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BETON BASI N¢ IDMA ABNOYWMUT VETICK®DPKRR E

¥ZET

¢i mento, su, agrega ile kimyasal ve/veya
karéektérél maséndan olukan, baklangeée-ta pl
kat él ak é pdaysaenr&tzbnanbesrt eokn |, kompozit ve yar é
mal zemesi dir. Yaygeén kul |l anéma sahip b L
bakénda basén- dayanémé gel mektedir.
Betongevrekb i r ydpdadcad nedeni yyVyekbabken-ekmgada
d ¢ K ¢ kmalbemedirBet onun baseén- dayanéeména naz:
- ek me day an ehssaplatua gemeliikée dikkate| € n Boaunla birlikte,
basén- dayadnmeemeéedaiylaen é m¢ i araasl&nhdraorany a k | a &
bul unmaktadeér. B un énneéd emil lei, n dbeakshéent- & &ddaieyijad ¢
dayadnemapegakl ¢kl erbilg edidlébknzkiedia d a

Baseén- dayanéemée dejerl eri g°z °ne¢gnde b L
nor mal dayanéeml é ve y¢ksek dayanaml & ol
dayanéemlé betonl ar, géenegmgzde en -ok kul
dayanéml é betonlara g°re -imento dozajl a
boyutu daha b¢yé¢k ol an nor mal dayaneéeml é

. retiektedibi | m
Ké¢p basén- ild:aNmn®é mei 16i0ndi r b &160eNYmN2 day an

arasénda dejiken betonl ar, bugeé¢n 1-iny,
Silis dumane, y ¢ ksek dayaneéeml é -i ment
malzemelerininkulla@ mé il e y¢ksek basén- dayanéml é
Ayné geometrik Keddeebogyahi pdehurmmesl dur ur
dayaneémé dejerl erinin °neml i °]1 - ¢de d e
deni |l mektedir. Bu konudaj egralpeen dainartad edn € Vi sne
boyutl arda basé@éméendhyaplemboyutl u numunel
de¢ kKt ¢ ¢, bel i rl i bir boyuttan sonra da
g%zl enmektedir. Bet on l i terat ¢ r gunad e b a
bajl eol arak deji Ki mi " b oy Betonda tbdyut stkisi, ol ar
b¢yéeyen hacimle birlikte, heterojen bir
artmaseéna bajlanmaktadeér.
Basén- dayanéména etki edeneybii rcidviareérn dfa
yerl ekememeden kaynakl|l anan far kl é bir
durum,betonun dayanéeménén bu b°l gede i -
alep y¢zeyinde olukan bu katmanén kal én
Boyutlaré k¢- ¢k numunel er de, bu katm

an
b¢yeéek ol maktader. ¢¢enkeg bu kat manén ka
Bu duruma cidar etkisi denir.

Xiii



Bu t ez -batdnéblokiaadanékese y ol uyl a ebdendekidi | en Kk¢p
numunel er de cidar et ki sinin azal acaj é Ve b
dejerlendirilebilecej]i var sayémeéebemn dayanmak:
bloklardan ke si | er ek -eékar tked ainl meu mu°nretl emidreek i pbaj |l é
ol utatailmatla én bet on baseéetkisiddaganarmenal mémaneér

L33
QD

K ma kapsaménda, ik akamada, ki far kil
|l erde alté farklé& numune ol ukturul muktur
ci bet on g neeéefoél ararkmad ¢ kdganyed M, Kt ¢ r . Biri
[ m agrega boyutu 12 mm Ve i ki nci b e
| mékt ér. Bunun yanénda, birinci bet on
nmekKter Y¢ekseki dhghaoapmés enemendakeid e
34t5:0r . kgDin er taraftan, nor mal dayane
daki - i mé'ntt or .mi e chea fél e2n5eOn kdga/yma n € mé n e
s, ksek dayanémleé Dbirincii boertaonné nsdéan ésfiélni
ilave edi |l mi ktir. Sonu- ol arak bu iKki
i-in 0,72, y¢ksek dayaném i-in 0, 33
°]l - ¢l erde pl aywood knalbéeptloanr yheadzi é rgl¢ann
czeri sul anar ak s¢rekl i neml i kal me
akamada beton kal éplarén muhafaza ed
otuz g¢n boyunca bekletil miktir. Ha
mer mer kesme makinel er i ile farkl e b
nda ol ukan tahribatl ar én bet on baseé
yebil mek i-in ise 50 mm boyutlu numun
rek heimmidneum adh¢rziebyaet €& nmdi ren su j et i
farkl & numunelerin karkélakteéermal é& ana
homojen yape sahip ol mayan Kkompozi
i nde bir-ok k ur dbetanl malzemesi aibii | i r . Do
j enDoyjaaplé dtaaielr a n katar dj-eendalsi ndeki f
nl erinin art maseée, azal maseé vV e mi ner
a nFakkialti r doj al takl ar én heterojen yap
| anamayacak kadar d¢ezenl i dior . Bunun n
umunda <cidar etkisine maruz kal mamaseée
nel erde birbirine yakén sonu-1|lar el de
i -inrdamkakékaryahamunel er de, doj al t a
benzer sonu-1ar é el @Benedeblentrikez bi r o ka
énda ayr éca, daha ©°nce yapeéel mécx bir
ménda boywttieat.ki si de irdel enmi
s érl anan numunel er deki
i s hakkénda bir-ok ve
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SIZE AND WALL EFFECTS ON COMPRESSIVE STRENGTH OF
CONCRETES

SUMMARY

Concrete is a widely used construction material that is obtaipedixing cement,
water, aggregates and chemical or mineral additive materials up homogeneously.
Cement mainly contains chalk and clay which are common in nature. Still actively
referred TS- EN - 197-1 standard categorizes twenty seven different cemetuts in
five main types such as CEM | (Portland Cement), CEM Il (Port2aochposed
Cement), CEM lIl (Slaggy Cement), CEM IV (Pozzolana Cement) and CEM V
(Composed Cement).

What is more, aggregad are classified in two groups which aegunal aggregates

and swthetic aggregates. Natural aggregates produced using none of the
synthetc manufacturing method=sxcept the mechanical processes (e.g. sand, gravel
and crushed sand and stone obtained by cutting rocks in crushing machines). Water
for concrete produatn, on the other hand, can be obtained via any drinkable water
source that is appropriate for ‘EN-1008 standard without necessitating any
additional test method.

Mineral additives used in concrete production can be defined as supplementary
materials mixd into concretemixture with relatively low ratios with respect to
cement content to change fresh and hardeneproperties.Furthermore chemical
admixtures also can be used in concrete production to obtain better fresh and
hardened concrete properties.

Concrete obtained through mix of aforementioned materials hardens as time passes
while it has great plasticity in the initial a few hours, which provides this commonly
used construction material flexible usage conditions. Concrete is a composite
material vhich has serdbrittle structure. One of the main properties of this
important material is compressive strength.

Since it has a senfrittle structure, compressive strengththe concrete is much
higher than its tenk strength.Hence, tensile strength ocbncrete is generally not
taken into account in reinforced concrete engineering calculations. On the other

hand, there is an approximate relationship between the compressive strength of
concrete and its tensile and flexural strengths. For this reasis,pibssible to
estimate tensile and flexural strengths of a specific concrete if its compressive
strength is available.

Regarding compressive strength values, concretes can be categorized as normal
strength concrete and high strength concridirmal stregth concretes are most
widely used general purpose construction materials nowadays. Their cement
contentis relatively low with respect to high strength concretes. Additionally,
aggregates used in normal strength concretes have greater radiuses tharieaggrega
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used in highstrength concretes. Nevertheless, production costs of normal strength
concretes are much lower than production costs of high strength concretes.

Concretes having cubic compressive strength changes between 60 and 1% N/mm
and cylindrical conpressive strength stays between 50 and 100 N/can be
classified as high strength concrete considering strength values of other materials
used nowadaysSilica fume, high strength cement and superplasticizer materials can
be used in production of higtrength concretes.

Test samples in different sizes reflect different compressive strength properties even
they have same geometrical shapes. This fact is called as size effect on compressive
strength of concretes. Experimental studies show that compresswgth of larger
specimens are lower than the specimens having same geometrical shapes with
smaller sizes. These studies also claim that recession in compressive strength of
concrete as the size increases falls into relatively slight values aboveettiicsp
dimensions.Concrete lierature entitle this effect as "size effec®ize effect is due to

the increased possibility of containing defects in the material when the size increases.

The other factor affecting the compressive strength is due to tipeoper
compacting of concrete in the vicinity of walls of a mold. This causes the edge part
of specimens to have a different type of concrete comparing with the interior parts.
The thickness of this layetook place on the molohteracted surfacess
apprximately a maximum aggregate size. For the small size specimens the effect of
this layer on the strength properties is higher than those of the larger ones, because
the thickness of this layer mot related to the size of the specim&his phenomena
isknown as fAwall effecto.

This thesis presents the effects of the physical dimensions and the mold interacted
surface qualities of the cubic shape concrete test specimens, which are obtained via
cutting of concrete blocks, on the compressive strength of dnerete itself.
Furthermore, influences of the defects, occurred during the cutting process, on the
compressive strength of the concrete are also investigated in the scope of the thesis.

Six different test samples are prepared using two different typesnafete at the

first stage of the study. First type of concrete represents thestrgigth concrete
where the second type of concrete stands for the natmesdgth concrete. Maximum
radius of the aggregates used in the preparation of the first tyjpmafete is 12 mm
while it is 22 mm for the second type of concrete. Moreover, first type of concrete is
in C50 concretestrength classnd the second type of concreteinsC20 concrete
grade Content of cement in the first type of concrete, reprsg high strength
concrete, wa450kg/m® where itwas only 25&kg/m?® in the second type of concrete.
Silica fume, %5 of the cement content, is added into the high strength concrete in
order to obtain desired compressive strength in the first type of cancrete
Consequently, water/binder ratio in the first type of conarete0,33 while this ratio

was 0,72in the second type of concrete. Plywood moldse preparedh different

sizes for the test specimens. Molded concrete blocks are preseedvet burlaps

which are kept moisturized by irrigation for seven days. Afterwah@sblocks were

held in a sunless environment for thirty days. Ready to use concrete blocks are cut
with water cooled marble cutting machines into different sizes. To be able to
investpate effects ofdamageoccurred due to cutting process on compressive
strength of concrete, test samp&s mmwere prepared using botimarble cutting
machine and water jet which minimizes théamags. Finally, comparison study is
conducted to expose loénce of cutting methods.
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Concrete might have many defects inside since it is a composite material not having
homogenous structure. Hence, it is a fair assumption that we would have defects
inside the test samples we prepare during and before the expisriméhe scope of

this thesis. Natural stones have also heterogeneous structures as concretes.
Heterogeneity of natural stones comes from increase or decrease in amount of
different mineral components inside the stone or change in dimensions of these
components. On the other hand, heterogeneous structure of natural stones are much
ordered than structure of concrete. Most important reason for this fact is that natural
stoned are not exposed to wall effect during formation phase. Most probably,
different test samples taken from same stone give very close results to each other.
However, it is not reasonable to come a same conclusion for different specimens
taken from different stones belong to same stone family. In this context, subjected
thesis also investages size effects on compressive strength of natural stones which
was found in the literature.

