratio upon various factors, principally the concrete
strength level, is discussed by comparison with a number of
shear tests reported in the literature.

Sammenfaldende ¢vre og nedre vardier for forskydningsbazreevnen
bestemmes ved hjzlp af plasticitetsteorien. Materialerne anta-
ges stive, idealt plastiske, og der ses bort fra betonens trak-
“styrke. Der tages hensyn til betonens begransede flydeevne ved
indfgrelse af en empirisk effektivitetsfaktor pd trykstyrken.
Lgsningen, som udtrykker bareevnen som funktion af forskydnings-
spa&ndvidden og langdearmeringens styrke, sammenholdes med re-
sultaterne af en forsggsserie og der konstateres glimrende over-
ensstemmelse. Ved sammenligning med forskydningsforsgg rappor-—
teret i litteraturen, undersgges effektivitetsfaktorens afhan-
gighed af forskellige forhold, fgrst og fremmest betonstyrkeni-
veauet.

RESUMEOVERSIGT 1977. e Summaries of papers 1977. Afdelingen for Ba-
rende Konstruktioner, Rapport nr. R 95, 1978, 78s. Gratis.

Resumeer af 52 videnskabelige publikationer m.v., af 11 rappor-
ter over rekvirerede arbejder og af 7 eksamensarbejder.
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e Summaries in Danish and in English of 52 scientific papers
etc., of 11 reports on contract work and of 7 final year the-

ses.

RIBERHOLT, HILMER: Indlimede bolte. ( @ In gluelam glued bolts. In

Danish) . Afdelingen for Bazrende Konstruktioner, Forelasnings-
notat nr. F 70, 1978, 13s. Kr. 10.-.

Dette notat har til formdl at opregne forskningsresultaterne
for den enkelte bolteforbindelse, og herudfra pege p& hensigts-
messige anvendelser og udformninger. Endvidere vil der blive
fokuseret pad specielle forhold ved nogle typer af bolteforbin-
delserne.

e This paper aims at an enumeration of research results for the
single bolt connection and on this basis to point out a suit-
able application in and design of structures. Further there
will be focused on special conditions in some types of bolt
connections.

RIBERHOLT, HILMER: Limede vierendeelbjalker af tra. Styrken af

ﬁj¢rnesamling mellem flange og kropplade. (e Glued vierendeel
beams of wood. Strength of corner connection between web plate
and flanges. In Danish). Afdelingen for Barende Konstruktioner,
Intern Rapport nr. I 60, 1978, 11s. Gratis.

Rapporten omhandler styrken af hjgrnesamlingen mellem kropplade
og flange i limede vierendeelbjalker af tre.

Til beskrivelse af spandingsfordelingen er der opstillet en
linezr elastisk model. Der redeggres for de ved forsgg fundne
brudformer, og der defineres styrkemdl for disse.

Den opstillede teori er i fuld overensstemmelse med forsggs—
resultater.

e The report deals with the strength of the corner connection

between web plate and flanges in glued vierendeel beams of wood.
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Spjle-bjalkekonstruktion af tra beregnet efter danske normer. Cen-
terafstand 4,8 m, vindlast ~ landbrugsland. ¢ Column-beam construc-
tion in wood designed according to the Danish code of practice.
Distance between columns 4.8 m, span 15 m. Wind loading as for
farm land. Ref.: RIBERHOLT, H.: Indlimede bolte.

e The stress distribution is found by a linear elastic model.
There is given a review of the type of ruptures found by tests,
and the matching strength measures are defined.

It is found that there is a very good agreement between
tests and the proposed theory.

ZILSTORFF, ANNE and CLAES DYRBYE: e Admittance of bars. Afdelingen

for Bzrende Konstruktioner, Rapport nr. R 96, 1978, s. 17-35.
Gratis.

e In the first part of the paper, a non-dimensional admittance
curve is derived for longitudinal vibrations in a viscoelastic
bar with frequency-independent material properties.
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In the second part of the paper, the influence of small
eccentricities upon the non-dimensional admittance is investi-
gated, and it is found that extremely narrow-banded bending
vibrations occur. As the calculations in this case are rather

complicated, they have been restricted to elastic bars only.

