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ASTM : AmericanSociety for Testing and Materials
CES : Concrete encased steel tube
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PDACSS, 2017 : Principles about Design, Analysis and Construction of Steel
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Kekil deji kt..r.me..elj.ri.l.eri. ... 98

IDSH7 % numunesi i - tepteki Keki ldej] i Kt
Kekil deji kt..r.me..ej.rd.l.er.i.......... 99

| 475 numMbBMesi deney °ncesi ve deney
1216.44 kKN ve 1226.25 kNodaki davr a
y°nyg (b) Deney ©°ncesi kuzey vy°ng.

y°n¢gnde  1ki reri dodeeya d° k¢l mesi backl
kN6da 1. gridde Kkire- boy de k¢l mes
gridde bur kul ma bakl angécé. (f) D
(0 T O o 0 G 100

I 4-7T8 numMbmesi deney sonu g°r¢é¢neékloer
g°r¢é¢ngkKk. (b) Kuzey y°n¢gnden gor¢éngt
OO T &N Gk e 101

IDSBE5® numunesi LVDTO6l erden al é@énan ort

yek(-k&lpdej i ktirme.(.mm)...elj.r..i.s.i.103
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4 .-3@® nunuSTe s i LVDTGIerden al énan veri
yéek(-k&pdej i kKt i r me.(.mm).. .I.1..5..1.103

4 5101 nnumDAEe s i déKk t¢ptek| Kekil dejikti
eksenlekydkde] i k.t.i.r.me...e].[r.l..S.1..103
4 :5102 nunmSTle s i i - teéepteki KekildejJiktir
ks
4 .

é-

e enleky dldej i k.t.i.r.me...e].rl.l.s..104

-5103 n:u nluShTe s i dék te¢epteki Kekil dej i kt.i
yé-kekil dej i kt.i.r.me..ej.r..l.er.i.... 104
4-5D4 numb®@Esi i - t¢igpteki kekiddejiktirm
Kekil deji Kt..r.me..ej..d.l.eri ... 104
D&T-516 numunes:i deney ©°ncesi go°ré¢negkl er
k NGO ak.i davranéxkl| ar ée: (a)Deney ©°ncesi C
°ncesi gésneybateée y°°ng. (c)966.26 kNOd
bakl ek ve 1. grid -izgisi araséenda Kkir
d966. 26 kNoéda 1. Grid -izgisinde burk:
kN6da 1 grid -izgisinde belirginlexken
gor ¢éng¢gkKyg f)882.9 k N6 da 1. grid -
burkul manén g¢neydaoj.u..y.2.né...0105 ¢ng¢ K.
4-5D6 numbh®Esi deney so.nr.a.s el@ﬁenel gor¢n
4 . IRF7 5  nCunbuShTe s | LVDTO6!l erden al énan ort .
eksenel yealdEef Nt ir me.(.mm)...e].r108s i

4 .18 -R-7:5 OFUDnBUTn e s i LVDTO6I1 er4 n eksene
il

yerdej]i ktir me.(.mm)..e]j.t.li.l.er.....108

CFDSTR-75 numunes:i dek te¢epteki Kekil defj i
ortal ama ek skeerkeall dyeg ki (kk.N.)r.me....&08r i s i .

4. 2R-75 QCeEDGAesi - t epteki Kekil dej i
ortal ama ek skerkeall dyedg ki (kk.N.)r.me....&09r i s i .

4. 2-R-75nu@kED8TF i dek t¢pteki Kekil deji K
eksenel kekk (M) i Kk t.i.r.me...e.J...i.11@r i .

4. 2-R75nunikefl $T t ¢pt ek Kekil dejiktirme
eksenel kKekk (M) i K t.i.r.me...eJ. .. 1@9r i
CEDST2R37 5 numunesi deney °ncesi g°r¢neékl el
kN ve 1687.32 kNo6daki davranéxkl!l ar é: (a
(b) Deney °ncesi kuzey y°ng. (c)l1e667. 7
késméendan 3 cm akaj éda bakl ayan bur k
g°r¢negkge67.(d)kNO66da numunenin ¢st k @s mér
bakl ayan burkul manén g¢neybaté y°ng¢g goi
numunenin ¢(st késméndan 9 c¢cm akajéda b
(f)1687.32 kNO6da numunenin alt késménde
bur Kkul ma nbéant €g ¢gnleryeé..N.é Ko meimrereeennnnnns 110

4. 2745 nuOwuDnSelsi deney so.nr.as.dllgenel g°r
4 . 255 0 nCunbuSnTe s | LVDTO6l erden al énan ort.
eksenel kKekk (KKN) I k.t.i.r..me..e}.r.i.413

4. 26 -R-50 QhFuDnouTn e s i LVDTO6I er4 n eksene
yerdeji ktir me(.mm)..e]j..i.l.er.....113

4. 2-R50 CRDBUNnesi dék te¢ipteki Kekil dej
ortal ama ek skerkdall dyedq k (kk.N.)r.me....&8L3r i s i
CFDSI&R-5 0 nNumunes:i i - tepteki Kekil dej i
ortal ama ek skerkeall dyeq ki (KkiN.)r.me....&%4r i | er i
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<ceki l 4. 2-B50 CRDBUNnesiI dék t¢ipteki Keki
k

eksenel kKekk (M) | kK t.i.r.me..e.]..i. 18" i
cekil 4. 3RBOnUMBDST - t¢pteki kekildejikti
yeéek(-k&Nki | dej i kt.i.r.me...ej.r..l.e.r.ill4
cekil 4. 3R5C roFlﬂBnTesesdeg‘élyg,ﬁamleri ve 15
davraneéexkl!l ar é (a) Deney ©°ncesi géney
y°ng. (c)Deney ©°ncesi géneybateée yon
y°ng. (e)1579.41 kNOda numunenin ¢
bakl ayan bur kul manremn ¢xéney( fy°lrbeg/ 9 g 4
numunenin ¢st kesméndan 3 c¢cm akaj €
géneybaté yong.g.luréng.K.g.. w15

ceki |l CEDSI-R-50 numunes:i 1579. 41 KN, 1540
davraneéexkl ar é (a)1579.41 kN g¢neydo
y°ne¢. (c)l540 kNo6ébda orta késémda ba
gor ¢é¢ng¢Kyg. (d) 1540 kN kuzey y°nyg (¢
belirgi nl ek en bur kul maneén géney y°nyg
numunenin al t kéesméendan 3 cm yuka
géenNeybat. .yl 116