This thesis presents highly valuable data that show how defelstsin prepared test
samples during experiments affect compressive strength of conaseteslias the
effects of cutting process applied during the preparation of specimens, which is an
important issue in the coring of concrete
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1.GKRKk

Basén- deneyinde Kkullanélan numunel erin
czerindeki te@rké Il ma sean ialh ¢ taqg mzéhé iat 6 k maya kol

ol nuukr . Konunun ©°netftaian alkkuag tledlaa rkdeasm ckaa yan &k

Far kiludara at st andartl ar da baseén- dayaneéemeé
numunel erin kdadflair&kn &€ d¥bmoy@eABRR'rcee basén- d
150x300 mm boyutunda silindir numune kul |
150 mm boyutl u kmpe@kthnaurmunAkv lestarsalaylaéd nSt and
Kr al | éak d®tnadmd k a b u [1508300mim &ayutunda aillkndirinumene

beni msewmr luimuzda kull anél an TS EN Bet c
Standardé 15x30 c¢cm boyutlu silindir veya

numune ol arak °ng°rm¢gkt ¢r .

Géeneég meg z khaartd jalr @rndbaonknd £ k -danak8itamragrga boyutu
25 mm''ye ©°zell inklee bydlonekk ad a&jkRasmhdx r
daya)eifeanmye kadad ¢ K ¢ r ¢l mE gt ¢ren maksi mum agr
bajl é oPardksatipkg@e numunel emmdd eormmypnyéd @ 200

- e ki 159300 ,mm'lik standartisl i ndi r numunel erin yerin

kull anél ar akbolyuGxah@® k mmnumunel er al méxkt
kokul dam@andkeg - ¢ k kapasiteld]l basén- deney
kalite knt r o | i -in daha az bred munn ekl aerr & kné mté a Kk

a-eéséendan ° namdutumdaecamaéklt dmeé&ddienn egygareu i namree "

boyut etkisi”™ nin anali 4k kekilde bilini
Veril en y¢kl eme knoar (kdlohlair)éinlkdaaz € nadkaé ybeectéo neul r
dayamém bil i nmesi i - inye ifadesiyiradergeysel vefilerld b oy u
a-ékl aokhovmakur ul maseée g er e ktnaekkétyeédciér . e | Be®nyal

keyasl andeée] endak ¢b-ogl tlehey mémunerinderubelirlenen
baseén-, -ekme, e] i | me yec éanlgrdaai yerthdey a n € ml
dej edbhénrni geremayeth K e kvilekliderebilecekttAncak bu «kKeki

dekenegl deg] ¢nde iszerinde deney yapeéel an n



kaynakl @ ol arak basén- dayanémlarénén da dej
a-eéklanabil mesi, daha ger-ek-i sonu-1|lar el de

Butez- &k mas & Kk a péscaaméinkdia abnaak | uBuslardan birimcidie | e n mi K t |

basén- ndekue ghéelkiggnumunel erinbdos§uout | adragrmaenre mé

czerindeki i lkitkeil £iri i1 se numunel ebraisnéenkal ép d
dayanémé ¢(zedri nGeghkgmeet kfbelemols@jki sdandngaen éy ¢ k

bet onl ar én lgakdleajeek Yaygeée tutul arak ©°zell ik
dayanéml é betoAyméc&kublbanal memhékapsaménda
betonl arénémku? hamBEl mébs &n il jokrl ame dhearlii nidee h a z
beton numunel erin kada&mp ldealjesar gligmasyd eir-iinn ny a
i Kl eml er i séerasénda olukacak tahBumubatl arén a

yanénda etkinin d¢k¢gk dayanéml é 620t onl ar dak

sénéféenda betonl ar ¢reentméknié&r .ve ayné deneyl e

1.1 Beton
¢i mento, su, agrega ile kimyasal ve/veya min
karéektérél maséndan olukan, baklangée-ta plast

kat éel akepayam&memamneli r yapé mal zemesi dir.

Tariht e beton benzer.i puzol ani k mal zemel erin

Piramitleri, ¢in Seddi, Pant heon ve Ayasofya

1812 vyéléndan Loluksydpawntdi mentoyu ¢retmesi )y
t areish- 1824 yél éinBoal alnods efpihmeAnstpodsiunnbu  gel i Kt i rm
etmi ktir. Uzun yéllar Port| adad yotardmment osu Kku
binal arda waarldké€lpmgktede Betonun tarih-esind
takl aréendan blirkme bDbeWlrtl@B8ma@®| Endhazer bet c

cretiminin ya@eé Banasorga, bulyeai sanayikia gereksinimi

ol arak betonun nakI: ve yerine yerlextirilm

gel ikt vei lkdul | anél maég ay édlalkd rean dogeet loibrdi0]'ii mant o,

agrega ve su déekenda bir bilekxken daha kateld
teknol oji si Il e birlikte bpglkseoluzibérmaamnkc mallt
silis dumané vb.) taze ve serdle&kni & vbetbaon °
mal zemel er de Aminer al katkeo adeyla beton
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Ter kbieyen'azér bet oni 1i98d) iyleK | alrar aak als®hid a L

taraféndan kendi inkaatl ar éndBh9 X4l y alné&n ar
TSE taraféndan il k hazér bet on santadn d ar d ¢
2001 yélenda revize edil mik ve 8 Aral ék

tarinten itibarenise TSEN 206 st andardé yg¢r ¢r |l stapdard gi r mi
g e - e (TS R0 versiyonu)

Betonu g¢é¢negmégzeéen en yaygen® ztedddaykdoed iy ap ¢
ucuzlhijlugi sayar k ont r ogdetley, pompmalart vealerzerir |, t

ara-|arl at agriaeeéd i ynevreieekt i r ma bBggphkl agred n &k me

sajl anmék ol maseée; Kekil verilebil me kol e
yet er sidzlnigjeil minme s i ; y¢ksek baseén- dayan
ki myasal dék etkilere kar ke fiflaip@mesik| el €]
ve pigment kull anéel arak renklendirilebil:

1.2BetonunB | ekenl er i

¢i ment o:

¢i mentonun hammaddel er i esas ol arak dofj
Kal ker ve kil bir mi kt ar kuml arbi Fhr knhed
fér énda 1450 UC sécaklekta sinterl ekinceé

renkteki fendék veyl2coeaal zemegyeg khk] indel

Klinkere %3-%5 or anl ar énda al -étakeée i lodgland edi | ¢
¢i mentosu el de edilir. Halsamnydamr greln@lnt & a
27 farklé& genel -imento 5 ana tip alteéend
¢i mentosu), CENMMpoze Phbirmémana) CEM 1|11

CEMIV( Puzol anbg ¢em€&M V (Kibmpoze ¢i ment o)
Agrega:

Agregal are 2 grupta toplamak m¢gmkegnder

Doj al agrega, mekani k i klem dékénda her
mineral kaynaklardan elde edilen agré@di kaynaklardan elde edilen kum,a k é | ;

doj adaki kaya-1larén konkas©°rde kéreéel masé
Yapay agrega; ésel veya didred,styl glmama
sonucunda ekl edi l en minenglikkekerléir € apgriceg g ar.f u
hafifagr ega)s & gi bi



Betonda genellikle doj al agregalar kull anéel é

Knce agrega: 4 mm. el ekten ge-en agrega

Kri agrega: 4 mm. elejin ¢ste¢egnde kalan agreg
Agregal aréen betonda kullanéméené belirleyen |
ajeéerl éekrl @kgye apéeemme, grang¢l omet r i (tane ¢
Angel es) , tane Kekl i-- °(zyd srseé | gikr wilikad e kwse ) al d

reakti flijidir.

Karma siyu:

TS EN 1008 glre -1l ebilir °czelli kteki sul ar
duyuma k s € z & n beton imalinde kullaném i-in uy
dékenda beton karma suyu ol arak kull aneéel acask
al kal i, Keker, fosfat, nitrat, Kur kun, -0 nk
belirtilmiktir.

Kimy as al kat kel ar :

Genel anl amda; taze veya sertlekmik betonun
karéktérma i KI emi esnasénda betona, -i mento
edil en mal zeme O0oTSEN®DM2 tan&md amddaké mPasal K
sénéfta toplaméxkter. Bunl ar ; su azaltecel ak
azalteceéels¢per akékkanl aktérécé katkelar, p
hava s¢regkleyici kat kel ar , Ssu ge-hezaeaseée zI1 i Kk
arttéran katkél adlrerve -ok ama-1¢é& katkel ar

Ki myasal katkelarén beton yapéllaurechujduwr abi I i
bilinmektedir Ki myasal katkeéelarén geliktirdif]Ji 0 7 €

sékékt éer el masyélnedkal asra ] |saenratnl ekkomi aktmahvet onun ge-

donma -°9z¢,l me dayanéméneé artérma ol arak saye
Bet on Standar déna gere, bet ondak&tudd anél ac
i mal ©t - ésé tarafeéendan ©°neril ekulelnanfémd mé nmi k

beton performans ve dayanékl éeléejeée ¢zerinde

1 kg -imento i-in 50 g'é& ge-memelidir. 29 I
kull anél an ki myasal kat kel ar én kwnél anéména,
karéktereélmasée «karteéeyla izin veriBir. Séve |
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beton i-in 3 litreden daha fazla i se, b

kat kéda bul unan su mi kt ar é di kkat e al e

har malrmé kul |l anél mhas&adkedvmaurda,bi rbiriyle
deneyleriyle kontrol edilmelidir. Tazeebt on k év a mé S4 olanV 4 C:
betonl ar, y ¢ ks ek oakainkdkaa nkl vanky aésr bekceck at k € Is g
edilmelidir.

Kimay a s a | kat kel arNea34Kd g lalsia k II &etdn k EHbaa & vV e
kerbet i -in standarB standandda baekaj édas

bul unmaktader .

Bl ¢-Be2on Katkel ar é

Bel ¢-MaB8- Kat kel ar e

Bel ¢-medbet Kat kel ar e

Bo |l ¢ bk ¢rt me Beton Katkel ar é

TSEN9342 akajédaki tiplerde katkelaré i-eri

-Su azaltéce [/ akékkanl aktérécée katkel ar

-Y¢ksek oranda su azalteéecé | s¢per akékka

-Su tutucu katke

-Hava s¢re¢gkleyici kat keé
-Priz hézlandéreéeceée katke
-Priz geci ktirici kat ke

-Su ge-irimsizlik katkeése
-Priz geciktirici/su azaltécé/ akékkanl akt
-Priz geci ktirici [/y¢ksek oranda su azalt'tt

-Priz heézlandéreéeceée |/ su azalteéece |/ akeéekka

Kul anéeémda ol an éOSIEN®342 tii pe rkmd rheeld taedi-r , f ak

16g°re uygunlujun sajlanmasé karteéeyla kul
Bu Katke tipleri;

-Korozyon °nleyiciler



-R°tre engelleyiciler

-Su alte beton katkel ar é

-Prekast beton katkel ar

(o]l

Bet on ¢retiminde yaygén ol arak kullanél an ki

séral anabilir:

Su

Bu

(

y
i

Kk
¢
t

ay

h a

x o O

n 9

u

K

n

o

e

azaltecée | akéekkanl aktéreceée ki myasal kat k

kat kénén I Kl evi , s u mi ktar éneé dej i kKtir

évaméneée) Bar tktaéd kmdlktréer-.i mento tanelerine ng¢
kl erl er. Teém taneci kl erin yéekl eri ayne ol c
erl er. Bu sayede, -i mento ve agrega tanel
reca -imentonudnd ok plplakd men)masLeal endi Ji nden

psolkmuka mdaa yaorvtecakb@t on daha homojen bir yap

Kiemétnk eébi r dijer kull aném amacé i se, taze

(¢

rmeyen referans byetpoen aa bgriedestesridea leb uaz s u i

D

ri Yawsleardalkiyaneml arénda artéekeén sajl anma
kat kel ar i ki grupta toplanabilir:

Nor mal veya orta su azaltéceée/ akéxkkanl akt ¢
ferans bellDolankagRéeka® 5Bu katkeéelar hazér b

efabrik bet on endg¢gstrisinde bet ona ake

Il 1l anél makt adér .