I artiklens fgrste afsnit udledes en dimensionslgs admittans-
kurve for langdesvingninger i en viskoelastisk stang med fre-
kvensuafh@ngige materialeegenskaber.

I det andet afsnit af artiklen undersgges indflydelsen af
smd excentriciteter p& den. dimensionslgse admittans, og det
er vist at der vil forekomme ekstremt smalbandede bginingssving-
ninger. Da beregningerne her er meget komplicerede, er de af-

greznset til kun at omfatte elastiske stanger.



36

2. REKVIREREDE UNDERS@GELSER,

e Reports on contract work.

Rapporten over en rekvireret underspgelse er principielt.rek—
virentens ejendom, men dels kan der altid gives rent oriente-
rende oplysninger om, hvad Afdelingen kan udfgre af mdlinger
pa4 det pagazldende felt ved henvendelse til den person, der er
angivet under sagen, og dels er det muligt i visse sager at
udlevere en fotokopi af rapporten, dersom rekvirenten har gi-
vet sin tilladelse hertil.

@ A report on contract work is, in principle, the property of

the client, but information on the types of measurement under-—
taken by the Department in the field in question can always

be obtained by application to the person named under the pro-
ject, and for certain projects, a photocopy of the report can
be supplied provided the client has given his consent to this.
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Relaxationsforsgg med 0.6" forspandingsliner. (e Relaxation tests

with 0.6" strands. In Danish). Afdelingen for Barende Konstruk-
tioner. Sagsrapport nr. S 18/75, 1978. 30s.

Ved Afdelingen er udfgrt arbejdsliniebestemmelse ved forskelli-
ge tgjningshastigheder for 5 typer stdl (3 typer lavrelaxations-
stil og 2 typer normalrelaxationsstil) og relaxationsforsgg med
3 typer stdl (2 typer lavrelaxationsstél og 1 type normalrelaxa-
tionsstdl); varigheden af relaxationsforsggene var mere end
10000 timer. Prgvelegemerne var forspendingsstdl med 7 trade.
Alle forsgg udfgrtes i overensstemmelse med British Standard
3617:1971.

Rekvirent: Cowiconsult, Virum.

Rapporten er p.t. ikke offentlig tilgengelig. For yderligere
oplysninger henvendelse til S¢ren Traberg, ABK.

® Tests have been carried out to determine stress-strain dia-
grams for different strain rates with 5 types of strands (3
types of low relaxation steel and 2 types of normal relaxation
steel) and relaxation tests with 3 types of strands (2 types
of low relaxation steel and 1 type of normal relaxation steel);
the duration of the relaxation tests were more than 10000 hours.
The test specimens were seven-wire steel strands for prestressed
concrete., All tests were carried out according to British Standard
3617:1971.

Client: Cowiconsult, Virum.

The report is. at the moment not available to the public. For
further information please contact S¢gren Traberg, ABK.

Opmdling af silo i Karpalund. (e Surveying of geometry in a silo in

Karpalund. In Danish). Afdelingen for Bazrende Konstruktioner.
Sag 17/78, 1978. 21s. Fotokopi, kr. 26.-.

Som led i et dansk-svensk samarbejde planlagges en trykcelle-
mdling i Karpalund-siloen. Af hensyn til tolkningen af disse
resultater er siloens geometriske imperfektioner kortlagt. M&-
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Opmdling af den indvendige vag i silo. Afvigelserne fra den cirku-
lar-cylindriske form er beregnet ved hjalp af EDB og optegnet pa
en udfoldet cylinderflade. Afvigelserne har betydning ved tolknin-
gen af senere trykmdlinger. e Measurement of inner surface of silo.
The deviations from the perfect cylinder are computer-calculated
and mapped out on a folded-out surface. The deviations influence

the interpretation of later pressure cell measurements. Ref.: Op-—
mdling af silo i Karpalund.

lingen er planlagt og databehandlet i samarbejde med Institut-
tet for Landmdling, DTH.