< elk4i.33 : CFDSTFR-50 numunes:i deney sonu genel
y°nyg (b)) G¢neydoju y°ng. (c)Kuzeyba
(e, f)Genel...glr.énégKl el ... 117

ekil 4. 3RR50C nCoFMSHTesi deney s.an.u..d¥8nel g°

ekil 4 . 3FBR7/5numdesDIS4BO9R Noda LVDTO6Il erden ©°1 - ¢
mi ktar |l &r &eantA ¢zer..nde..g2.sl20er i mi

cekil 4. 3P75: ChFuD“rSJTnesiaLé’aiﬁlerd hama ver
eksenel kKekk (KdN) i k.t.i.r.me..ej.r..421

<ceki | 4 . 37 -P-7:5 GRIDM\ITh e s i LVDTOI! &M)4 n e k-
yerdeji ktir me(.mm)..elj.t.l.l.er...... 121

cekil CFDSI-B-75 numunes.i dék te¢epteki Keki
ortal ama e N)xerkdall dyedq k (kkt.i..r.me....831r i s i

ceki |l CFDSI®-75 numunes:i i - tept eki Kekil
ortal ama eksdenéldey d kthk.N)me..ejl22i si

cekil CFEDHA-B-75 numunes.i dék te¢epteki Keki
eksenel kKekk (IldNg]Ji itliame................... 122

< e ki | CHDST4P17 5: numunesi 1 - t¢egpteki kekil de’
yeéek(-k&NKki |l dej i kt.i.r..me...elj.r.i.l.e.r.il22

cekil 4. 4PZ75 nQFRMUSHTesi deney °ncesi g°°r ¢nyg

kN ve 1569. 6 k N6daki davraneéxkl!| ar é:

(b) Deney ©°ncesi dendOdepdeyu°ntesi kuz
(d)1618.65 kNbéda numunenin bateée y°n
kire- boya d°k¢l mesi . (e)1638. 27 kN
8 ve 9. grid -izgilerinde Kkire- b
y°n¢gnde 1 glru rdk u-linzag.i s(ifn)d1e56 9. 6 k NO
doju y°n¢gnde 9. grid -izgisinde ve
BUIKUIMAL oo 123

<ce kil 4 SBRB7 5 nQUFMDU ne s i deney sonu g°r ¢ng¢kl
kN ve 1393 kNbédaki davraneéexkl aré: (a
1. grid -izgisinde belirginlexken bt
-izgisindeki burkul manén dojwm y°n¢n

numunenin bat é y°n¢égnde 3. grid -
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bur kul ma. (d) Deney sonu g¢neydoju yo°ong.
y°ng. (f) Deney ..s.onu..kuze.y..y. 184 .

CFDA®-75 numunesi deney sonu g°r¢é¢ngkl et
kuzeybaté y°ng. (b) Deney sonu kuzeydoj L
genel 0.0l ke 125

4 . 45 0. nQuFnbuSnTe s i LVDTO6l erden °1 -¢1l en ke
A-A kesi ti ¢ zer.d.nde..g.2.s.t.e.r.l..mil27

4 . 4P5 0: OGWRID®UTh e s i LVDTOIerden al eénan ort
eksenel yevagldEef Nt ir me(.mm)...e]J.r128s i .

4 . 47 -P-5:0 GRIDM\UTh e s i LVDTOIl er4 n eksene
yerdeji ktir me.(.mm)..e]j.L.i.l.er.....1.28

4. 4-B50Q CRD®UNesI dék te¢epteki Kekil dej
ortal ama ek skerkall dyeg ki (kk.N.)r.me....&28r i s i .

4. 450 CERD&Unesi - tepteki Kekil dej
ortal ama ek skeerkall dyed ki (Kk.N.)r.me....&29r i s i
CEDSF-B-5 Q numunes. dék te¢epteki Kekil dej
eksenel kKekk (M) i kK t.i.r.me...e.]..1.1129r |
CHDSTSPE5 O: numunesi i- t¢gpteki kekildejikt
yeéek(-k&NKki | deJ i kt.i.r.me...ej.r.i.l.e.r.il29

CEDSFI-P-5Q0 numunesi deney °nce3| go°r ¢ng¢ kKl
1795. 23 kNo6édaki davranéeklaré: (a)Deney
°ncesi kuzey y°n¢. (c)Deney °ncesi g¢ne
kuzeydo] ul #l°,n.¢75 (kN6da numunenin g¢ney
4 . gridler arasenda kire- boya d° k¢ |
numunenin g¢ney y°n¢gnde 1. ve 7. gridl e
ve 2. gridler arasénda..ki.r.ez13boya d°kg¢l
4 . 5P350 numuhésDLB1P.56 kN,1569.6 kN, 1545.06 kN ve 1334.16

kN6daki davranéeklaré: (a)l726.56 kNoda
grid =-1izgi sibnakd amgrilcé&l nfab) 1569. 6 kNO6da
batée y°n¢gnde 7. grid -izgisinde burkul
géeneydojou yonyg gor¢éng K. (d)1569. 6 k N&
y°n¢gnde 9. grid -izgisinde meydana ge
kN6da numunenin gdmey iygnasndae7 beggirgi
burkul ma. (f)1334.16..kN..g¢nelgl y°n¢g gor g
4 . 5R5 O nQUFnDUSNTe s | deneyesdBB4gi16:; khhOdacki
davranéklaré: (a)l1334.16 kNéda g¢neydo]
kN6da g¢neybatée y°ng¢g gr¢é¢ngék. (c)1334
go°r¢éngK. (d)1334.16 KN kuzey y°ng¢ g°r ¢
(0 T SN U0 USSP 132

