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Utdrattur

Fjadureiginleikar steinsteypu er mikilvaegir i honnun steyptra mannvirkja, par sem peir
stjorna pvi ad miklu leiti hversu mikid mannvirki formbreytast undir alagi. Fjadureiginleikar
islenskrar steypu eru um margt frabrugdnir fjadureiginleikum steypu erlendis. Astadur pess
eru helst par hve Island er ungt og pvi olikt flestum 6drum léndum fra jardfredilegu
sjonarmidi. En hér 4 landi eru pau jardefni sem notud eru til steypugerdar misjofn ad gedum.
Jardefni eru ad miklum meirihluta fengin ar lausum jardlagandmum, en einnig ur ndmum par
sem berg er malad. Efni ur slikum ndmum getur verid misjafnt og oft erfitt ad ad tryggja gaeoi
slikrar framleidslu. bessi jardefni, oftast kollud fylliefni, eru rddandi pegar kemur ad
fjadureiginleikum steypu. Fjadurstudull steypunar samanstendur af samsettum eiginleikum
fylliefna (um 70 %) og sementsefju asamt lofti (um 30 %) (Mindess, S. & Young, J.F., 1981;
Neville, A.M. & Brooks, J.J., 1987).

Samkvaemt tilmalum i Evropustadlinum IST EN 1992-1-1:2004 pa skal steypa sem
hefur akvedid prystipol einnig hafa dkvedinn fjadurstudul. { sama stadli fra stadlaradi Evropu
(CEN) segir a0 lekka skuli fjadurstudul fyrir fylliefni ar sandsteini (um 10 %) og kalksteini
(um 30 %), en kalksteinn og sandsteinn eru ur kvarsi. Hins vegar skal hakka fjadurstudul fyrir
fylliefni ur basalti (um 20 %). Islensk fylliefni eru naer eingéngu basalt (Technical Committee
CEN/TC250, 2005; Porleifur Einarsson, 1994).

Almennt ber ad ganga ut {rd pessu vid honnun mannvirkja hér 4 landi auk pess sem ber
ad notast er vid islenskt pjooarskjal sem inniheldur nanari leidbeiningar er varda fjadurstudul.
[ islenska pjodarskjalinu er heimilt ad laekka fjadurstudul um 10 % eda 40 %, allt eftir pvi
hversu mikil holrymd pess fylliefnis sem nota 4 reynist vera. betta er leyfilegt pratt fyrir ad
islensk fylliefni séu nzr eingdngu basalt. Petta bendir til misjafnrar holrymdar basalts a
Islandi.

Viofangsefni pessarar rannsoknar er hvort ad tilefni sé til pess ad endurskoda, i heild
sinni eda ad hluta pau tilmali sem ritud eru i hinu islenska pjodarskjali og eru hluti af {IST EN
1992-1-1:2004. Til pess ad ganga ur skugga um hvort ad endurskodunar sé porf eru
framkveemdar stadladar profanir & steyptum sivalnings synum samkvemt ISO 1920-10:2010
og ASTM C 469 profstodlum. Einnig eru hermud steypt sivalnings syni i ANSYS
tolvuforritinu til samanburdar. Pau likon sem eru tekin til skodunar eru Counto, Hanshin og
Hirsch likonin.

Syni voru préfud ur premur prystipolsflokkum: C25/30, C30/37 og C35/45. Alls var
um ad reda 19 prothluta i niu synishopum. Flest syni voru Ur flokknum C30/37 eda 10
prothlutar i fimm synahdépum. Benda nidurstédur peirra tilrauna til ad kyrrstedur
fjadurstudull steypunnar sé um 36 % lagri en gildi ur IST EN 1992-1-1:2004, eftir ad buid ad
hakka pau upp um 20 % samkvamt tilmaelum stadalsins.

[ tilfelli ASTM C 469 profana sem bornar voru saman vid stadalgildi bandariska
stadalsins ACI 318-11, var munurinn um 18 %. Mismunur 4 milli nidurstédu préfanna ISO
1920-10:2010 og ASTM C 469 var um 12 %.

Reiknad Poissons hlutfall fyrir pau syni sem voru til skodunar i pessari rannsékn voru
ad medaltali: Fyrir C25/30: 0,17. Fyrir C30/37: 0,18. Fyrir C35/45: 0,15. Medaltal Poissons
hlutfalls fyrir alla pessa prystistyrktarflokka var 0,17.