Ved hjalp af et optisk lod er ca. 400 punkters position fast-
lagt i rummet, sdledes at usikkerheden p& positionen i radier
retning er ca. 1 mm. Afvigelserne fra en perfekt cyiinder er
beregnet ved hjelp af EDB og optegnet pd en udfoldet cylinder-
flade.

De vasentligste trazk ved imperfektionerne kan (som ventet)
forklares ved en relativ stiv, let elliptisk glideforms flyt-
ninger i sin plan og rotation om en lodret akse.

Rekvirent: Svensk-dansk forskningsgruppe.

En kopi af rapporten kan rekvireres til den ovennavnte pris.

For yderligere oplysninger henvendelse til Jgrgen Nielsen, ABK.
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e A pressure cell measurement is planned as part of a Danish-
Swedish cooperation project. With regafd to interpretation

of these results, the silo's geometrical imperfections have
been surveyed. Measurement was planned and the results calcu-
lated in cooperation with the Institute of Surveying and Photo-
.grammetry, Technical University of Denmark.

With optical plumbing, the position of approximately 400
points was determined in the circular silo cell such that in-
accuracy of the position in the radial direction is approxi-
mately 1 mm. Deviations from a perfect cylinder, (imperfec-
tions), were computer-calculated and mapped out on a folded
out surface.

The most important deviation tendencies can, as was expected,
be explained by a relatively rigid, slightly elliptical slip-
form's movement in it's own plane and rotation about a vertical
axis.

Client: Swedish-Danish research group.

A copy of the report can be obtained for the above price.
For further information please. contact Jg¢rgen Nielsen, ABK.

Konstruktionsmassige sikkerhedsbestemmelser for energilagring i

salthorste. (e Structural safety regulations for the storing
of energy in salt deposits. In Danish). Afdelingen for Barende
Konstruktioner, Sagsrapport nr. S 20/78, 1978, 53s,.

Der er pd8 Afdelingen udarbejdet en rapport indeholdende et for-
slag til en fremgangsmide til fastsattelse af den konstruktions-
messige sikkerhed af energilagringskaverner.

Forslaget er i det vasentlige i overensstemmelse med sikker-
hedsfilosofi og metodik i "Retningsliner for last- og sikkerheds-
bestemmelser for barende konstruktioner" udarbejdet af den nor-
diske komite for bygningsbestemmelser (Nov.1978).

Rapporten afsluttes med et beregningseksempel.

Rekvirent: Forsggsanlag Ris¢, Roskilde.

Rapporten som helhed er ikke offentlig tilgangelig. For yder-
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ligere oplysninger henvendelse til lic.techn. Steen Krenk, For-
sggsanlag Risg, Roskilde.

® The report contains a proposal for a procedure for evaluation
of the structural reliability of caverns used for the storing
of energy.

The proposal is essentially in accordance with the methods
in and the philosophy behind "Recommendation for Loading- and
Safety Regulations for Structural Design", by the Nordic Commit-
tee for Building Regulations (NKB), November 1978.

The report is ended with a numerical example.

Client: Ris¢g National Laboratory, Roskilde.

The report in its entirety is not available to the public.

Fur further information please contact lic.techn. Steen Krenk,
Risg National Laboratory, Roskilde.
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3. EKSAMENSPROJEKTER.

eFinal year projects.

Da disse afhandlinger kun findes i et enkelt eksemplar, md et nar-
mere studium af dem foregd pd Afdelingens bibliotek. Fotokopier
af héle afhandlinger eller dele heraf kan leveres til en pris af
kr. 0,50 pr. side plus et ekspeditions- og forsendelsesgébyr pa
kr. 15.- pr. bestilling.