4. 5B-75 rCkmbEAe s deney sonu LVDTG6Il er de
mi ktarl|l &r &eantA ¢zer..nde..g2.sl34er i mi
CHEDSTEDB7 5 numunes:i LVDTO6!l erden al énan ort
eksenel kekk (M) i k.t.i.r.me...e]J.r...435.

4 CFDST-D-7:5 numunes. LVDTO6I er4 n eksene
yerdeji ktir me(.mm)..e]j.rL.i.l.er......135

CFDSIF-B-7 5 nNumunes: dék t¢epteki Kekil dej
ortal ama ek skerkdll dyedq k (kk.N.)r.me....&835r i si .
CFDSH®-7 5 nNumunesi I - t¢ept eki Kekil dej

ortal ama ek skerkdall dyedq k (kikt.N.)r..me.....&836r i s i
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CEDSE-D-7 5 numunes. dék t¢ipteki Keki
eksenel kKekk (M) I kK t.l.r.me...e]..il.]136r i .
CFDI-D-7 5 numunes: I - tept eki Kekil
eksenel kekk (M) | kK t.l.r.me...e].r.il.]136r i .
CEDSB-R-75 numunesi deney ©°ncesi geor ¢
1540. 17 kNoOodaki davraneéexkl!| ar é: (a)D
(b) Deney °ncgsi((kpk@4l8y8n kNé6da nu
y°n¢gnde 2. ve 9. grid i zgilerinde
kN6da numuneni doju y°n<,nde 1. vV e
bakl angécé (e)1540. 17 kN g¢neydojou
L e £ 1 PSPPSR 137
CRDSTeDB7 55 numunes:i 1422.45 kKN ve 1275.
deney sonu geré¢negkl erio: (a)1422. 4°¢
belirginlek en bur kul ma. (b)1422.45 kN ku:
kuzeybat é y°ng. (d)1422. 45 KN kuz:é
LVDT-2 deney d¢zenejinden -ékarél mada

(d) Deney sonu .g.¢.ney.bat.e..y.2.n.¢l38
4 . 6D47 5 nCFMUSNTesi deney..s.0nu..43r ¢n¢kl
4. 6B-50 rCkmbBAe s deney sonu LVDTG6I e

mi ktarl|l &r &eantA ¢zer..nde..gl.sl4ler i mi
CHDSTeDs5 O numunes:i LVDT@Ierden al eénan
eksenel kKekk (KKK) i k.t.i.r.me...e.]J.r...442.

4 CF®S3T-D-5: 0 numunes:i LVDT()IeHn e k
yerdeji ktir me.(.mm)..elj.r.i.l.er.i.... 142
CFDSE-B-50: numunes dék te¢epteki Kekil dej i k

ortal ama ek skerkdall dyedq k (kktN.)r.me....842r i s i
4. 650 ChRD®&Utneepstiekii - keki |l dej i ktirn
ortal ama ek skerkdall dyedq k (kktN.)r.me....843r i s i
CEDST-D-5 0 numunpetse kidéwe kti¢gl dej i kKt i r me
eksenel kKekk (lKdN) I kK t.i.r.me..e.j.r.i./148r i .
CFDSA-D-5 0 numunesi de]j itkgptrenkei °kekeirl
eksenel kKekk (lKdN) I kK t.i.r.me..e.j.r.i./148r i .

4. 50 nCUMDUSNTe si  deney %.04ckN,4667.9°r ¢ n ¢

kN ve 1662.80 kNodaki davranéxkl!l ar é.
y°ng. ( b) Deney ©°ncesi kuzey y°ng.
-izgisinde kire- boya d°k¢l mesi . (d
-izgilerinde kire- bbyga2d86G¢ kNMédand
-izgisinde burkul ma bakl angeldde. (f)
4 . 73350 numnEdDIS@O.6 kv e 1167 . 39 kNOdaki d
(a)1569. 6 k N6da 4 . vV e 8 . grid -
d°k¢l mesinde artex. (b)1569.6 kN g
kuzey y°ng. (d)1569. 6 kN g¢neybate
gridc-izgisinde be(fiybia7T ex®&@nkMuglk:
L e £ PP 145

4 . A5 Q rCdrushTe s i 1167. 39 kNodaki da\
goreé¢negkler®9: kNadadal@zgz.nydoj u y°ng.
kuzey y°n¢. (c,d, e, f).Deney..sldnu gen
4 73, DST50 v SADSFR-75Snumunel eri nin i - ve d
ortal ama eksa&mr&«li | dejyi¢kkt i r me e’
kar kel akt.erel.mas.. .., 148
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| 4 . 750, CFOSF®&S Ve CFDSFP-50 numunel erinin i- v
-el ik t ¢ep ortal am&i |dlegemnxalir mesk ejril
kar kel akdt.er.8l.mas. . ..., 149

I 4 . 7-D-75:ve CFBHFH-B0 nNnumunel erinin i- ve de
ortal ama eksa&mr&«li | dejyi¢kkt i r me ej ril
kar kel akt.er.e.l.mas. .. 150