Yé¢ksek oranda su azaltécéls¢gper akeéekkanl

~t

keséez refer &nsd 2betlama kadrkeeleam .aBu kat kel ¢

—+

endijJimrd&kenygdkasyakn é m , i sstuenge- iyermsdarzdea k i

0]

manl arda, erken kal ép alénmasé gereken ye
tutucu katkel ar:

kat kel ar tazeerbledadmen)d aa mall tkeucsemakya&t k(é&l ar deér
l evi de, d¢ K¢k har - fazéna sahip ol an be
gel l emektir. Bunl ar suyun viskozitesini ar
moj en vV e I Kl enebiilpr k datak &l agetbokIrdlesuz Bh

ndilijinden yerleken betonlarda ayrékmayeée



hafif agregal arén karéekém i-inde homoj en
Su ge-irimsizlik katkeéel ar e:

Bu katkelarmgmengefjliemek i-in tasarl anmécxl
ana bil ekenleriyle reaksiyona girerek K
durdururl ar . Bu kat kel ar bet ona bir mi |
dayanémén azkaullnhaamaéshe® id-@izrajs@&m bel i r | i bir
akmamaséna di kkat edil melidir.

Hava s¢r ekl eyici kat kel ar :

Bu kat kél ar bkeg -onk by nywBtshimn-deg0l, €0)2 yapay

bokl ukl ar é ol ukt-u°zaglarke bda yhaénméBentmean t h € k
bokl ukl ar é&nd a%9danargaenn ivkel ehyaecnrmisu, ol ukan bu
i -inde genl ekerek betona bir zar ar vern
havaal ané pistlerinde ve b&tanzdorma? zcg K meu z

etkilerineka k € kBuoukbhtankeéel ar betonun i kKlenebil i1

Priz hézlandérécé katkeéel ar :

Bu kat kel ar -i mento il e su araséendaki
hezl andeérar ak, hi dratasyonun hkdeanlegni gel i K
sajlarl ar. Bhua vya¢dzad elne tsoon] udk® k ¢ m¢ sBur asénd
kat keéen ¢retici firmalarén ©°nerdiji dozaj
Priz geciktirici kat kel ar :

Bu katkélar -imento ile sunaradosémygalsieyt e
s¢resdgi2znisaat arasénda geci ktirirler. Bu s

Bu kat kéel ar sécak hvav asdoa] ulke tdoenr zd °okl ¢unkenmads

durumlarda kull anél ér .

Bkrden fazla katké biedrka@&dar ol lbamdélimd e
sorunu oraya -eéekabilir; Kontrolddinelidim@&eonk at k &

e
n

kat kel ar éneén per f20r man s & eatfdSaknaBENk é B &8 A € n e
s

fonksiyonl aréna ve - i fetkilermegklirlei kkoantt k &ll a reé&!
Ki myasal kat kél ar én performanseé referans:c
(ki myasal kat kel &) kont r[g.l karéekéemeéeyl a (|



Mi ner al kat kél ar :

Géenegmegzde beton teknolojisindeuerkegdok skdlilsar

dumané ve gran¢le y¢ksek féerén cegrufudur. P L
bajl ayécé ©°zellifji ol an, i nce °J¢tel dekl eri
girerek bajlayéceé °zelli k kazanan mal zemel er

Bunl ardan u-iwceu ekdgll;mipku lawmetrr as i telekttki nyi t vey:
cretim termi akanhdeéejaé | dregrecd ar én baca gazl

taneci klerin elektro statik veya mekani k yo

450) . U-ucu k¢lr-asaenentanak bi memptao fabri ke
ekl eneceji gi bi ayré bir bileken ol arak bet
U-ucu k¢l , taze betonun i kKl enetémebboyurul i Jini ar

dol ayeséyla betondakidomdht amak bekobmkhage-.
arttAgreca puzolani k reaksiyon sondcu -i mentc
H el emanl ara ben3grfygtapetadi péeuxktezararl é& ki my
agrega reaksiyonu gedbgamékkeel apékarkéeebert o
bet onda Kull anémé, -imento cretimindeki y a
mal zemenin dejerlendiril mesi a-éséendan ¢l ke

zaratrélk malazzeanhenlaesreinma da yardémceé ol ur.

Gr anysclkesek f érdemir-edri kf wriede yjng kabki karandadapi

demir el de edil ir ksilsyundtlieksiivre code vah e rmi niy-uimm d e loik
I -eren gayrisafl ekl ar én fasywoksitt acaf éhdaak ka
bajl &@anmaosnucu ol ukur . C¢éruf unsohueuereaz - ek ekeénd
2/ 3 oranénda camsé faz i-ermesi gerekir.
Silis dumaneée i gemalsaikléinsl yauwng nveen fearerta mi séras
feréenl arénda y¢ksek saf leskt askoin ukcwyv aerl sdeen ekd®i nh¢
i nce taneld] baca tozudur. ¢i mennewmldpan yakI|l ack:¢
(ortal ama @ agrega i-memret o0, Mlamuru ara y¢zeyindek
dol durarak y¢ksek aderans vengre-dayamséem|vd& s
s¢l fat, kl or ve dijer ki myasall arma karké de
puzol andér .



13Bet onun Mzlkkern i k ¥

Beton kompozit vey a r &€  birenvalzesmkedi . Betonun kendine ©.
Zzaman Ve y ¢ Kk ge#rmBet oniulne miekiamk ikl i 8z el
bahsedil dij i nkten u°nn bpalseééma -déakyaam é mé ve def

l4Bet onun &Bysreéamé D

Beton gevrelbiry ap &€ mad |lzneaesksssiiecbo asén- yYagksaekmé-ekm
dayanéemé d¢kg¢ kBettmunbamahzethaganéména nazatr
ol an dakmmeme bhesamlaameéa genell i kle dik
czerinde durulan en °neBdtiorfwerlbagén-bada)
ejlime dayanémé aa aséimnalaa bulynarkal kat kaédke r d Bu n¢
basén- dayaneéemeée- ebkimea n\edjap jaindariep gradkel , ¢ k1 er
h a k k & bildiadilebiémektedir.

Betonun standart basén- dayanéméz usnuldua us al
300 mm olan silindirik numuneleritek eksenlb aséayanémé deneyl eri

edi |l en &bfesapw-nléar | a

Deneysel uygul ama kol bkkemjeddamekdyhakl!| &
silindir yerine -ojunlukla 150x150x150 n
ve silindirnumuned r ar aséndaki I | ibik-koikkgineyaptapgamieél
Yapél an busorwcad dedak,mas ialri ndi r dayanéméneéen |
ortalama 0,8@ , 85 ar as &spd ediimedin&kwajrk én bir-ok num
oranéen 0, 70yerckad.atBuw ¢skur,j pdag °i08pgbidayaneé
bir katsayé ile -arpélarak silindir daya

o | ma wiliarjektedir

T Son yéllarda yapélan bili msel -al exkma
numunel eehe gafkélkdl & sonu- | Bursebepter di J i
dolay é 25 yeél kadasnt ahdaesi mamkadarl ar a
benimseyerAvrupa Beton Komitesi (CEBYle AmerikaB. D. gibi silindir
numuney.i standart bet on nBuman wereits | ol a
edilmesindekbelibad € nedenl er akaj éda séral anm

T Kép numunesinin y¢gzey alané ve dayan

b¢yek ol dujundan, kérél ma ye¢ke¢e yakl ak
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numuney.i kermak i -in dahampkkoaeki hkapasi i e
duyul maktadeér .

T Képen keskin k °dee (refrtiknadyen a b lg @ ¢ lontear a k k ©
b°l gelgemriinde y€Kmadlktad deré ol

T 15x15x15 cm | ik bir k¢p numunenin kal ép d
ve 15 cm -apéneéea bir(ayhéndiaci mdnumuneni

yézeyine exittir.

15x4x15 = Yx15x19.09
o Bu b¢gteéen exkit haci mdeki k¢e¢p ve silindi
o Silindirik numunenin -apé Kk¢gp numuneni
(Y)
0 YXYXY=Y3=(YXYxH)xh/ 4 | ehnadciijmlnedre ek i
o h=4xY](Yx8) , h=4xY/ Y
YXxXYx4 = YxUYxh kal ep dejen y¢zeylerin exi

T Betonun kal ép y¢zeyine dejen bo°l ¢mlerinde

kaynakl| & o (cidar etkisiiod wxumalkarad éer

T Kép deneyi nidke -kaétrléd kmaa regfnve arthrakidevans € i | e ba
edenbu -atl akl ar numunenin bir piramit K el
Eksenel baseén- alpiérnadmaikti k ee &l émwuemeEme nniend e n
basén- dembld aimléect mmimmn e ¢ ratr amsmendleark i olsuk an,

yé¢k eksenine Wi k kuvvetlerdir |

T Betonlar basén- dayanémlareéna g°re ¢- ana

T D¢ K¢k dayaneéml é bet onl ar :28erB azs d@an - dayane

betonl ardér .

T Nor mal dayanéml e bet ornd0a\mnt aB acké&n - dayane

betonl ardeér .

T Yeksek dayanéml é betonl 8fenfazRalanén- dayaném
betonlShrder |

Bu tez kapsaménda nor malbetdmsgead mlag ene ny bplas &l

dayanéméndan bahsedeceji z.
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141 Normald ay a n etamlag b

Normalday anleent @énl ar ,emg¢chghklaadel an genel ama -
Yo ksek dayanémleée betonl ar aveg®k el |+egareelna no

-apeé ortal anoalsaén dnachramahb ¢ yd¢aky a n € ml édaaet on |

d¢ kK¢ k mal ibiynektedire ¢reti |l e

Basén- dayanéménén artmaséyla beraber S
Nor mal dayanéeémlé& betonlar bina, yol, k°pr
gbi, pek -ok alanda kull geréi mamkrbekgidare, Be't

c¢steéen niteliklereaesamiop maet admruyguangsgal €t iblest
herzamary er bul[f6p kt adér

14 2 Y¢ ksek etoalgranéml e b

Bet on t eknol oreiparalelio Inar @&l | kmteasy a -ékan y
uygul akimyass&s e ve miner al (°zell i geélei weneli sr d
liflerin Ko mpozidl uka pé& ukluna saénnédamas el € wmegkdal
dayanéml énolbentad nlbaert onl ardan daha ¢steéen i
sahip bHEHLronl arder

Kep bdagandMeNnm®d silindir bal®®ENmn? dayan
araséenda depugenyphplksohl|l dayanémlgierldnet onl a
Silis dumaneée, yé¢ksek dayané mmazemeleriment o
kul | anémébaisldeparymalkés elkket onl ar ¢retil ebilir.
sé¢per akecledmar dmat é@i r |-iikmeen tkou | ki d&amuedl umtadsag r |
dolarve kél cal -atl|l aklazrad e+ o kv eb glsitreoni nb akseekn
edilir. Bu - al é k-mamdedddoa] énén %5 i oranénda o

dumadnaénn yar afb7lanél mékt éer

14 3 Sil i ssidluimancu bammeénul gtuk alm@ al anl ar é

Silis duma@ silisyum metali veya ferrosilisyum (FeSi) wml@la@é ¢retimi
sdasnda kullardan elektrik ark faelarnda yksek safiktaki kuvarsitin Rmg¢r ve
odun paradklaré ile indirgenmesi sonucu elde edilerok ince taneli tozdur.
Fealam d;, kk sxakkktaki ¢st Pl¢gmlerinde SiO gaghava ile temas ederelédha
okside olur ve amorf Si©olarak yq unlakarak silis duma@ bilekiminin hemen

taman@ne oluxturur. Alak edaki silisyum ierijine bdlé olarak silis duma@ndaki

11



SiO, miktaréda artar. Bu miktar silisyum metalinde %888l r&Silis dumagkatkadée
-imento ve Dbetonlar aksek dayaan ve dayaiklé&k isteyen yerlerde
kullan@maktad.