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

Anmodning om kopiering kan ske telefonisk pd tlf. (02) 883511.

e As there is normally only one copy of each of these theses,
anyone wishing to study them in detail must do so at the Depart-
ment's library. Photocopies of entire theses or parts thereof
can, however, be supplied at a price of D.kr. 0,50 per page plus
a dispatch and forwarding charge of D.kr. 15,00 per order.
Further information on the content of the theses can be obtained
by application to the project leader indicated under the summary.
Orders for copies must be accompanied by a check for the amount
in guestion.



42 3. Final year projects.

EXNER, HANS: Plasticitetsteori for Coulomb-materialer. (e Theory

of plasticity for Coulomb-materials. In Danish). Eksamenspro-
jekt, Afdelingen for Barende Konstruktioner, 1978. 131s. Foto-
kopi, kr. 81.-.

Den idéelle plasticitetsteori benyttes med Coulombs brudbetin-
gelse som flydebetingelse og med den associerede flydelov til
at undersgge problemer inden for jordtryksteorien.

Der vises en eksakt. lgsning for en vagtlgs, spidsvinklet ki-
le (c, p—bidraget til jordtrykket p& en stptteveg, som halder
bort fra jorden). :

Dernazst behandles konstruktionstypen en forankret spunsvag.
Der angives simple beregninger pd den sikre side og p& den u-
sikre side, og disse sammenlignes med den i Danmark ofte an-
Vvendte Brinch Hansen~metode, hvorved det ses, at sidstnavnte
er mindst ca. 30% pa den usikre side.

Opfyldelsen af forudsatningen om den associerede flydelov
(normalitetsbetingelsen) vurderes i dette tilfalde at vare af
mindre praktisk betydning sammenlignet med de usikkerheder, der
prager de eksisterende beregningsmetoder og deres forudsatnin-
ger.

Lerer: M.P. Nielsen.

e The ideal theory of plasticity is used with Coulombs yield
condition and the associated flow rule to investigate some prob-
lems within the theory of earth pressure.

An exact solution for a weightless acute-angled wedge is
demonstrated (the contribution from the cohesion and the sur-
face load to the pressure on a retaining wall inclined away
from the earth).

Simple calculations on the safe side and on the unsafe side
are then given for the construction of an anchored retaining
wall and these are compared with the results of the Danish meth-
od of Brinch Hansen. It is seen that the latter is at least
about 30 percent on the unsafe side.

The fulfilment of the associated flow rule is evaluated to

be of minor practical importance compared with the uncertainty
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Brudfigur til ¢vrevardiberegning af vagmoment for forankret spuns-
vaeg efter plasticitetsteorien. Ved hjzlp af denne brudfigur vises
det, at Brinch Hansen-beregningen er pd den usikre side for glat
vag. @ Failure mode for calculating on the unsafe side the moment
of an anchored retaining wall using the theory of plasticity. With
this mode it is shown that for a smooth wall the Brinch Hansen-meth-
od is on the unsafe side. Ref.: EXNER, HANS: Plasticitetsteori for
Coulomb-materialer.

of the existing calculation methods and their presumptions.
Project leader: M.P. Nielsen.

KOEFOD, KLAVS MUNCH og NIELS @PRSKOV KRISTIANSEN: Forsgg med silo-
modeller. (o Tests with silo models. In Danish). Eksamenspro-
jekt, Afdelingen for Bazrende Konstruktioner, 1978. 179s. + bi-
lag (116s) og EDB-udskrifter (ca. 80s). Fotokopi af -tekst + bi-
lag, Kr. 163.~-.