IGebn.ell :akma y°nt emi il e akma noktaseénén
Uy ar |l anmMe K L Bl )i 152

| D&uluR bok | uk orané O0.75 ol an numunel erin
yerdej]i kKtir me.(.mm)..e]j.L.i.l.er.....155

| DBl 81 uk bokl uk oranénOeB@emélany@Iu(mlum)e
yerdej]i kKtir me.(.mm)..e]j.L.li.l.er.....156

IDSET. numunel greir dyedk (Kl{ N me.(.mm)..15Jr af i ] i

ICFBST-® numunel eyerdegk( kN) r me(mBg grafiiji

ICFBST-® numunel eyergeKk( kN)r me.(.mxdy grafiij.i

ICFBST-D numunel ewyergdegk( kN) rme(mB grafiij.i

| CEDSBR-75, CFDST-P-75 ve CFDSFD-75 numuneleri eksenel
yek(-k&pdej i ktir me.(.mm)...ej.r.i.l.el6l

| CEDSBR-50, CFDST-P-50 v CFDST-D-50 numuneleri eksenel
yéek(-k&lpdej i ktir me(.mm)...ej.r.i.l.el6l .

| DST-7%, ®ST50, CFDST-R-75 ve CFDSTFR-50 numund e r i g° - me
sonraseé g°r¢néegkKl eri ve -kdeékk |-deeljiikk tti gpmee |
€] I il 171

I LCFDST-P-75, CFDST-P-50, CFDST-D-75 ve CFDSTD-50
numunel er i g°-me sonraseé go°r¢negkl oeri ‘
yek(-k&Ngki | dej i kK t.i.r.me...ej.r.i.l.e.r.il72

612 : Numunel erin deney sonr asé genel g°
OO T &N Gk L 174
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elbiekt onar me kompozi't

BASI N¢ ALTI NDA DENEYSEL OLARAK KNCEL]

¥ZET

ompozil esnapkEareé v ébetdnzbetdbnarinek Kompozit &olomlak

c¢m¢gzde -0k katbiel im&krel gstl & n yspeekl-laar ki lae
|l anél maktadeéer .é Koeanpiok, t b,eFREmbd/ dieheonmaanr m
| a mal zemenin bir araya getiril mes
| V¥ pkfF &€ oromhadnuskl-aar é&ar tt ér €l mék bir el eman
k°pr¢ ayakl ar énda k o nkp odza yta nkéonh,o ngl °arr eécne
a k¢-¢k kesit geometrileri, deprem y¢k
enl ¢kl er sunmaktader .

kol onl arén betonarm
ml i yapésal kgadgnl ¢j¢el bl uwrerkame Kkuvve
éen - yekl eri altenda y¢ksek dayaném g
onar me kompoz kol onl ar her Ik mal z
a y¢ksek yap K épselar fdpoer- nmai nkse  skuandnaar k tkaudt
Ftli -eli k t ol onl arén gerek dayan:t
anéeml ar énén I [

durul maya bakl anm

él masé i-in i-1eri

et énl aBui lkekil del igi
- al
eks

m—q

amsal ve deneysel al ékma g¢negmegze ka
al ar da mi mar i ger eksi ni ml e rhedeflesi kKira
enl eriyle kolonlarda keskiut boolyaurtdkar ié+
l erin kullanémé g¢ndeme gel mi kK, bu t ¢
nda -al ékanl ar i -1 n oanmau.kd B & ytt aékcéema Kk o
asitesindeki °neml i artéexklaréefzyaneé s
Prilmioktior. ¢ift cidarl é& ol arak ol uxkt
an b°l¢egmlerini nobenyemikdirbe dol dur ul mas

eratg¢rde 0 o-i beton dolu -1ift cidarl é
échavarkanékl!| ar e bir -ok parametre kaps
e

ne
sayésal - al Kmal ar bul unimakt a#éror aBe |

ST kol onl arén basén- dayanéména ol an
o myeikft ckat kel ar én bet onun basén- daya
i nmesine kar K én, CFDST kol onl ar da [
ékmal ar séneéerl & sayéedadeér. Bu -al ékma
| uk oranlkaer&é vwetdomnf kklaltanéméneén CFD
formanséna et kisini i ncel emektir.
FDSTO6I1 erin eksenel basén- altéendaki d
eyl erinde kull aneél mak czere toplam 8
arl ammé Kk , TeKant &n | ni versitesi (KT} ) Y aj
ti Il mik ve test edi |l mi ktir. Tasarl|l anan
bok -ift cidarlé -elik t¢p numunel er
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cidarl & - eder(KFDETRpPp, nBmugrupta i -i polipropil.
dolu -ift cidarl é& -R)l ike t4.p owruurputnee |iese (iIC-FiD S-T
beton dolu -ift cidar-DE bel ukmakpade@muneEéerg
adet numune yer almtk olup numunelerden birinin dolukikko k | uk or ané 0. 5C
erinin ise 0.7506¢tir. Téem numunel er 300 mm
é sahiptir. Tém numunel erde kull anél an
p 3.58 mmoéadikwekiTledsd] isgtriersmenc® | -erl er ve yc¢
[ topl anmécx, el de ediklekn | defji k-err md everu
eji Ktirme ejrileri el de edi |l mi ktir. Bu ¢
[ m y¢k kaplsotahlearé vieelsigmleknmi k' ve d
I meékt ér. Deneylerden °nce numunel erin
6016, EN 19941-1 , Al ve20dBT HYEret mel i kl erinde
n

e

'O @O DO T T
—>

n
o 0o x~=co—

télar il e hesapllaanknté&r, € [dneénketyesre.l Aryerréd c ae,r
modl|l aré& karkeél aktérmal e ol arak i ncelen