Hermanir gafu eftirfarandi nidurstddu: Hirsch model gaf ésattanlegustu ndlgun hvad
vardar hlidar- og aslaga streitu. P4 er midad vid samanburd vid meld gildi ur préfun ISO
1920. Munurinn er 19,8 % fyrir aslaega streitu og 31,2 % fyrir hlidarstreitu, fyrir syni 201 og
202. Hvad vardar ASTM C 469 profanir gaf Hirsch likan bestu nalgun, hvad vardar aslega
streitu. Munurinn er 24,1 % fyrir syni 201 og 202.
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Abstract

The elastic properties of concrete are important in the design of concrete structures,
since they control to a great extent the deformation of a structure under load. The elastic
properties of Icelandic concrete are in some ways different from general elastic properties of
concrete. The main reason for this is Iceland‘s young age, from a geological standpoint. In
Iceland the quality of aggregates used for concrete is not uniform, as the aggregates are
mostly taken from quarries, but in few cases crushed. As a result the production of aggregates
is varied, in regard to particle size, and difficult to insure its quality. The aggregate is a
dominating factor when it comes to deciding the elastic properties of concrete. The concrete‘s
modulus of elasticity consists of the composite properties of aggregate (roughly 70 %) and
cement matrix and air-entrainer (roughly 30 %) (Mindess, S. & Young, J.F., 1981; Neville,
A.M. & Brooks, J.J., 1987).

According to the European standard, IST EN 1992-1-1:2004, concrete with a certain
compressive strength, also has a certain modulus of elasticity. In this same standard from
CEN the modulus of elasticity for limestone and sandstone aggregates should be decreased by
10 % and 30 %, respectively. Sandstone and limestone are quartzite aggregates. If, however,
the aggregate is basalt, an increase of 20 % should be performed. Icelandic aggregates
consists almost entirely of basalt (Technical Committee CEN/TC250, 2005; Porleifur
Einarsson, 1994).

It’s mandatory to follow the content of the standard, IST EN 1992-1-1:2004, in
Iceland in the design of concrete structures. The Icelandic national annex is used as a
supplement to the standard. It contains further instructions regarding the modulus of elasticity.
Therein it is permitted to lower the modulus of elasticity by 10 % or 40 %, depending on how
porous the aggregate is.

The focus of this research to determine if there is cause to reconsider, partly or
entirely, the instuctions given in the Icelandic national annex and are a part of IST EN 1992-
1-1:2004. To determine if reconsideration is needed, standardized testing of concrete
cylinders is performed, according to ISO 1920-10:2010 and ASTM C 469 standards.
Modeling of concrete cylinders in the computer program ANSYS is also performed. The
models that are considered are Counto‘s, Hanshin‘s and Hirsch‘s model. The results from
modeling is compared with results from testing.

Sample groups tested came from three compressive strength classes: C25/30, C30/37
and C35/45. In total nine sample groups consisting of 19 samples were a part of the research.
Most samples came from the class C30/37 or five sample groups. The results of tests
conducted on those sample groups indicate that the modulus og elasticity is around 36 %
lower than the values from IST EN 1992-1-1:2004.

In the case of ASTM C 469 tests compared to values found in the ACI 318-11
standard, the difference was found to be 18 %. The difference between test results of ISO
1920-10:2010 and ASTM C 469 was around 12 %.

Calculated Poisson‘s ratio for the sample groups testes in this research were on
average: For C25/30: 0,17. For C30/37: 0,18. For C35/45: 0,15. The average Poisson‘s ratio
for all compressive strength classes was 0,17.

Results from modeling were as follows: Hirsch‘s model had the most exceptable
approximation in regard to axial and lateral strain, when compared to values from ISO 1920-
10:2010 tests. The difference for axial strain was 19,8 % and 31,2 % for lateral strain, for
sample 201 and 202 (C30/37). In regard to ASTM C 469 tests, Counto’s model had the best
approximation for axial strain. The difference being 24,1 % for sample 201 and 202.
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Eg mun byrja 4 pvi ad pakka peim sem standa mér nzstir. bvi nast er peim pakkad er
komu ad rannsokn.