Uygulama alanlarolarak yerinde ®k¢lm¢, weya prefabrike gksek dayaamléveya
erken daya@mé y;ksek beton elemaniarg réak rinaya maruz d emeler ve yol
kaplamalag erozyona ve oyulmaya maruz hidrolik fap, zaralé kimyasallara
maruz betonlar, deniz ydaré y¢ksek dayaamlé hafif beton elemanlar, beton
elemanla;n onaamé ve ¢ lendiriimesi, -elik donagné korunmag§ y¢ksek

performang-imentokerbet ve &alagsaydabilir. [14]

T¢rkiyede silis duma@ Antalyadda Eti Elektrometalurji A¢. tesislerinde elde
edilmektedir. Ferrosilisyum ve silikoferrokrom baca tozlatarak y@lé& ¢retim

miktarlaetoplam 1.00€2.000 ton aramda d@¢ikmektedir. Buradan eldedilen silis

dumare1980 li ydlaren sonlaendan itibare °zellikle ¢niversitelerimizde imento ve
beton katkmaddesi olarakextli arakt&malarda kullaB@meéte [22].

1.4.3.1 Silis dumanénelAzecéli ohbter malkareit kifiezi

¥ zellikle gen yadardaki betonlarda iri agrega taneleri ilementb hamuru
aragndaki arayzey Blgesi hamurun glier PPlgelerinde daha z@&. Bunun
nedenlerk §le sFalanabilir:

ATaze betonun terlemes¥asnda iri agrega taneleri alida toplanansar a y ¢z ey

belgesinde s/ oran&sméy¢kseltir ve baluk y¢zdesi atar.

AGene ayanedenle-imento ana bilkenlerinden kalsiyum silikatlan (C:S, GS)

hidratasyonu sonucu ortayalk&n kalsiyum hidroksit (CH) kristalleri bu®lgede
daha Ry¢ktér ve miktarca daha fazlad Hidratasyonun bdéca ¢éréngé, ve hamurdaki
esas b layeé madde olan kalsiyum silikat hidrat {&€H) jellerine oranla Cléhin

bg lay&dé dg eri-ok daha azé. Ayrea kristallerin boyu py¢d¢kce toplam yzey
alaréve dolay=éile vander Waas kuvvetleri daha da z@jar.

AKi agrega yzeyi boyunca ka@taneler-eper etkisi nedeni ile daha gek bir d¢zen
i-inde yer a¥lar. Burada hamur luk orarédaha da artar.
Arakt@émaddar silis dumae katkesnén beton dayadmé ¢zerindeki olumlu etkisini

daha ziyade agredaamur aray ¢ zeyi ni k uv v dlamhaktaddar. r mesi ne

Bazdar@a ¢ re -imentonun %186 yerine kaédé hda ortalama hefimentotanesine
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kark ré iki milyon silis dumag tanesi girmektedirkce silis dumare taneleri ara
y¢zeydeki beluklarédoldurmakta, terleme azad'i-én agrega taneleri ghda daha
az su toplanmakta ve daha gdg@an hale gelemamur ile agrega taneleri asadaki
fiziksel aderans artmaktad Sellevolda g°re - ok ince taneli mineral kaéar -kalker
tozu dahit -imentonun ilk yalardaki hidratasyonunu @land¥maktad .Ayré&a bu
t¢r ince taneler CH kristalleri-in de daha fazla sé&la -ekirdeklenme nokta&s

sg ladklarandan aray¢zeydeki iri CH kristalleri yerine dahg k- kleri olukmaktadi.

Bunl ara ek ol arak silis dumand&eaprizalend on ¢ z
S¢resi iczerinde kendi né katkg®-sneneor hareuklad e d i r .
genellikle daha ge priz aklar. Katke miktaré -imento § ré& hedé %1Gunu

ge-medik e bu etki®nemsenmeyebilirKullandan al€ kanlatgeaekatkdaran da priz

geciktirici etkileri olabilmektedif8].
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2. BETONUN BWSNINMI DIA ETKRKE¥RNER

Betondara&adam en °nemlidavyagyamedéent rBunibma:

bet on basén- dayanéméné bulmak i -in wuygu
buunmasé i -in uyg uwahabnaasni tyt®inrt.e nHeemedne nh e me n
tasaréménda, beton basén- dayanémé kull a
ve yorul ma gi bi dayanem tg¢grl eri i hmal e
ej il me dayamaskk@éakha ol sa bir korelasyon b
basén- dayanéemé bidayangm hakagdkIrglel erdii jhe
elde edilebilir. Ba s é n - dayanéménén bilinmesi, bet
nicel bilgi des aj | adnéafk.tnepbenhonun basén- dayanémén

bet ondaki su ge-irgeaol ay édsacy am E §old édlud jluénnu
o | d uj arehaetmektadir.

Betonbg én- dayanéméeneén eladned aedi |dneenseiyn ey °yn°t nee
ASTMC31veASTM C 3906da veril mektedir. Bu ko
benzemektedir. Standart deney yo°nteminir
belirtilen standart silindi Bevegmwankbhps e

dayanémé beton bibhéleikehl epar dameatemnelae rdlae i
kapsamda betonun dayanéeméeneé etkileyen f al

a) deney y°nteminden bajemseéez faktorl er

b) deney y°nt emi i le 11 i kkildi faktorl er

kokul tanén baké, deney anéndaki ortam sé«

2.1 Deney Y°nteminden Bajémséz Faktorl er

2.1.1 ¢imento ile il gildi faktorl er
¢i mento cinsi ve mi ktaréedbgsaaem|l édayameme
52,5 gibi)ile¢, r e tbielteoemun dayanémé, ¢Peéet 4 Rae Bg °breet B 6

daha y¢ksek Agr@cakt-éirment ol arkéanj | i doladrass

bet ordlaggraéhre mima n éfiariknldee or anl arda artar. P
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bet on dayanémé -4imemitondaelkbikectmifiawaeil i ¢ i ne
bajl édment onun 4 am8 GBS, iGAeve €AR) CsEemken ( C
dayaneéesnajCirlkeerni yakl ardaki . d¥y&8emd&ni sior uml
il e yapélan betonlar dahauheénr!| @° "damlain édna Karza

bir miktar daha k¢-¢k ol abilir.

¢i mentodaki dej i Kk eanday k h e g yDinld italogyirers. @ ¢ iy an éma o n
tasayamel ér ken daha y ¢ ksseenle Il iadniar-. dAaymeé € mli ot
-i mentealedrlédrkl eribrigkatyial di°kleerdiejfi&aebi |l di]i g
¢ r et i kasmanlabamlmaddelerd , bunl arén oranlaréndan, ya
i Kci dokage farkl|l él ek g°steoynheamebketenté ment o Kk
dayanéemlarénda %5 meirdt ebalcarfiénde hdm jni widmd me |}
dayaneémeé czerindeki -imento deji kkenliJini

betonlarda nor mal dayanéemi mebebokbaraeg?Prde,

mi kt ar én da ©°nemi b¢ye¢kt ¢ rimentd hameuntno dozaj ér
hacmi artar.An c a k dayanéem ¢zerindeki asel et keni
unut ul mamal edér . Bet onda, -imentonun hidrat
kull anél acak su miktareé zamanla buharl akacaj
nedenl e, -imento miktaré tek bakéna etkil:] d
su/ -imento (S/¢) oranmefhhemmi Bt are¥ér Hambart
ol acpemakt ader . Bu nedenle -imento dozajé& be
(hejin 50°kglmi kl e rB§e-tramnléalelddmuik anl e - ek me
dayaneémeé azal maktadér . Dijer yandan y ¢ ksek
tanel erinin birbirleri il e ol an t emasé Ve
dayanéménén atrarmagémannhedeozaj €, agreganeéen
il e yakéndan il gilidir. Genel ol arak agrega

kapl anmaseé gereken yézey fazla olacajéendan
¢i mento miktar é&neé nmadde hamwunuylaegjreergi a n ébna jel taryaéfcéén d

t¢em bokl ukl aré doldurmaséna yetecek «kekil de
b¢yeéek boyut umimmumdogagiaej le+é, d¢egkmektedir.

¢i mento dozajée i-in °nerilen bir imiinumum de]
ve donaténén masléaemaddnd akmakun -in gereklidi
boklukla ilikkilidir. Bilindif7j.i gi bi bet on
akaj edaki bajéenté ile hesaplanabilir [3].
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A
Cnmin= o (21)
D

Bu bajAémtigda&kat sayéyé go°sterir beegikenel | i
agrega boyutu

D= 31,5 mmm76ikg/nive C
D= 16 mpn=316kg/m C
olarkk hesapl aneéer .

'l kembeldier | i -evre etkilerine bajleée ol ar

mi ni mum dozajl ar Dkauylalnaénméal matkd i@z &jd e o | mak &

su/ -imentounuvubaobkEmdihdugder

212Kar ékémdaki agtrlerglaeril e il gili fak

S/ ¢ oranée dayanémé etkileyen en °nemli f
°zelli kle betonun -ekme ve kérélma °zell
agrega parametreleri, agreganeén grang¢gl om
Klkel i, tanelerin y¢zey dokusu, dayaneéme,

mi ktaré gel mektedir. AAgregao konusunda
yapéseée doj al ol arak olukmuk - aké@l ol mal a
elde edilmelarne baj |l eédeér . Doj al -akel daha dg¢z;q
k°kel i bir yapéedadeéer. D¢kéek S/ ¢ oranl ar é

kéer matak agregal ar daha y¢ksek beton da:
arttek-a kaybeton. kA&Anemé&ml areée exit i KI ene
hale gelir. Zir a, d¢zgen yeézeyli agregal
S/ ¢ omaméheér ve zayeéef adgragaBaanegkansghi
dojrudan bet oiretkier. Betomkpnapasitegienitincenakla gelen taze
beton kompasitesidir. Taze b &impasitedero mp a s i
farkl éder . Taze ®betond&lbimpkat & e 8§ ignehd mmi)n
kapl adéhacmmt bakfl.t opl amédeé

213Su |/ ¢i mento orané

Beton ¢retiminde kull anélan yojurma suyu
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ki myasal reaksiyonunu baxkl ateéer. Kum ve iri

I Kl enebil me yetenejine sahi puygudmidasgdga né saj |l ar
su kull aneéel mal éder .