Doluluk-b okl uk orané ve sandvii--i bbedtaamntt dariléadiafrd rék e
-eli k tepuECrdISANDin i -el iblokt ¢gp ftDS®4)damdmaunel
-otaha y¢kdalsddymeg ména wsveahdphal dgnek davr a
sergilediji g°r¢lmegkter. ¢Celi k tegplerin aras
t¢eplerin eksenel basen- sdgaghhiemernad ah 8B B ~ & B4
°neml¢idat it +t erMykteadé-b drollwk uakkr anéaldiaki t gpt éxkeé
enkesit al anénén arborkad énaild&dBTN@amentdni &k t ¢ p
eksenel basén- dayaneméné %26.9 oranénda ve
ad na
f

Qorpw3I<<o0o'Qa
° o

go°r ¢l mekt kar Kén, beton enkesit al anene
kar ekéemeée | [ ya da-bbkfaskzofankedmkksiazitm®k
beton dol u - i f(GFDSA)ndnaumeleirén -eek s e&kn etl¢ pbas én - day
%1.2-8 . 9 arad &lgtétm&jaeme Kkt ¢r. Buna ek ol arak, CFD:
ol arak olduk-a s¢nek davr abmé@k!l uskergin deened &k i

e

é
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art eken CFDSTO6I1 erin s¢nekl i Jini ol umsuz et
polipropilen |ICEDSDmlagrcilre dltdeomedlarEaasén- kap:
i ncel endi Jbionkdleu kd colrualnuek i | e dojrudan il i «kki/|
Doluluk-b okl uk orané 0.75 olan numunel erde -el ik
kull anéménéns€r®ISTHheeénn dlByanéeména °nemli b
buna kar kbéonk | udko lourlaunké 0. 50 ol an numunel erde
donatéel é betonlarén CFDSTO6l erin eksenel basé
gor ¢l megkt ¢gr . ubhdofuukbokadud&l @eraeteondaki artéka ba
bet on hacmi nedeni vyl e, et ki sini tam ol arak
bokl uk oranée farketmeksizin, polipropilen |i
beton ve -eliokn tded!l ud onmuamuénleél eb @t kéyasl a dah
sergiledi kleri sonucuna ul akel mexteér .

Numunel erin g° - me modl ar & incelendijinde, -
farket meksi zin, i stisnaséz t¢ém numunel erde
itibaren~ %1 0h) meydana gel di i go°r ¢l megkt or . DST v
te¢e¢plerinin burkul ma modl arénda farkl el ék g¢©
t¢e¢plerinin deka dojru, CFDST numunelerin i-
gor ¢l megktpr . elBauerallrubasén- et kisindeki bet on
-eli k t¢gpte olukturduju basén-tan kaynakl an
modl|l aré& karkeéel aktéréldejénda ise t¢gm numunel
modl ar é& ayné éeokl maeslé nka tkeaprlkeernd,e dmey d-ana gel en
bokl uk oranéna bajlée olarak farkIl & Db°l gel er
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|l uk orané 0.75 olan CFDSTO6l erin déexk t¢
rak numuneni n gelerde (%(2830)medolalukly aklémnk bdd an
O olan numunelerde ise déek t¢gpte mey
unenin orta keéesémlaréndéad) iy styokesE ai
ol megkt g, B b oku rulkmuorr ,a ndsollauldt utké k- s n&kretsa
numunel erin daha rijit hale gel mesi
érl ama et ki sinin artmaseyl a bet onun
nakl andeéej é déekenel mektedir . Ayr éca,
ef ormasyon/ hasarl ar én en ger - ek - i bi -
ren izlenebil mesi ve beton il e
numunel er deney sonr asée i ki ye
jMendeel ibket bapl er arasénda g°-m
°l gel er) haricinde Dbokl uk g?@
y i ol duju geo°r ¢l megktgr . Ref e
ul d-uglui ko °tl sgpell eerr dwee ol eutkam ar &
n dolu numunel erde dfaha f a
a
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a referans bet on gdenl u DS
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rametreler kapsaménda incelenen CFDSTO®!
sayeéesal -aléxkmalar 2. B°l ¢mbéde °zetl el

()

I BM numunel erin tasarém parametrel eri
eyl erine, numune cretim sg¢égrecine, de
esince kullanélan °I -¢m/veri topl ama c
rl ek glbaeenai aydelt méexkt er .
e

—
(9]

e
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il erin dejerlendiri

\_)xm(\_m.
= W N = 5

s¢resince yapel e
mesi ne 4. Bl ¢mod
Bl ¢mdde deneyl erden el de edilen sonu

mel i k bajéntéelarée yardéméeyla yapélan |

T Ol OM SVOW < T PR 4 9NSTOYWTVOLQODRNOOOTFDDT L !
o -
=

B°l ¢mb6de ise -aléekma kapsaménda el de
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EXPERIMENTAL INVESTIGATION OF CONCRETE FILLED DOU BLE
SKIN STEEL TUBES (CFDSTs)UNDER AXIAL COMPRESSION

SUMMARY

Composite structural elements and especially stetrete/reinforced concrete
composite columns are frequently used in rastbry framed structures due to their
superior structural propertieSomposite structural elements are formed by combining
more than one material such as steel, concrete/reinforced concrete and FRP, and they
turn into an element with highly enhanced structural properties/performances. The use
of compositecolumns could find implementation potential in structures such as
bridges, higkrise buildings especially located in seismic zones due to their numerous
structural advantages overdinary steel/reinforced concretelumns.