Gennem silomodelforsgg (centrifugemetoden) sggtes en egnet bund-
geometri for en silo indeholdende ¢stersskaller.ASiloen skulle
opfgres for A/S Hotaco og gnsket var en bundgeometri, som vil-
le resultere i en strgmningsform med en relativ lille nedknus-
ning og separation af indholdet. Resultatet blev en keglefor-
met bund med frembringere haldende 70° i forhold til vandret og
forsynet med en sdkaldt aflastningsbjalke.
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Model af bund og aflastningsbjalke i silo til ¢stersskaller. Formen
er udviklet med henblik pd forbedrede strgmningsforhold. e Bottom
and inserts in model of silo for oyster shells. The shape has been
developed in order to improve the flow situation. Ref.: KOEFOD, KLAVS
MUNCH og NIELS @RSKOV KRISTIANSEN: Forsg¢gg med silomodeller.

Som et led i Afdelingens siloforskning blev der i projektets
anden del udarbejdet et forslag til opbygning af en ny forsggs-
stand, hvor der kan udfgres forsgg i éﬂ ca. 5 m hgj modelsilo.

Larer: Jgrgen Nielsen.

e By using the silo-model experiment, a suitable shape of the
bottom parts of a silo containing oyster shells was sought. The
silo was to be built for A/S Hotaco. A bottom shape giving a
flow pattern with a relatively small crushing and segregation
of the contents was desired. The result was a cone-shaped base
with an angle of 70° relative to the horisontal direction and
supplied with an insert.

As part of the current silo-research; a proposal was made

- for a new 5 m high research model.
Project leader: Jgrgen Nielsen.
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KERN, JENS CHR.: Optimering af armering omkring huller for beton-

bjelker og skiver. ( eOptimization of reinforcement around

openings in concrete beams and deep beams. In Danish) . Eksa-
mensprojekt, Afdelingen for Bzrende Konstruktioner, 1978. 97s.
Fotokopi, kr. 64.-.

I éksamensprojektet er udfgrt en undersggelse af det ngdven-
dige armeringsbehov for skiver med huller.

Projektet bestdr af et litteraturstudium samt en teoretisk
undersggelse, som baserer sig pd plasticitetsteoriens nedre-
vardisatning.

Det teoretiske arbejde bestdr af to dele. For det fgrste at
bestemme et omridde omkring et hul, indenfor hvilket man vil
forsterke konstruktionen, medens man udenfor armerer pa sadvan-
lig vis. Stgrrelsen af omrddet bestemmes ved at forlange mini-
mum for armeringsforbruget indenfor dette omrade.

Et hul i en skive vil i mange tilfelde vere placeret, hvor
der enten hersker ren forskydnings-, tryk- eller trzkspanding.
Der er derfor i eksamensprojektet fundet omrédets dimensioner
for disse tre belastningstilfalde.

For det andet er det vist, at man ved indlaggelse af simple
stringersystemer i en skivekonstruktion med huller kan bestemme
en spandingsfordeling (pd den sikre side for bareevnen), der '
sikrer minimum af armeringsforbrug i konstruktionen.

Dette ggres ved at opskrive armeringsvolumenet som funktion
af de statiske overtallige i stringersystemet. Man har herved
opfyldt samtlige ligevagts- og fysiske betingelser, sdledes at
man kan optimere pd de statiske oveitallige og finde minimum.

Den samme fremgangsmiade er yderligere benyttet til beregning
af konsolbjelkers bareevne.

Ved anvendelse af denne metode ndr man frem til simple og
anvendelige lgsninger p& visse skive- og bjalkeproblemer.

Larere: M.P, Nielsen og M.W. Brastrup.

e An investigation of the bearing capacity of reinforced con-
crete beams and deep beams with openings.

The project consists of a litterature study and a theoreti-
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cal work based on the theory of plasticity and on lower bound
solutions in particular.

The theoretical investigation is divided into two parts. The
first part consists of a calculation of a field around the open-
ings in which there should be some extra reinforcement. But,
outside the field, the construction should be designed as a
normal beam. The dimension of the field can be determined when
it is necessary that the volume of reinforcement inside the
field be minimum. The hole in a deep beam will often be placed
where the beams only are under pure shear stress, compression
or tension. Therefore, these loading cases have been studied
in the report, and the dimensions of the field have been deter-
mined.