Suyun en uygun dejerden az veya fazla kull a
Suyun en uygun dejerden az kull anél maseé, i

bokl ukl arén artmaséna nedeseobatapnda#danbsake
mi ktaréné arttéeracajéndan zararl edeéer. Genel/l
Hi dratasyon i-in gerekl:/ su, -imento ajerl e

-i ment o(CSH)mealassréinda kal ac ak aadhseosraphl aa nkreetké Ijéerls

gerekli su, ancak %225 deyar makt ader . Ancak 1kl enebil mi
i -beatona katél an ek bhsiudrmddernyioynl ei,- i $i/ ¢g earekreé
yé¢ksek dej eUVy gul aantaédra S/ ¢- %605 umantl akE adaXselr .
Hidrat asyon ve jel yapé i-in gerekli suyun ¢st
buhar | akbaertaokn i -inde kel cal ol an bokl ukl ar é
bokl ukl ar da betonun basén- dayanéméné ol um
s¢per |aakétkekrbeocre kat k é maddel erinin kul | anéme

azaltmadan S/-O.@bamendaebellBrine kadar de¢ K¢t
Betonun baseén- dayanéeméné etkileyen bir-ok
°nemli si S/ ¢ akbeaehé&cée Burkokuda deji ki k for

Bunl ardan en yaygén [8:) ané Bol omey bajénteéesceéed
fe=Ke( ¢ P S) (2.2)

Buradafbet onun basénkgeBdapamergm&kmé sagéséené g°ste
yakéna, geometri k ka&kl edhwer ve k¢gr kokul |l aréna
Ky i bir yerl ekme, i Kl enebil me sajlamak i -1in
Iy bir ikl enebgerekijasa, budunuthabhgregdan kaynak.|
olabilir,budurumdaa gr eganén ved®iekitikl émesmuryol una g
Su/ -imento orané d¢keék, bu y¢zden yerine yer
bokl uldlagradgangr ¢r . Bu dgksekderol gukeq i n; ge
%20 fazla su konmasé halinde dayaném %30 dg |
d¢KeéeK %606ée bul abilir. Su mhekanaeaideanyar | ama
yakl akeéeml aeneyind @&eabesnydeéak dej er tanok éyanéeudami kt a
suyurk al i t esi [d1¢ ©°nemlidir.
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214Sékéekt énma d¢zey

Betonun dayanéméné etkileyen bir dijer ©
Nor mal beton (Kendilijinden yerl ekme °ze
sékékt eKywil mae leaietrér €l mayan bet oBetoiun,i nde |
I -indeki bokl uk mi ktaré en d¢k¢kBeporvi yey
I -erisinde &int théakv-aa mi &kttarweBud bpah @ké ad ¢ 1
- i memmwuar asénda meydana geldijinde ader

hamur dayané¢lim®né de¢Ker ér .

21 5 Betonun deney yakeée

Uygunk ¢ k o K @& blelbatonunbas dayanémé numune yakeée il
Baséamyraaddpkksehiezée er kehaylased agriddae r k&kh aa z
Beton wulakabilece]ji éerpalbligayr&k boslkEdda k d%7dQ
g¢nde . Kl erkiek i genloer I - enr iantnakeé baisear e Kk
artat Dayaném kazanma heéz@nelkleit Bnasu/eiyreennthoi r
or aneéeddarmen 6 uay/¢ & soal kaén betonl arén dayaném

yavakil er

22Deney¥Y nt detli i kRaikiticr | er

221K ¢ r  k o xenénh edkisié

¢i mento hidratasyonu -imentoyu kinlyasadt ur an
ol ay7derHer ki myasal ol ay gi bi yec¢ksek seéca
Hi dratasyon 1i-in ayreéeca su gerektiiji I -

inmemelidir. Bu nedenle, ¢k ¢ k séeécakl ék Ve de¢ K¢k nem
hidrats yonunu yavakl atmaktadeéer. Di jrandakit ar af t
nem, hi dr abamagtaler he B8iyé ec e, -iment o hami
hédlaganem kazanmdknhaegéy?nsSeandded beton
s¢r e N2PCe skBlxeaksu ddvizundk ¢ r edil di kt en sonr a
tutul maktade&ak.,r Hg2haedémnéelemé se, hazeéerl an
sécakl ek vV e nem | -eren ortiamiganda -kgr si
kazanacakl| aré badgdé&n-kacagaynwarcarké ar 28 bggan-
ol maktadeéer . Teérk vV e ASTM standartl ar éna

tutulacak numuneler, deney tarihine kadar %®& jneelm or t aménda €s
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edi |l mektedir. Yapélan testbasderp; Hayanaméoaeare
suya doygun numunel erdeneméhdan eggig kerk batdr
g°zI|l ¢énmi k Kuru numunel er den el de edil en ba:
numunel erden el de ed#l0Eh bada&m- dBgday aha@ameadanm
s e b é ly ilizahwedilebilir;

-Beton numune i-eri si nydaepkma knteand éywaj |Ba®yyélceéc ehi r
i -erisindeki kayma daha kol ay ol maktadeéer.

-l slak numuneye wuygtul-eamdminglki ngmhueaerikher d:
basén- keukmakSt adar .

222Y ¢kl eme heézeé

Betonun basén- dayanémeé, y ¢kl emeBethné z é ndak i |
°rnej e uygnelnamanuygeurlialmay ¢hké zdea haaz au zduenk - i r( s ¢
uygul andék-a) numune daha k¢- P jbrr bgeril m
dey i kde¢ek ¢k yé¢kl eme héezé uygulanan numunel er de
dej er i dahaVYak!|l emema®B@@EaMPaiso Dduj u °rnekl erder
el de edil en basén- dayanéemeée d3Djdakikd e r i (yan
s¢rdejeé¢ °reekdet éan badeadjne-r Ickaygdgnéemey ¢kl eme h
MPd s ol duju °rneklerden el de edilen baseén-

daha az ol maktadeér . Bu durum y¢ken °rnek ¢ Z
nedeni yle bir mi kt ar r5rpa knte¥a tdy@arpynmaansdéannd ayn ¢, kksaeykn
hezdygul anadedadahmaelbligrgek basén- dayanéem dejer |
Y¢ekl eme héaléear7akMPuay/gsul anan °rnekl erden el de
y ¢ kl e nfd@MpPasadagak uygi | anan el de e tibedne¥%lOdalzas én- daya
yé¢ksek o[fplmakt adér

223K¢prtaménén sécakl éj é

Deney anénda bet on numunembiags érs-écadlhlyaneémemeé
d¢kKer mekt eedfCr s é¥rarké jéeikn ,a ki numunel erden el de
dej er’C, s@dakl éj amumaheéelperodleann el de edil en b a
dejerinden %4.B5Cd ashéac afkd zelka daékri numuneden el d
dayanémé d¥j] esreéicaks ekt aki n umu nceadyeann éarié de e
dej erinden %k 6[8]rd aB@nudng knedd&rki€eadkwadk egdadan

betonlapédaén-gaha homojen ve dolu ol maseé, y

20



creéenlerin yerlekebil mel erii Il -in zaman bu

ol ukmaséder .

23Bas én- Daykyen®mekrak tEP r | er

23 1 Numunwe bdyutr i m

Beton wuygul amal aréna genel ol arak bakél
numunel erin her ¢l kenin standardénda f
g°r ¢ ldmerk.t eYakéndan i ncel endif50xn3@kmm, A. B. D
Japonygd100x 200 mm si |l i ndiri kabul e 1600e32d e, Av
mm silindir kullanan Fransa haricmhde, B
Ktalya 200 mm,, Nksrwee--| i1l000k gnpniber | e basén-

ger - ekl ektii z dletk@deedisri.l i ndir ve k¢gp numune
D¢nya beton | iterat¢rd@amdeBkS 1b3e8l1l'i ibna kkl aeéb
mm k¢gp ve ASTMIING Onx 3k0a0b unhm estitliijndi r numune
hez esas ol mak pzearyeg,entenjacskeikkaeldagisHh at  a

e
yapélméewte?d gkdbe °ghepin ajérl ejeneéen daha
yape
dajéel egmehénm ol masé veibadsad@dlae tdigrkigrk Yetparsli

|l mamasé gi bi farkl el eklar ile k¢gp ©n

gibikonulad a bel | i |9%Ilk- & dof° linpektesis. e
Bagn daya’nhreemglnie °1 - ,de etkileyen vyg¢kl eme
olukan s¢grteéegnme kuvvetl erinin, narinl ik

pratik olarak ihmal edilebilecek mee bede ol masé ve yukared

°zelli kleri de i -ermesi nsakltif@ddéirr numuneyi

2.3.2Boyut etkisi

Ayne geometrik Keedk | ddopgathi plejhniummea il dur |
dayménckej erl erinin ° nlelmil k dd9stcadlemedeéejnieki b
denilmektedir. Bu konuda ydenpe éylsaen -al exmal ar g €
dejerlendirildijinde ar tlaanr e m®1y u tkl ¢a-r¢dka b

numunel ere kéyasl a bleilnlrigi bi kekhbdblydet arg K¢

dayanéeml ar éndaki g°dzikemenm8& lent eaz all.idtégréeat ¢r ¢ n
dayanéménémyuwmtumuae bdj | & oyul etkesk’ olatak] i Ki m
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tanemalkanadérer Btegronnde,t s°z k o miubgliite Kk e k i | Ve

I ncel ey e nlardam karigi bl@Xenmile €12 Kk e kK i | v esinimxwil te dakk
ampirik bajeéente ile ifade edil mixktir
¢izeldem2ndl erin KHrkeél akt ér él masé
150 mm K¢gp MBMOwMBeO OKImem Silindir Numseedianm Baz.
¥zellik Kep (k) Silindir (s)
Referans boyut 150 mm f 150 x h:300 mm
Aj éerl ek 8.01 kg/adet 12.58 kg/adet
fk=500 kgflcm( 50 MPa) fs=400kgflcd( 40 MPa)
Kérma kapasite Pk=168,7 t (16¢ 106t@ 060 kN) o
kantiye kartlan a-éséndan silindir
Gerilme birikmesi ¥zellikle k°kel Daha ¢nifor
Narinl Xk pghaek
Yékl eme maki na 2 ise s¢rteénme
arasénda gelik Kérélma kekli ha dayanémée ¢zeri

kuvveti

olarak ihmal edilebilecek
d¢zeydedi r .
Bakl ék mal ze me
rijitlik" a-¢@€s
kgffc( LO0O MPa) ¢z
betonhfr da °nem k

Yapél maséna

Séekekter Kekeli oldujundeée Daha kol ay
Tabaka sékékteé Ex ,=6.16 (kgcm/criitabaka) Es =6.1 (kgcm/cri¥tabaka)
Ex2=0.32 (kgcm/criftabaka) Es2= 0.2 (kgcm/criftabaka)

1-e Nor mal -ek &waam k2

Ek>EseK¢p silindire g°re k°kelere dikkat e
f_056 0.697
T
6ha ' a (2.3

Burada f, a boyutl k¢be¢n basénsi ldiayainréimé oy enk@ae k|l i k/ -

(narinli k) ve V ise numune hacmini glesterir
Popovicd13], silindirawamadaakieri i -khki yi °nermi Kt i
10.1

l51.65(—)
fs150x300 d (2.9
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Veril emeéeiDamhe@dO&0mmar &l é&j-in ge-enliil.mbkduf
Buradafsq=f- apé d Kordami nlei k) = y¢lsseékink r/ baa
dayame femsni se 150 nBnD O- anpnh ey ¢vkes ek | i J i nde s
dayame@ me@dl icdhdi s n u memm)ng °ns t e a pné&auiieevd i r
Popovics' i n b anjaé ng%®rar art an numune -apeéenda
azal mg¥H.t adeér

233Agrega boyutu ve gran¢gl ometri si

Betonunbas én- dagy ak é @gkegatare doyutd al] & méde ilgilide.