Steelconcrete composite columns posses sd\&lvantages over reinforced concrete
(RC) and steel columns. Composite members combine the strongest properties of both
steel (high tension capacity) and concrete (high compression capacity). Steel
reinforced concrete composite columns offer highercairal performance by
carrying the structural properties of both materials. Many theoretical and experimental
studies on such columnsp called concretélled steel tubes (CFSTs), have been
conducted to date. Until a short time ago, steel tube columhswx or pipe sections

were filled with concrete, with or without steel reinforcement, in order to improve their
strength properties and increase their fire resistance. In order to increase the potential
rentable floor area by limiting crosection dimesions of building columns with
smaller crossections and higher strength, and to provide a better solution against fire,
new generation composite columns composed ofinHdebe configurations (mostly
concrete filled, e.gdouble skin steel tubes (CFDS),sare proposed. Building
columns made with circular concreilted double skin steel tubes possess many
advantages over other tubular columns due to their superior structural behavior mainly
from confinement effeqirovided bythe tubes to the infill aacrete.

In the literature, there are some experimental and numerical studies examining the
behavior of CFDST columns under axial compression within the scope of many
parameters such as steel tube thickness,
ratio, hollow ratio etc. From these parameters, it was seen that there is no consensus
regarding the effect of hollow ratio on the compressive strength of CFDST columns.
Investigations reveal that impact of the hollow ratio on the axial performance of the
CFDST columns should be further studied especially for buildings in high seismic
zones.Besides, although it is known that fiber additives significantly enhance the
compressive strength of concrete, studies examining the use of fiber reinforced
concreteifled double skin steel tubular columns are rare. One of the unique aspects of
this study is to examine the effect of hollow ratio and fiber reinforced concrete on the
structural performance of CFDST columns.
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Within the context of this thesig, total of 8circular tubes including 2 DSTs (double

skin steel tubes without infill) and 6 CFDSTs (concifdted double skin steel tubes

with various parameters) were tested under axial compression to failure to explore
their potential structural benefits. Impact presence/absence of infill coete,
sectionoés h ol | Go7®), anda sandwiched ccen@retd @ype (plain,
polypropylene, and steel fibers added) were the experimental paraniBters.
designed specimens are divided into 4 groups: first group irckhe@ehollow double

skin steel tubes (DST), second group includes the reference concrete filled double skin
steel tubes (CFDSR), third group includes the polypropylene reinforced concrete
filled double skin steel tubes (CFD%), and fourth group includesteel fiber
reinforced concrete filled double skin steel tubes (CFD$T There are two
specimens in each group and the hollow section ratio of one of the specimens is 0.50
and the other is 0.7l specimens used a height of 300 mm and an outer sieel t
diameter of 170 mm. The diameterthickness ratios of outer and inner tubes (D/t)

are 47.5D=170 mm) 32.6(D=114.1 mm) and 21.3D=76.1 mm) Thicknesses of

the steel tubes were kept as the same to be t=3.58 mm. From the concrete compression

testscompression strengths of plain concrete, concrete with added polypropylene (4.5
kg/m?) and steel fibers (25 kgAnwere obtained to be 35 MPa, 49 MPa, and 41 MPa,
respectively.

All specimens were manufactured in the laboratory. Special emphasis wagpaid
cutting the steel tubes into required pieces to maintain the straightness of the specimens
and formworks to better provide the axial load concentricity. Outer and inner steel
tubes were placed in the specially designed formworks and then concrgieused
between them. After curing procedure as per the standards, an obvious settlement in
concrete part occurred on top of the specimens due to water evaporation and the
shrinkage. To provide a uniform (i.e. full contact) loading condition over thenigadi
surface, these gaps were covered with the epoxy capping.

Each specimen was tested axially using a 5000 kN compression test machine with a
slow stroke control at a rate of 0.01 mm/sc, such that the local buckling behavior of
the specimens could be carigy observed. All specimens were loaded to 80% of their
ultimate loads in the descending stagaial shortenings of the specimens were
measured with four linear variable displacement transducers (LVDTS). Six (two on the
outer surface of inner steel tubed four on the outer surface of outer steel tube)

l ongi tudi nal strain gauges -heght® measutent ed

axial strains. Data gathered from these strain gauges were used to validate LVDT

measurements at the early stages of loadinBe f or e testing, outer

of all specimens whitewashed to observe vertical deformations. All experiments were
recorded with a video camera and were photographed from different aspects. Each
tests took approximately 485 minutes. Prior a testing, preliminary capacity
calculations are done to estimate the axial load capacities of CFDSTs. To estimate the
axial load capacities of CFDSTs, AISC 366, EN 19941-1, AlJ, and PDACS£016
regulations were used to detemine the material propeantigsalculate the axial load
carrying capacities of CFDSTBesign formulas proposed in AISC 386 and EG4

give very good predictions of the ultimate strengths of circular DSTs and CFDSTSs.
The maximum error is within 13%.

In the axial load tests, effect pfesence/absence of infill concreb®llow ratio, and
sandwiched concrete typs well as failure modes are explained for each specimen in
detail. Axial loaddisplacement graphs are obtained based on the experimertal dat

on
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1
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compared and results were explainggpical failure modes of the specimease

el ephant 6s f oog¢ fallaresdas éxpectedlherebmere kd abvious
transversaldeformations for all specimens before their yielding loads except for
vertical deformations. When the load has reached the yield point, whitewash flaking
was observed around the top yielded portions of the specimens. After reaching the
maximum load, specimsrstart to locally buckle from the top first and this buckling
propagates over a limited are@FDSTs failed by yielding of the crosgction
invariably but the observed failure modes are particular to the type of cross section. In
CFDSTs with the hollowestion ratio ol =0.75, bulging of inner and outer steel tubes
concentrated more towards the top side{80)%h from the top) of the specimens.
However, the CFDSTs with tlee=0.50 hollow ratio, a typical local buckling occurred
around the mi¢height regon ((40~60)%h from the top)which is attributed to better
confinement of concrete infill. For the DST specimens, the outward buckling occurred
in both the inner and outer steel tubes. For the CFDST specimens, the outward
buckling was observed in the outteel tube, while inward buckling appeared in the
inner steel tubdue toagainthe confining pressure of the sandwiched concrete