In the second part, it is shown that it is possible to put
a simple stringer system in a deep beam with openings and deter-—
mine a stress distribution (on the safe side of the bearing
capacity), that gives a minimum of reinforcement. The reason
why it is possible is that the volume of reinforcement can
be expressed as a function of the statically supernumerary in
the stringer system..All the physical and equilibrium conditions
are now satisfied and an optimization is now possible.

The same method can further be used to determine beams with
dapped ends.

The theoretical investigation has shown that the latter
method leads to simple and practical solutions to some beam
and deep beam problems.

Project leaders: M.P. Nielsen and M.W. Brastrup.

NIELSEN, HANS JPRGEN og JOHN FORBES OLESEN: Rammekonstruktioners

postbucklingsopfgrsel. ( e Postbuckling behavior of frames. In
Danish). Del af eksamensprojekt, Afdelingen for Barende Kon-
struktioner, 1978. 146s. Eotokopi, kr. 88.~.

P4 basis af en asymptotisk metode, som er udviklet af Byskov
og Hutchinson i AIAA Journal, Vol. 15, No. 7, July 1977, pp.

941-948, er der opstillet et rammeprogram .i elementmetodefor-
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mulering. Programmet kan beregne stabilitetslast, postkritisk
opfgrsel og imperfektionsfplsomhed for elastiske rammekonstruk-
tioner - ogsd for rammer med samspil mellem to eller flere bu-
lingsformer med helt eller na@sten sammenfaldende kritiske las-
te. Arbeijdet indeholder blandt andet sammenligninger med ana-
"lytisk beregnede eksempler.

De i programmet benyttede stivhedsmatricer etc. kan ogsd an-
vendes ved spandingsberegning af rammekonstruktioner med mode-
rat store udbgjninger.

Larer: Esben Byskov.

o The thesis contains the development of a finite element pro-
gram for the determination of critical loads, postbuckling
behaviour and imperfection sensitivity of elastic frames. An
asymptotic expansion given by Byskov and Hutchinson in ATAA
Journal, Vol. 15, No. 7, July 1977, pp. 241-948 constitutes
part of the theoretical basis. The program can handle struc-
tures with interactions between two ore more buckling modes
with exact or nearly exact simultaneity. Two examples are
analyzed by means of the program and by an analytical proce-
dure. : ’

The stiffness matrices etc. which are employed in the pro-
gram may be applied to problems with moderately large deflec-
tions.

Project leader: Esben Byskov.

NIELSEN, HANS JPRGEN og JOHN FORBES OLESEN: FEMSTAB, Geometriske

imperfektioner. ( e FEMSTAB, Geometric imperfections. In Danish).

Del af eksamensprojekt, Afdelingen for Barende Konstruktioner,
1978. 50s. Fotokopi, kr. 40.-.

I arbejdet opstilles et fuldt geometrisk ulinezrt elementme-
todeprogram til beregning af plane, elastiske rammekonstrukti-
oner. Programmet kan tage hensyn til indflydelsen af moderat
store geometriske imperfektioner.

Lerer: Esben Byskov.
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e A geometrically non-linear finite element program for plane

elastic frames is developed. The influence of moderately large

geometric imperfections may be analyzed by the program.
Project leader: Esben Byskov.

PEDERSEN, CARL: Ny beregningsmetode for jernbetonsgjler. (e A new

method for design of reinforced concrete columns. In Danish).
Eksamensprojekt, Afdelingen for Barende Konstruktioner, 1978.
171s. Fotokopi, kr. 101.-.

Den danske norm for jernbetdnkonstruktioner, DS 411, er ret
mangelfuld hvad angdr afsnittene om sgjler og bjelkesgjler, da
der kun anvises en rationel beregningsmetode for simple bjzlke-
spjler med simple belastninger. I dette projekt er der gjort
rede for et forslag til udvidelse af DS 411, dels teoretisk og
dels praktisk, idet der er givet en rzkke eksempler pd dimen-
sionering af statisk ubestemte bjazlkesgjler af jernbeton.