Betonun €astisite mod¢ Uj unaagrfebnekrs iyyognuun|l ol c
bilinmektedir Bet on k ekraedlamma yasnkélnean di |J i n die agr
b¢yekl ¢7 ¢ keér glemwadyea shyawlganyreen boyuBuu y©°nl
durum bizebet ondaki erjisi@r @4 magaenda] édlédeéjnanub a
g Stermektedir Agr egal ar én b¢e¢yeéekl ¢ klkadiémpdey ¢zeylde
et ki si Kalkab #tinlegeekr | eext on numuhaktaki mde bl
agrega boyutunun, ke ipKk i-naipré n & h 3 dv¢enydae nk a
ol mamasé eglarrekmB8kit dejerden b¢yeék ol ur
sajl anamaBnakdajdéerden daha b¢gyeé¢k agregal a

ol arak sékéektéreéel amaz

Tanigawa ve Yamada §lisear akt ér sngt a g & mlé&aar ebdodypuktk i mi n
yalnézca beéméduet kdlymepedibjibemnupdayamé mén é
etkiledijini belirl emimalken dniumd3 mmaolagk t € r me
agregadan ol ukan bet dbrmals@&@mda dagraeaganeare led
vV e bunun betondaki nihetbhedojrd reimi&Hh emldeef .i «
¢czerinde duraud rneagsheluagteEing lgenellikle numune boyutu /
maksi mum agrega -apé oranée ile a-eéeklana
ol maséna rajmen b¢yék boybuatstéank-a ndamanusah e
ol abil.eckiniddi rgeomet bakeéeimet dathish @abaae h a n
ol maktader .

234Numune ve baséen- tablasé araseéndaki t e
Eksenel baseén- alténdaki bir numuneni n
ara®@ ndaki s¢rtée¢nmeden olukan yégk eksenine
numune yg¢zeyl eri arasénda s¢grteéegnme neden
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yékeéen uygulandéjé yégzeyddBnnwriz akdjaxle!l DEKk- aoace

)
olarak numuney ¢ k sek !l i J i nin kesi't boyutuna orané

keréel mayé daha az etkilemektedir. Bu nedenl
olan silindir, oranén 1 olduju k¢pe keéeyasl a
Yapél an adeaxayasrenlpbada pres tablasé 11l e numur

ol ukturulan bir yaj tabakasénén sgrt¢ignmeyi

deji ktijJi teBpitduedmtdai kér &l ma, eksenel baseé
Kekil de vy¢k eks eturmake évkidkyad-medtal aakzlaalrmad lauka s e b
olur. Test makinesinin tg¢gre¢g ve ygknleemmhe yogzreyi n
etkiye sahiptio | duj u s fP249.enebi | ir

235Numune u- yg¢zeylerinin hazérlanma keklIl i nin

B¢ t deton numunelémde betond © k me iwngezebyakl ék yapeél arak te

°nerAncakyrap él ac ayke kbsaekkl éedkatlyamn@ & ml & wunadklean & meée

edilir; aksi takdirdemalzemenin mukavemeti yetersialabilir.r ¥ z el | i kl e s¢l f¢r h
bet on basén- n u muanpeél | enrai snéen d ab a kelné k - oyk kK ul
malzemedir. Yapél an basén- testlerinde , ayné bet

bakl ek yapélan numunelerin bakl é&k yapél madan

basén- dayanémé verdiji sunucuna varél méxkter

2.36 Cidar etkisi

Basén- dayeaeden@ime nadi jee¢k fakt°r betonun kaleéep vy
bil eki me sahip ol mas éb edoolnauyné $cka yialnéegneed e ay a -
keséemdan d&bhbhépaywkkegénde kall enndre] Bu ok a atma ma
agrega boyvebuwlaya dat etkisdenirBo y ut | a nuunklgrde ¢ k

bukat manén et ki si b¢e¢yeéek bir numuthegbbhkype oranl
kat maaém®@enl €] & numunenineboykt umdeaen bbaj éemsiénze
i -1 ® nemsegehilr [9]Bet on creti mi ndgregd &krudn anél an
grang¢l ometri si meatleni cidae mtkisidlr avenabo €etki betonun

Kekillendiril[20esi nde ©°nemlidir

Yapéel an areaktl@gynak abadwputt aki numunel er i -1n
mar uzyeh hgci mldahadbegeu Holn & lmd eynacmméam sahi p ol maseé
s°z k o nDasyuadnuerm az al mas é boyut uBoyuteanr t mas é i

art masaywylra beeeg¢ron i -ersibDide&ki ws@damatdadamnt a
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al eemamnk¢- ¢k nukseé&nidmyenémsgdej erine sahi
bunun tersi bir durumla a Kk alabikré | Bk e ¢k numunel er deki b
cidar etkisiilea - é k|l anlWakéeéaddérde] emega za&lyad dred aakgi
dol dur mak i -1 n ger eklnieni-n memetr dineeatoarmmdiea kui
hamurundan .daNamJdmebiaidién kil jeinmydsezkeiy baul aeaték
hacim orané b¢yeék °onleam inlwmwyrae/ |l evred e zddaehma r
yapédeneylerde k¢- ¢kl audthan d¢ k¢ k  lridar ekisinind ay an é
neden ol duju ayréca y¢ksek vy ¢ zmnpunemih aneée |/
boyutl arésdhaktdod myeén tam sajl anamamaseé
I -in dah@liZnemlidir

237Doj al taklarén basén- dayanémémdeda smumu
Doj al takl arda bet on mal zebhejsal gi dkl ah
heterokaewndijrerisindeki farkl e miner al k
mi nerall erin boyutl ar éfmaeknatdedd]jkare st a«llar
yape sé betonun yapésé ile kéyasl anamayacalk
nedeni doj al taklarén olukumunda <cidar

czerinden al énan far kl é numunel erde bir
ol asedeéer . Fatkart ¢ aiy-nien kfagyrak|l € kayal ardan e
takl arén heterojen yapéséndaino khaal zory € be
ol makt a'dhi@aT,. RISBYE 11 1. MERMER-5BAWSR@ZY UMU (
/| AFYON)bukaomuda bazé denepynséddilecAsghex rkalyad a:
czerinde farkl é boyutl arda k¢p numune.l
dayanéeml ar & Flaeki ell €fj @mink tdiarh.a g°r ¢ngér ol m:
mer mer | er de nOx10@x10@, n &5x75x79, 0 50x50xp0 25x25x2%m

boyudla&i émumumee ebagamrs i dayBumanelér swua p € 1 m¢
kesim yapant e z g © hkleasri d aviaktéil ra.n deneyl er sonuc
-izelgedd i sonu-1| ar .drut asyanu-dlkamaktg’re doj al
boyutl aré kg¢-¢1 d&n e ambtats@&jne garyalnraenét e d i
czerinde yapél anmdered elrercdeeri ndek ci dar e
durum doj al taklarda kendini g°ster memek
cidar et ki sini ortadawg¢ zkeayl Ideerr mlad& s iil-é cne kk
ké¢-¢k numunel erde kesim séraséeénda ol ukab

j eti il e kesim yapeélacakter[21].
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238Y¢kl eme bl oju ve dék merkezli k (eksantri si

Basén- dayanéména et ki sit aobllaans édniéne ro tbuirrd ufjauk t

¢ i z el2gMermer ve travertenin numune boyutursajp! € basén- dayaneé me
dej ef2l]er i

Mermer
Numune  Numune Base " Standart sapm Dej ik
boyutu (D)mMm s ay ¢ dayané (SD), Mpa katsa
(MPa) ' (DK), %
100x100x100 12 46,89 51 10,89
75X 75X 75 14 56,24 8,69 15,46
50 x 50 x 50 12 72,52 14,5 19,99
25 x 25 x 25 9 82,4 5,62 6,82
Traverten
Numune  Numune Base " Standart sapm Dej ik
boyutu (D)mMm s ay ¢ dayané (SD), Mpa katsa
(MPa) ’ (DK), %
100x100x100 18 63,08 10,99 17.42
75X 75X 75 20 76,72 9,28 12,09
50 x 50 x 50 19 91,73 14,16 15,44
25 x 25 x 25 17 108,6 17,95 16,96
k¢resel bl ofj un -ape vV e numunenin yéokl eme (
¥zelli kle k¢graseal -ppkl drms éml-ojdieney testl er il
konu ile ilgil:i Lessard, Chaall al ve Aitcin

-al ékmal ar a gre numuneni n boyutl ar énén de
oturduju kg¢resel bl ojuinn ol anauwstéu nguenr-ecka r b u NPASS T

83bbdbye g°re baséen- deneylerinde koni k keéereéel:

numunel erin bakl ék Db°l gelerinde test maki ne

geci kmi k geril meler bulunmaktadér.

Lessard, Chaallal ve Aitcili[0 ] t ar af éndan yapélan -al ékmal a
dijer etki yekl eme bloju farkl él @éjéndan doj e
et kisidir. Dek merkezli k nor mal dayanéeml é& be
tam ol arak mer kezdreaamli & dad yannéumuyn®ery¢genden - ol
fark yaratmadeéejé belirtilmektedir . Ancak deé
-ékmaktadeér . Dek merkezlik etkisi beton sén
Nor mal dayanémlé betenkarbdakd4emii gsi kgtlal edme
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y¢ksek dayanéml e

betonl arda bu

SRR | | S—

keki ll52. Inm

27

-apl é y¢kl eme

bl of u

de¢ ze



28



3. DENEYSEL #ARRLI k MAL

Tez - al &k ma sféa rkkalpés abreétnodnad a2n 5 f ar kl @€ boyu
hedefl enmi ktir. Bu numunelerin yarésé ka

bir dijer yarésé kaleéep dejen y¢égzeyl eri

beton santral iemrdesegmietiidimmktimj veethon ¢r
Maksi mum agrega -aplaré 12 ve 22mm ol ar
dayanéeml é& beton sénefeée i-in bajlayéceé me
silis dumané Kkull arké&lame@&kt-éirmen$iol idsozdy raa
se-i |l mi ktir. Hazérl anan betonl arda akéexksk
kat ké maddesi de kull anéel méktér . Numunel
sonra istenilen boyutl dradnma keapiéll mew twe .d:
3.1 Kullanélan Mal zemelerin ¥zellikleri

3.1.1 ¢i mento

i retimlerde Nuh ¢i mento Fabrikasédéna ai't

¢i mentonun basén- dayaneme ve fiziksel C
firmadan elde edhi Kkt i r . ¢i mentonun fiziksel ve |
dayanéml ariéz Slegtead éyvVearil mi ktir.

3.1.2 Silis dumane

Deneyl erde y¢ksek dayanémlée betonun ¢ret

dumané da kull anél méwnt @dmzabféehes &umadné oA
Terkiye ¢i mento M¢-GE alEmishk i egis ¢ Beml i jnic e lA
belirlenen silis dumanéeénaizelge3.Bdet e izii kmiek t ivr

At ek Dbir mal zeme ol masE€eala puwj oneanisk |9 zel

ol maseé nedeni yl e hem bir yan erén konur

mal zemel erin I -inde en k8ymes | idsasimadé@mn&m
i -indeki davranéké fizikoki myasamuuer . Bu
matrisindeki, °.-ziehdntkd e ardeey s agyegdeki,

boyutunun k ¢kigrhytagd arle sk ds € m -hiser ozkasyiétf (kkai
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kristallerini  kalsiyums i | i kat hi dr at eye do°n¢kKt ¢gren puUZC

ol ukmaktadeéer .