Experimenal results show thatndependent of the concrete composition (i.e. with or
without fibers) and hollow sectioratio, concrete infill has significantly inmnpved

axial strength (up to 85.5%) and ductility (up to 333by delaying local buckling.
Besides that, in DS$pecimens, increasing the hollow ratio incredszh the axial

load capacity (26%) and ductility (8.2%) mainly from larger steel cressction

areas used. Independent of the hollow ratio, computed ductility values from the tested
CFDST specimens are larger than the DST specimens. This reveals that the
sandwiched concrete could enhance the ductility itsy confinement effect.
Independent of the fiber reinforced concrete composition, the higher value of the
hollow ratio hasa slight reducing effect on the axial load carrying capacity of the
CFDST specimens due to decreasing ceessional area dhesardwiched concrete.

It was found that when plain concrete, polypropylene, and steel fiber reinforced
concrete filled CFDSTs with =0.50 are
c=0.75, increasing the holl ow ratsao sl i gl
the specimens (2%, 4.9%, and 8%, respectively). It is recognized that the higher

the hollow ratio, the higher the ductility ratio of the plain and steel fiber reinforced
concrete filled DSTs (8% and 49%, respectively). On the contrary, highewirakio

reduces ductility of the polypropylene reinforced concrete filled DST specimens
(43.5%) due to relatively rapid degradation of the specimen cap#disyseen that

fiber (both steel and polypropylene) reinforced concrete filled CFDSTs hatdyslig

more axial load carrying capacitie§.65%) CFDST-R-75 and CFDSID-75
speci mens behaved more ductile than thei

After the tests, the specimens were cut in half to better observe the local deformations
of the inner steel tube and concrete and to get an idea on steekanoesched
concrete relation. Vertical cut surfaces of the specimens show that, concrete worked
well with the steel tubes in general, no gap appeared between the concrete and tubes
except for the failure regions where highly inelastic behavior is obséefveen the
sandwiched concrete is subjected to the axial load, aggregates squeeze until
discontiruity limit. With the point of discontinuity, cracks start to form around the
aggregates and combine till the limit of dissociation. With the expansion of cracks
after the point of dissociation, concrete starts to expand laterally. Concrete expansion
causethe inner steel tube inward buckling. This mechanism also occurs in the
specimens with fiber reinforced concret e
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progress in concrete which means complicate the reaching of dissociation limit. This
behavioral feates explain that fiber reinforced concretes have higher axial
compression capacities. Gaps/voids between the sandwiched concrete and steel
material occurred around the buckling locations of inner and outer steel tubes. In
comparison to plain concrete fillespecimens, polypropylene and steel fiber
reinforced <concrete filled speci mens have
|l ocations. This is because added fibers prev
locations.Regardless of hollowectionratio ard concrete type, lateral expansion and

axial shortenings of the reference CFD&ifs higher than fiber reinforced concrete

filled specimens. It can be concluded that addition of fibers into concrete restrains the

concrete expansion under axial loads asd algnificantly increases the rigidity of the

CFEDSTs.

Outline of the thesis chapters are given below:
In Chapter 1motivation scope, and research approach of the thesis are explained.

Within the context of the design parameters followed, begperimental and
theoretical previous works on CFDSTs are summarized in Chapter 2.

Chapter 3 is devoted to the design parameters of the specimens, material properties,
material tests, production of thepecimenstest seup, instrumentation and data
acqusition system, and other details of testing preparations.

Observationgaind evaluations of experimentally obtained behavioral curves are given
in Chapter 4.

Chapter 5 compares results obtained from the tests conducted in this thesis and
analytical eqations proposed in some current structural regulations.

Results  obtained from this thesis are summarized in Chapter 6. Also,
recommendations for potential future work are discussed.
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1. GKRKK

1.1 Motivasyon

Kol onl ar eksenel yék Keardy@reanl- defpsrteem eknu v
yapeé el emané olgfmalmargpndemi dolrdy&l erinin d
b¢yeéek °nem ¥axlelmakltedéok katl e yapéelar v
dayams@aml|l amas é, kesi't boyutl ar éne séner |
ol ukturmasé, y¢k takéma kapasitesi y¢ksel
altenda ¢st d¢gzey davranék g°stermesi, Ve
st eé¢n yvarp@mséak!| addae nedeni yl e 1 - beton/ be
kol onl arén Kkul |l ané kueamsaleve deneysi oaktdar malpa&id ¢

ge-tik-e artmaktadeéer.

Daha °nce yapéedaallebal gk makradeanblet osnudaoa
codar | ©¢ p léebncrkte filled double skin steel tub@SFDST) d avr an é kK € n é
et kil eyemarbamet—+aek ol duGCrDSbTidllienrmenk t ceav man
° n e wtkenlerden biri olan doluldk o K | uk oranénén etkisine
ul ak éd katméarm Buniaf tekciod amla& , i - i bok -el ik

steel tubes@ST)) ve CFDSTO6Il erin davranék ve ¢g°-me

amaceyla -elik tg¢gpl eri n® naernd gaganiéireroldvakt on d
kull an@dlymecisféerdonat el & betonlaréen refera
perfomans g°sterdiji bilinmesine karkeén,
donateéel é betonl ar a i | 1 k Kk bunada bui konunurma | & K ma
arakteéereél maseéenraBudpalij ¢ lenbnd ay all enkimd dokilakp s a mé n
bokl uk oranéeé, -eli k hegpwl e masalrasdeddn
kull anéménéek€EDESTOeKi mlnaelanctkitkdeneydeh vr an é
ol arak incelenmik, g¢enceel y°netmel i k|l er
edi | mi ktir
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1.2A ma -