Metodens grundlag er skgn af visse simple udbgjningsfigurer.
Disse kan ogsa bruges ved optimering af simple, men hyppigt
forekommende bjzlkekonstruktioner af jernbeton eller stil og
ved optimering af simple stdlsgjler med I-tvarsnit. I projek-
tet er de simple udbgjiningsfigurer undersggt geometrisk, teo-
rien for optimale konstruktioner, dels stift plastiske og e-
lastiske er gennemgdet, og der er givet eksempler p& optimal
design. De optimale konstruktioner er sammenlignet med konstruk-
tioner, der udfeéres i praksis.

Lzrer: M.P. Nielsen.

e The Danish Code of Practice for reinforced concrete struc-

tures, DS 411, is rather insufficient in the sections concern-

ing columns and beam-columns, because only a rational method

for design is given for simple beam-columns with simple loadings.
. In this project an extension of DS 411 is prbposed, both theo-

retically and practically, as a number of examples of design

of statically indeterminate beam-columns is given.

The basis of the method is an estimate of some simple de-
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flection curves. These curves can also be used by optimal design
of simple, but frequently occuring beams of reinforced concrete
and steel, and by optimal design of steel columns with I-shaped
cross sections.

The deflection curves are examined geometrically, the theory
of optimal structures, both plastic and elastic, is analysed and
some examples of optimal structures are given. The optimal struc-
tures are compared with those carried out in practice.

Project leader: M.P. Nielsen.

PETERSEN, CHRISTIAN RIIS: Tyndvaggede elastiske bjzlker med varia-
belt tvarsnit beregnet efter en finite strip metode. ( @ Analysis

of thin-walled elastic beams with variable cross-section by
means of a finite strip method. In Danish). Eksamensprojekt,
Afdelingen for Barende Konstruktioner, 1978. 131s + EDB udskrif-
ter. Fotokopi af tekst, kr. 81.-. -

I rapporten er der udviklet en metode til beregning af tyndvag-
gede bjmlker med variabelt tvarsnit, idet der tages hémnsyn til
forskydningsdeformationer og til tvarsnittenes deformationer pa
grund af bgjningsmomenter i tverrretningen. Metoden kan benyt-
tes for sdvel &bne som lukkede tvarsnit.

Bjalken opdeles i et antal langsgdende strimler (finite strip
metode), og der indfgres tilnermede udtryk for flytningernes
variation i tverretningen. Ved hjzlp af et blandetvenergiprin—
cip udledes et sat styrende differentialligninger og tilsvaren-
de randbetingelser. Ligningerne lgses numerisk ved hjalp af en
differensmetode. Der er udviklet et EDB-program og gennemregnet
et betydeligt antal numeriske eksempler.

Lerer: H. Mgllmann.

e In the report a method is developed for the analysis of thin-
~-walled elastic beams with variable cross-section. Shearing
strains and deformations of the cross-sections due to transverse
bending moments are taken into account. The method can be used
for open as well as for closed cross-sections.



50 3. Final year projects.

8cm

' Tyndvagget bjelke med variabelt tvarsnit pavirket til vridning.
Bjelken er beregnet ved hjzlp af en finite strip metode. ® Thin-
-walled beam with variable cross-section under torsion. The beam
is analysed by means of a finite strip method. Ref.: PETERSEN,
CHRISTIAN RIIS: Tyndvaggede elastiske bjezlker med variabelt tvar-
snit beregnet efter en finite strip metode.

The beam is divided into a number of longitudinal strips
(finite strip method), and approximate expressions are intro-
duced for the variations of the displacements in the transverse
direction. By means of a mixed energy principle a set of dif-
ferential equations and corresponding boundary conditions are
derived. A finite difference method is used for the numerical
solution of the equations. A computer program has been devel-
oped and several numerical examples have been solved.