¢i zalllge ment onun fiziksel ve kimyasal °
¢i mento
¥zge¢l Ajéerl ek 3 3,13
Kncel i 45g06dan -
' Blaine (Mkg) 328
Fiziksel 2g¢én 27
°©zellBasén- Dayan7gg¢n 43,4
28g ¢ n 59
Priz s¢resi (sBaKIa 02:40
¢ Bitme 04:00
Serbest kalsiyum oksit (CaO) (%) 63,24
Magnezyum oksit (MgO) (%) 1,12
S¢l féer tay@®pksit | 2,82
Kimyasal Klor (Cl) (%) 0,03
°© z el | Potasyum oksit (KD) (%) 0,78
C3A (%) 8,36
¢tZzZ¢nmeyen kal ént é 0,64
Kezdérma kaybeé 2,75
3.1.3 Agregalar
Deneyl erde iri agrega ol arak kérmatak 1 ve Kk
ve kérma tak tozu kull anél méxkteér. Agregal ar
akaj etha32dezg®°steril mektedir.
¢i zeRgAegr3e.gal arén el ek analizi sonu-1are =

El ek A-ék Dojal Kérma KT1 KT.2

22 100 100 100 100
16 100 100 100 58
8 100 100 50 16
4 100 93 3 0
2 84 68 0 0
1 51 37 0 0
0.5 22 18 0 0
0.25 3 4 0 0
Su emme (%) 0,84 1,4 0,62 0,4
¥zg¢l Aj3e 2,64 2,65 2,72 2,73
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¢i z e BgSdisdd mazdikleri.

Mikro Silika .
¥zell i k/ P | Numunesi/ Micro silice D QSrT]C-elerr? Le'mr'ti
sample
Y oynluk Density
Ly Malmi) 2195
e en (0] ul
DJe nsit yJ ( 405
Yzel | i Kk/ P Numunes) Mo siice DeneyMetodul Test
sample Method

:;r?itizn' Kaybe/ 1,4 TS EN 1962/ EN 1962
Sio2 91,8 ICP-OES
Al203 0,35 ICP-OES
Fe203 3,91 ICP-OES
CaO 0,48 ICP-OES
MgO 0,62 ICP-OES
S03 0,16 TS EN 1962/ EN 1962
Na20 0.38 ICP-OES
K20 0.68 ICP-OES
TiO2 <0.01 ICP-OES
Cl 0,0586 TS EN 1962/ EN 1962
Serbest Si02/ Free Si02 1,93 ASTMC 25

3.1.4 Kimyasal kat kel ar

Bet onml¢erreit iesnasénda mevc ukta rsbuo kishitliayta ceésnaé:
akékkanl akteéeré&oée!l hatk@memakbrem8si kat ke kIl

Bu -alékma kapsaménda 1 y¢ksek dayaneéeml é
geti Il mi ktir., Beton ¢reti mi bir hazér be
dayanémlée betonda en b¢y¢k agrega -apé 1.
ol arak se-il miktir. Yéksek dayanéml é ve
ej rimTlSer70,6 standardénda verilen referans

g°sterAymekaama-1la Fuller .palbhbol padabd&lu}

bajéntésé ile bulunur.

p=100*(d/ D) i (3.1)
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Her 1 ki agrega karéexkéménda da d¢kegk el ekl er
B ejrisinin ¢zerinde yer al maktader. Y¢ksel

oranl ar é;

K. Tak | : %4 0, vekkem: %33 k u m: %2 7
Keklinde belirlenmiktir.
Yéeéksek dayanéeml é betonu el de edebil mek 1 -1
-imento dozajénén % 50i kad@irz eQdgeeve edi | mi
glesteril miktir.
Nor mal dayanémlé betammnda éi;se agrega kar ékem
K. Tak I 1°: %3 0, K. Tak | : %2 0, Kér ma kum: %3
karékéme ¢izelge 3.4 de g°sterilmiktir.
100
80 |
g
S 60 —
L]
o
1]
51‘0
S
1%
20 | -
| |
0 |
0,25 0,5 1 2 4 8 16

Elek boyutu (mm)

k e ki |Dmadl2tm olaregregaka r € Kk @efem@nsy deli

3.3 Numunelerin ¢reti mi ve hazérl|l anmasé

Bet on numuneal ebet onzesanktiral i nde cretil en
hazérl anméexkt er . Numunel er isretimden sonr a
g¢ sonrakal épt an -ékartel mékter. Cuvalla ©°rtg¢l
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sonr ada devam et migkstliat.él @auwak!l |naeeml s ¢ rteukt!

sonrasénda numuneler istenilen °1-¢lerde

100 ‘

80 —l
g |
£ 60 -
L=
a
-1:]
51‘
g 0 |
9
(79

| |

20 -

| | ‘

OI | |

0,25 0,50 1,00 2,00 4,00 8,00 16,00 31,50

Elek boyutu (mm)

k e ki |Dmads 22Zm olaregregaka r € k eeferangger i | er i

3.4 Numune Boyutlaré ve kekilleri
Bu -al ékmada betonun fizi kaeal kye maknaumiel
czerinde karkeéelaktérmak i-in 40. géende

ol mak ¢zere |

¢i z e3l4:gBetonka r ébt @ ) K i ml e weitazepetok®gelliKleri mj )

Bil eken Beton 1 (C50) Beton 2 (C20)
¢i mento 450 250
Su 150 180
Ki myasal 6,65 2,2
Silis Du 22,5 -
Doj al Kt 569 368
Kér ma Kt 488 578
Kér mat ai 731 391
Kér mat ai - 589
Su [/ ¢in 0,33 0.72
Su / Baj 0,32 0.72
¢t°kme (c 22 16
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150x250x550mm, 50x200x250mm, 200x300x300mm, 40x250x2Q00mm

100x300x400mm, 75x350x250mm boyutl arénda pri
(kekiAnc3a.k3)40 mmoélkiak éplmmaelserr asénda sorun
kesilirken hasara wujradéejé i-in deney progr
kesiminde mermek e s me al et i kull anél mékteéer (kekil 3
k¢eplerin kesil mesinde, daha hassas bir alet
(kekil 3.5). Kal eénl é]jé& daha fazla olan num
ol maméexkt éer . Buakarkaal epawe] eh yézeyl ol an n
dayanéméné belirlemek i-in 1iKki beton kar ékeé

200x200x200 mm, 150x150x150 mm, 100x100x100 mm, 75x75x75 mm, 50x50x50

cretnl moywutr vek &leikli |

300

200

50
-

mm standart Ké¢p numune
glesteril miktir.
; 250 . ‘ 300 ‘
50 150 50 50 200 50
T 1 T 1 I 1 1 1
4 150 4 200
e
2 |8
8 |8 R H =200 mm
R H= 150 mm
200 ; 200 ;
T 1
RS0 50 50 50 8
] B
ul S
& B ! |s
) g
:— 3
1) H =350 mm H=40mm

kK e ki:INunBuneBo y u t | kesimaekiler
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400

350

50

100

100

100

50

H =100 mm

150

50

100

A

i

100

H=75mm




k e k i IMerBer Kesme aleti

k e k B.ISu j&iile kesme aleti
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3.5 Numune Kodl arénén Belirl enmesi

Bu -al gxkembdbhen 2 farklé betonun farkl é ebat
kodl amasénda numunel erin bet on séneéefl ar énc
yararl anéel méekt ér . Kal éep dejen yg¢gzeyi kesil en
numunel er kesil meey@héemfaki 8al drkka beton
deney sonu-I|larénén a-élandejeée 4.1,4.2 ve 4.3

 a
100 L

200

k e k i6:] NurBunekekilleriveboy ut | ar é
36Bak | é kkll aenma K

Numunenin alt Y@ mnpmddegn zrestikleaningndmelera tsiel i

uygun mal zemeden. Yoaapkél | éakc ayka pbeéal knhaelkétdaé rk ul | an el
mukavemet i numunel er.ih&kpgtnée] éménrz edenelymalre@der
bakl ekl ar toplamda 6 mmigenmeyegelk wélinl K& D
il e yapeéel mékt ér imenksuo$s aypwurmualigminnahtem - ok - a

yapmakta hem de késa s¢rede y¢g¢ksek dayanéem d

3.7Y a p é leaegler D

3.7.1 Taze beton deneyleri

Taze beton de&meyldermieyadl ayragple | -nPékt ér .

37.1.1 ¢°kme deneyi

¢t°kme deneyi kesi k koni Keklinde bir kaba ye

sonr aki -°kme miktaréné cm ya da mm ol ar ak

y°nt emi ¢l kemi zde -ok Deapgdr aluat akekahnl ahel

de g°%°steril micktir. Kesi k koni Keklindeki -9

i -erisine beton 3 katman halinde d°kg¢l ¢r . H
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Ki Kl enmel i dir. Kat man | a ralttaki &katnrhapak 2,5 c¢m | me s i

civarénda girmelidir. Betonun d°k¢l mesi

bir kekilde -ekilir, -%°ken betonun yaneén
Ki Kl eme -ubujunun alt y¢zeyi mésafe taz€ k en L
betonun -°kme dejeri ol arak not edi | ir.

bitirilmelidir.

E D RO ::-'r-.i,' '.r_i."‘;-y
kekil¢°IBme& :huni si

37.2 Sertlekmik beton deneyl eri

37.2.1 Basén- deneyi

Beton basén- dayanéemé nor malakoil agta&n dlebr tc
numunel er veya -apé 15 cm boyu 30 cm ol a
belirlenir. Bu -alékmada i s numune boyut
Basén- deneyi b¢eten numunel erde 4@, gend

75 mm, 100 mm, 150 mm, 200 mm boyutl u Kk
Numunel er 300 tonl uk vV e 500 tonl uk bas

tutul mukl arder .

Basén- makinel erinde be¢teéen numunel er e f

y ¢kl enmeé py aopkkeunan dejer P (KN), baséen- ku\
ol mak suretiyle baBgriPad aydméadmkdegj3er2l)er

hesapl aneéer .