Dania Anfinnsdottir Heinesen, pakka pér fyrir ad stydja mig i gegnum namid i 6ll
pessi ar. An pin hefdi petta ekki verid hagt. Eg vil einnig pakka bornum minum Pétri Orra,
Toémasi Atla, Stefani Darra og Onnu Fiu fyrir innblastur i gegnum arin.

Foreldrar minir, pau Helgi Snorrason og Sigurbjorg Marteinsdottir, eiga pakkir skilid
fyrir ymsan studning undangengin ar.

Eg vil pakka leidbeinendum minum i pessu verkefni, peim Eypoéri Rafni Pérhallssyni
(Haskolinn i Reykjavik), Gudbjarti Joni Einarssyni (Mannvit) og Sveinbirni Sveinbjérnssyni
(Mannvit) fyrir leidsogn og framlag peirra til verkefnis.

A9 sidustu vil ég pakka starfsfolki Haskolans i Reykjavik fyrir ymsa hjalp i gegnum
arin og starfsfolki rannsdéknarstofu Mannvits fyrir ymsa veitta adstod vid verkefni.
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Takna- og heitalisti

Takn | Skyring | SI eining
Romverskir bokstafir
A Endaflatarmal steypts sivalnings (profhluta) mm’
B Breidd mm
E. Kyrrstedur (Static) fjadurstudull steypu GPa
Eq Hreyfanlegur (Dynamic) fjadurstudull steypu GPa
E Snidilsfjadurstudull (Secant) steypu GPa
E Snertilfjadurstudull (Tangent) steypu GPa
fe, f, Prystistyrkur steypu MPa
H Had mm
L Lengd mm
n Fjoldi staka -
W Rumpyngd steypu Kg/m’
Griskir bokstafir
£a Streita vid 1/3 af brotstyrk um/m
b Streita vid 0,5 MPa Lm/m
Ex. &y, &, Streita i x, y, z-att prothluta Lm/m
€%, &y, , | Hlidarstreita i x, y, z-att prothluta Lm/m
0 Rumpyngd Kg/m’
O, Spenna vid 1/3 af brotstyrk steypu MPa
Oy Spenna vid 0,5 MPa MPa
v Poissons hlutfall -

xxil




Fjadureiginleikar islenskrar steinsteypu
|

Heitalisti

Heiti Skyring 4 hugtaki / Enskt heiti pess

HVS Hefobundin vibrud steypa / Conventional vibrated concrete
(CVO)

HSS Hastyrkssteypa / High Strength Concrete (HSC)

TUS Tengi-umskiptasvedi sementsefju og fylliefnis. TUS er svaodid a
milli efju og fylliefnis, sem hefur lakari efniseiginleika en baedi
efja og fylliefni. bar sem pad er veikasti efnisfasinn, byrja
sprungur a0 myndast par pegar alag er sett 4 steypuna /
Interfacial Transition Zone (ITZ)

SUS Sjalfutleggjandi steypa / Self Compacting Concrete (SCC)

Syni eda synishoépur Syni er safn profhluta, tveggja eda fleiri.

Prothluti Steyptur sivalninur 150 x 300 mm ad utanmali.

EEP Ekki eydileggjandi profunaradferdir. A vid um profanir/adferdir
sem krefjast ekki eydileggingar eda skemmda 4 steyptum
mannvirkjum / Non-Destructive testing methods (NDT)

xxiil
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Mynd 1-1. Linurit af hegdun linulegs og fjadrandi efna. Annad efnid (Blatt) er stift og
getur tekid upp mikla spennu og streitu (Pad formbreytist) adur en su formbreyting verdur
varanleg vid flotmork. Hitt efnid (Svart) er seigt og formbreytist audveldlega undan mun
minni spennu (Mynd: Gudni Helgason 2012).....c..cocueriiiiiiiniininicnieieeeeeceeee e 2

Mynd 1-2. Steyptur sivalningur sem verdur fyrir togalagi i stefnu 6rvanna. Vid pad
lengist sivalningurinn um /\L , sem er lengdarbreyting i asleega stefnu hans. Pvermal hans

minnkar um AL‘, sem er lengdarbreyting hornrétt 4 aslaega stefnu hans. Skilgreining & streitu
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fjadurstudull hefur litla hagnyta merkingu. Graen lina tdknar snertilsfjadurstudul. Raud lina
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