Project leader: H. Mgllmann.
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PEDERSEN, MAX ELGAARD: En 2.ordens tiln®rmelse til

de konstitutive ligninger for beton. 1976.

RIBERHOLT, HILMER and PETER CHR. NIELSEN: Timber
under combined compression and bending stress.

1976.

KRENCHEL, HERBERT og J. BJ@RNBAK~HANSEN: Undersggel-
se af let konstruktionsbetons vasentligste materia-
leparametre. 1976.

BRESTRUP, M.W., M.,P. NIELSEN, FINN BACH and B. CHR.
JENSEN: Shear tests on reinforced concrete T-beams.
Series T. 1976.

NIELSEN, M.P. and M.W. BRESTRUP: Plastic shear strength
of reinforced concrete beams. 1976.

Resume~oversigt 1975. Summaries of papers 1975. 1976.%)
BRASTRUP, M.W., M.P. NIELSEN, B.CHR. JENSEN and

FINN BACH: Axisymmetric punching of plain and re-
inforced concrete. 1976.

BRONDUM-NIELSEN, TROELS: Partial prestressing. 1976.
LAURSEN, M.E.: EQSHELL. An equilibrium shell finite
element for arbitrary shell geometry. 1977.

DYRBYE, CLAES and FLEMMING BLIGAARD PEDERSEN: Rubber
mountings and vibration isolation. 1977.

BRESTRUP, M.W., M.P. NIELSEN and FINN BACH: Rational
analysis and design of stirrups in reinforced concrete
beams. 1977. )

ABK's informationsdag 1977. 1977.

Resumeoversigt 1976. Summaries of papers 1976. 1977.
M@LLMANN, H.: Static and dynamic analysis of plane
cable structures. 1977.

RIBERHOLT, H.: Bolte indlimet i limtra. 1977.
AGERSKOV, H. and J. BJPRNBAK-HANSEN: Fatigue strength
of welded connections in round bar steel structures.
1977.

LAURSEN, M.E., M.P. NIELSEN and M. ROIKJZR: Stability
analysis of beams and arches by energy methods. 1977.
LAURSEN, M.E.: Derivation of symmetric integration
formulas for triangles. 1977.

LAURSEN, M.E.: Stability and vibration analysis of
plane curved beams by an equilibrium finite element
method. 1977.

PEDERSEN, FLEMMING BLIGAARD: Vibration analysis of
v1scoelastlcally damped sandwich structures. 1978.
BRONDUM-NIELSEN, TROELS: Epoxy resin repair of cracked
concrete beams. 1978.

HESS, UWE, B.CHR. JENSEN, M.W. BRESTRUP, M.P. NIELSEN
og FINN BACH: Gennemlokning af jernbetonplader. 1978.

*) Udsolgt., Out of print.
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ASKEGAARD, V.: Stress and strain measurements in solid
materials. 1978.
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BYSKOV, ESBEN og STEEN KRENK: Konstruktionstras meka-
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Resumeoversigt 1977. Summaries of papers 1977. 1978.
DYRBYE, CLAES: Admittance-curves. ZILSTORFF, ANNE and
CLAES DYRBYE: Admittance of bars. 1978.

DYRBYE, CLAES: Dynamic systems with sinusoidal mode
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JENSEN, J.F., V. JENSEN, H.H. CHRISTENSEN, ¥. BACH,
M.W. BRESTRUP and M.P. NIELSEN: On the behaviour of
cracked reinforced concrete beams in the elastic range.
1978. :
ANDERSEN, ERIK YDING: Konstruktionsovervdgning med aku-
stisk emission. Prgvebelastning af landevejsbro. 1979.
FREDSGAARD, S®AREN SKYTTE: Ligevagtselementer i de fi-
nite elementers metode. Formulering og beregningsgang.
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AGERSKOV, HENNING: Tests on high~strength bolted T-stub
connections. 1979.

- KIRK, JENS: Direkte beregning af imperfekte skalkonstruk-

tioner. 1979..
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