=P /A (MPa) (3.1)
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4. DENEYSONUC¢ L AR

VE DEKEREEK

Farkl & baseén- makinel erinde farkl é
ki ayrée basén- makinesi i -in 1ki
Cizelge 4.1 300 Tonlukmakinedeya p éderseeyso n b ar é
C20 C50
Numune ~ ~ (Kal ep Dej _ ~ (Kal ep Dej
Boyut (Kal ép Dej Kesilmir(Kalep De] Kesi | mi
Yékl eme H . . Y¢kl eme H Yéegkl eme H
MPa/s Yekl eme He MPa/s MPa/s
Ker e Baseée Keéer e Basél Kér él Basé KEér e Baseée
Y¢eke dayan Yegke dayan Yegkeg dayan Yegkeg dayan
50x50x50 62,8 25,12 51,8 20,72 125 50,04 158 51,8
76,7 30,68 67 26,8 104 41,6 170 67
67,5 27 37 14,8 139 55,6 145 37
77 30,8 59 23,6 117 46,8 148 59
Ortalama 2,\;3;34; 21,48 MPa Ortalama 48,50MPa 62,10MPa
Yékl eme Hé Yokl eme HE Yokl eme Hé Yokl eme Hi
MPa/s MPa/s MPa/s MPa/s
205 36,44 155 27,56 369 65,6 395 70,22
TOXTIXTS 195 34,13 145 25,78 370 65,78 403 7164
198 35,2 165 29,33 388 68,98 392 69,69
181 32,18 156 27,73 372 66,13 386 68,62
Ortalama ?\ﬁl‘f: 27,60 MPa Ortalama 66,62MPa 70,04MPa
Y¢ékl eme H Yokl eme He Ykl eme H Yékl eme H
MPa/s MPa/s MPa/s MPa/s
336 33,6 260 26 620 62 693 69,3
1 1 1
00x100x10C 459 33,1 254 254 660 66 687 68,7
343 34,3 263 26,3 685 68,5 719 71,9
337 33,7 262 26,2 653 65,3 692 69,2
Ortalama ﬁl‘f: 25,98 MPa Ortalama 64,45MPa 69,78MPa
Yékl eme H Yokl eme HE Yokl eme H Yégkl eme H
MPa/s MPa/s MPa/s MPa/s
622 27,64 550 24,44 1466 65,16 1465 65,11
150x150x15C 596 26,49 599 26,62 1500 66,67 1453 64,58
635 28,22 586 26,04 1273 56,58 1540 68,44
613 27,24 1368 60,8
Ortalama 27,40MPa 25,70 MPa Ortalama 62,30MPa 66,04MPa
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¢i z el @560 TdnluBmakinedeya p €éderseyso nu -. | ar é
_ A . (Kal ép Dejen Y
C20 (Kal ép Dejen Yy Kesi |l mik)
Nu’:lnoune Yékl eme Héezé Yékl eme Hezé
Kesit Ker e Basé Kesit Kéer él Base
50x50x50 Al ané(Y¢ke dayanAl ané Y¢ékg dayan
24,05 4015729 16,7 24 53460,6 22,28
24,2 44866,49 18,54 23,91  69406,39 29,03
24,1 43299,02 17,97 24,01 5226857 21,77
Ortalama 17,73MPa 24,36 MPa
(Kal ép Dejen (Kal ep Dejen Y,
NuI:Inoune Yéikl eme Hezeé Yékl eme Hezeé
Kesit Kér e Baseé Kesit Kéreéel Baseé
Al ané(Y¢ke¢e dayanAl ané Y¢gk¢e dayan
75X75x75 1 54,75 cm2 18695957 34,15 5595cm2 16191533 28,94
54,75 cm2 205637,32 37,56 5594 cm2 150987,08 26,99
54,46 cm2 182119,02 33,44 5587 cm2 164656,73 29,47
Ortalama 35,05 MPa 21,35 MPa
Nutune Yokl eme Héze Yekl Heee 0, 23
Kesit Kéer é Basé Kesit Kér él Baseé
Al ané(Y¢ke dayanAl ané Y¢gkg dayan
415,10
200x200x200 1 410,86 cm2 1288157 31,35 oo 11756795 28,32
2 407,83 cm2 1169949,4 28,69 322’50 1155862,3 29,2
3 412,27 cm2 11803951 28,63 42%’;0 1293752,6 32,07
4 407,17 cm2 1256250,9 30,85
Ortalama 29,88 MPa 29,87 MPa
41Deney Sonu¢i aéilengeGrAaifti kl erl e A-ékl anmaseé
¢i z el ,gB8B ve33.97da numunelere ditet on basén- daYamgmeésonu-
gafi kl e ©zet !l e,nminkutmurn.e | &rriarf i kbloeyrut | ar éna g
dejerlendiril mek Ayner dolgatréanlrdamdwratkart. f ar k|
numunel er ayne grafiklerde dejerl endirmeye
dejerl endi t ahmeeyne °-naelné ki & elerdeki-cidabetkisio n numu
ol muktRuakat <cidar etkisinin yanénda numunel e
czer e kesamp-édlaénédna k iar f a rdkal éblaéskél na roEinztkisa n € mé n a
a- ekl amBwue kt ait &€ Kk mala skla pkesanm §apan mermer kesme
makinelerinde beton kesme ®Bakeé °kulelman &llarvaek
ol arak su jeti ol arak i si ml eoladaksunanen yeni I
makinei | e de sadece 50 mmoél i k. numunel er i -in ke
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¢i z el @560 Tdnluldnakinedeya p édereyso nu -. | ar é

- - . (Kal ép Dejen Yg
C50 (Kal ép Dejen Yg: Kesil mick)
Nulilnoune Yékl eme Hezée o ( Yékl eme Héezé
Kesit Keér él Basér Kesit Kér él Basé
50X50x50 Al ané( Y¢ke dayaneée Al ané( Y¢ke dayan
25,2 84469,19 33,52 2520 cm2 134703,27 55,89
24,69 129257,05 52,35 24,69 cm2 132317,77 55,22
25 109180,59 43,67 25,00 cm2 123580,59 51,28
Ortalama 43,18 MPa 54,13 MPa
(Kalep Dejen Yg¢z: (Kal ép Dejen Yg
Nu’i}woune Yékl eme Hezée @ ( Yékl eme Hezeé
Kesit Kérél Basér Kesit Kér él Basé
Al ané( Y¢ke dayan Al ané(Y¢ke dayan
75X75X75
1 54,98 402840,19 73,27 54,98  402840,19 70,37
2 54,08 385834,17 71,35 54,08  385834,17 76,07
3 54,75 370054,88 67,59 54,75  370054,88 63,85
4 55,27 336794,27 60,94 55,27  336794,27 74,96
Ortalama 68,29 MPa 71,31 MPa
N“,:Inoune Yokl eme Heze :( Yokl eme :H0623 N
Kesit Ker él Baseér Kesit Ker él Baseé
Al ané( Y¢ke dayan Al ané( Y¢ke dayan
200x200x200
1 403,8 2580457 63,9 399,97 2614200 65,36
2 409,05 2493739 60,96 405,01 2707968 66,86
3 400,79 2582284 64,43 397,36 2774234 69,82
4 404,2 2579375 63,81 410,46 2682743 65,36
Ortalama 63,28 MPa 66,85 MPa
4.1.2300 Tonlukba s emakinesindey a p € | a ndenbydesnsmso-nu - | ar énén
dejerl endiril mesi
kekil 4.16de C20 betonunda ci dawnelerinki si ni
basén- dayaném sonu-1|arénén ortal amasé,
numunel erinin (kalép y¢é¢zeyli) ortal amasé
durumun tam tersi s®z konusudur C50 bet
numunel erin basén- dayaném sonu-1ar e k al
Bunun nedeni C20 betonunun kesilirken hg:
betonda dayanéem¢i¢gldkeoeéldiuj ol arak -i mento
tanel er i amasEdadaki ¢ ladelrmakta ve kesim sEé
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50X50 mm Kiip Numunelerin Basing Dayanimlari (Yiikleme Hizi 3 Kn/sn)

80

70
® >/)\
S 60 ~S—
T 50 ‘ —e—50X50 C20 (Kalip Yizeyli)
E 40 == 50x50 C20 (Kalip Ylizeyi Kesilmis)
é 30 W‘— 50X50 C50 (Kalip Yiizeyli)
<
2 A =3é=50x50 C50 (Kalip Yiizeyi Kesilmis)
a 20 N

10

0

0 1 2 3 4 5
Numune Numarasi
k e k i1:1300ZFonlukba s émakinesinde 50x5b0mmba s &eneyisonu - | ar é

yerl erinden oynayabQ2 bmetkdarewdn rsalDiig eol dywajnud aang
b oy u t(Maksr B=22 mm)C50 betonundn (Maks. D=12 mm)daha bg¢y¢Kk

ebat!l ar daChdblemaosn@&anun kesilirken daha fazl a h
ol duju d¢gSgnpeebnbnda kull anél an agregal ar én
bet on i -serrieskilnidelkiiCo0dbetdnindasdé] dagabéEméenén yg¢k
ol masée kd@OberltbnkehaGamalsararean wjl rmarkad adeér
75X75 mm Kiip Numunelerin Basing Dayanimlari (Yiikleme Hizi 4 Kn/sn)
80
70 —
T 60
=3 5 —4=—75X75 C20 (Kalip Yiizeyli)
g == 75x75 C20 (Kalip Ylizeyi Kesilmis)
§ :Z >~ - —— 75X75 C50 (Kalip Yiizeyli)
o [ S 4= 75x75 C50 (Kalip Yiizeyi Kesilmis)
a 20
10
0 T T T 1
1 2 3 4
Numune Numarasi
k e k 2:1300Z onlukba s @makinesinde’5x75x75mmba s &eneyisonu - | ar é
kekil 4. 2s,0ndu.-3 awred 4c.iddar ek kkisli sodh.i- kdmiaee al é€n
ile benzerdrBu benzerli k yukar éda aObethnlurslman neden

kesim y°ntemine bajlée olarak betonun dayanéeér

sonrasé bet on uB0bétasna mazaraddalyadanlee mé C

42



de K meik t(ekde ki | 4. 6)

100X100 mm Kiip Numunelerin Basing Dayanimlari (Yiikleme Hizi 8 Kn/sn)

80

70 s =—
g 60 =¢=—100X100 C20 (Kalip Ytizeyli)
%50
g 40 == 100x100 C20 (Kalip Yuzeyi Kesilmis)
g y - a v - &
830 = . B :
o — = — | 100x100 C50 (Kahp Yuzeyli)
% 20
@

10 =>¢=100x100 C50 (Kalp Yuzeyi Kesilmis)

o T T T 1
1 2 3 4
Numune Numarasi

k e k 3:1300Z onlukba s @nakinesindel00x1Mx100mmba s &leneyisonu - | ar &

Bu g € k ial sdéel di kkat edi | mesi gereken nur
dayanéména etkisidir. Grafiklerde g°r¢l d
basén- d adysaknnme;niddeg® boyut |l ar éndaki Numun e

dayanémé her i&kd eretoay sk nskderkuilodeS50kB@ r mi K t
i k numunel er da dendr | ein-deiryifalatmm®b0lik yap €l
numunel er i n43kveddick € g a s U a tha sla850x§0deprehlerdké J € n

betons € n & flaéknedsai | mi K numunel er i n dkaahlaé pK @a-ndgné

basén- dayanéména sahip ol duju g°rg¢l ¢r
150X150 mm Kiip Numunelerin Basing Dayanimlari (Yiikleme Hizi 13.5 Kn/sn)
80
= 70
oL ***’
\E, 60 ; - ==§==150X150 C20 (Kalip Yuizeyli)
£
% 50
= =fli—150x150 C20 (Kalp Yizeyi Kesilmis)
o 40
O
= 30
Cr.mg 3 P—.—<._§Q 150x150 C50 (Kalip Yuzeyli)
20
10 =>&=150x150 C50 (Kalip Yiizeyi Kesilmis)
0 T T T 1
i 2 3 4
Numune Numarasi

k e k 4:1300F onlukba s émakinesindel50x150x150mmba s &eneyiso nu - | ar é
43



k e k 5:1300F onlukba s émakinesindeortalamaba s &leneyiso n u - (C20) é

Bunun nedeni k¢-¢k numunelémr dke¢ keek | bmo ysetrlawsléa
g°re daha b¢gyeéek ol masédeéer. Benzer bir -al éxr
dayaném bugatda 6Dd6DPDM50 mmoéli k numunel erde
dayaneéml ar 100x100x100 mmol i kBun usnounnue-llearrd e e

altkakdal 4.5 vdeejkeerklielnddi.rémedaynapél acak ol ur s a;

- Y¢ksek dayaneéemimueleinkadelpaadagkmkamar50 mm

i - er den cidaeetkisi imeysdak et mekt e, ayréca dayanémeén

k e k i6:1300 & onlukba s émakinesindeortalamaba s &leneyiso n u - (C50) é
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