K- i beton dolu -i1ift cidarl é& - dlaihka tyégklserki n vy
stre¢egkteorel °©zelli kt e, ydaaphéas ahla fe lfe nvaen | daarh at aks¢a
ama-|l anméxkter . Buna ileridgylag €d laarakk bk d nunsiell e - ial
ve uygul amal ar i -in bu t e heddilentnektedir®° n - al € Kk ma

¢tal é
dol durul omlas e mle hb o kdveupalipropileralih & n € hti ekl donatel e
beto

Kma Kkapstancéinddaar,l é- - €l ick dingphbheBebRrai betven

nClFeDrSermod kesr e me | basén- dayainean&l evremiskitnierk.l i
Parametrelerin karkél akt éertmagl én uimumel e nrneetsiil mee
| aboratuvar or t amé n d amoretoriik aolarakéekesmneni e/é yéek alt
b°yl ece davraneéek eajnrai-ll errHroaiwt éell e ei lediill i mesal €
hezl anmakla birlikte bu -al ekxkmeasel Birapsaménda

-al ekmaya ul akél amaméxkt er .

13Kapsam ve Y°ntem

Bu tez deneysel -al ékmal ar erlendrimesindgnl er den el
ol ukmaktadeéer . Toplagpmda | 8 p & dndkdokrenh aanket héer régl nnéa s €
amac égsitlga uba ay mgedtamébkoékri f t 1 .ci darl & -el ik tg¢pl
gruptareferansbeon dol u -i ft ci eRar,| 8 .- glriukpttag pl-dr p(oC

| i f dbetonadbl@ li & t cidarl e -Peved k dgroppettal ki( CIFDST
donaétandodr i ft cidarl e -Beplhkl tgmalerad EFDSHer gt
numune i -ermekte olup numunel erden birinin
0. 7 5Hoatziérruraunederde® | ukabi | ecek mal zeme Kkusurl ar é
ol ukabi | cedkg ¢ankesl aekrleékk,| ayre dbkr obmasauammaedg ha 2«
adet hazeér |l anmeé ICEDSTe k sTeonpd la ntdaas é8n -a daeltt é nda Ks

i niversitesi Yapé Mal zemesi Laboratuvareénda
Her bir b°l ¢m¢gn kapsamé akajeéeda °zetl enmi kKt

CFDST®OGel eirl giill i daha ©°nce yapél mék deneysel
parametreler kapsaméndadui nad BaxmBa?l kagmé det on dol u - i
cidaié -el i k t¢gplere (CEFEDSTs) i1 likkin °nceki S
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y°n

¢ al

S e

¢m 3onteel enumu tasarém parametreleri,

eyl eri, numune ¢retim sgeecidenegneayrr d
| enéeléam ver.i toplama <ci hazlaréenén koni
eci detayl méebteéerkekilde a-éekl an

él mék ol an eksenel basén- deneylerini
l en veriler ile -1 zilen eB%li {myed @t er
il mi Ktir.

¢e¢m 50te dedeVkarparmauneeltdree nde birbirleravep s a mé

et mel i kab dpewepgyellbaar éhesapl amal ar il e ka
ékma kapsaménda el de edilen sonu-1ar
Bl ¢ém 66da veril mi ktir.
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2.K¢K BEDODNC KFT CKBARIKIK PLEREFDSTs) KLKKKEK
¥NCEKK ¢ALI kMALAR

21Gi r i K

¢elbiekk onar me kompozit kolonlarén yapeéesal
-ekKi tli geometri k form ve koerlaztasarlanarakz el | i |
arakteérél maktadeéer. ¥ncelikle i-1 beton d
daha y¢ksek yapérdiaj i pierif obadanst mékt amac é
betondoluek- el i k t ¢pl erin (CFST)|l @dramalaarcdd mr led
s°z edi | ¥apkdmah ar abkenucundab &K € nkcod | oanrl ¢

ol duju g°r¢lmgk ve CFST kol onl ar gel i Kt |
adl andéreéel an i - beton dolu -ift Beidarl
bel ¢ mge, EEST ve CFDST kol onl arée Idayerk €l akt
veril miktir. CFDST kolonl ar dai rladael , di
tasarl anabil mekte ol up dai rdehayeay gvéen doil kadr®e

uygua ma al anéeB°dbulmdet3dmai r es el formlu CFDST
yapeésal perfor mans gesterdijini a-ekl am
geometrisine ilikkin yapéelarl %mceeklid k- al
t¢eplerin arasaeadai dobdtuooban-ift cidarl é

et ki si il e Il gilayréhmekFBsSTal lexlmanlaaraén
performans!|l aréné etkileyen bir -o0ok par amé
baséayanéeme&l i kK m&ma- elaiyvene¢gpl erin D/t or

parametrel emlke -iall g¢iklma lyiampbéol«knhéukkt éor. a nBEo |l iu

parametrelerden biri ol maséena karkén ©°°nc
sonuca ul ak é maziadre kK C € ioslardd® fidulukb o K | u k or an
et kisine ilikkin ©°ncekRI| ¢ rbadibedeomedieimmriaee y e r
ile 11 gili °séeki 8P4 h@ndizaifdaorndaatné| € bet on
CFST kolon | ar a ilTikKkino°o2pmekBi°l-améemaidbdre CF

kol onl arén g°-me modlaréné ve performans

37



sandvi- beton ¢gaemrd&dsei néuyeuourdejrul mi ktir.
CFDST kol onl arén g°-me modl aréné inceleyen °

22K - i Beton Dolu ¢elik T¢gpler (CFEST)

¢ elbiekt onar me kompozgel egmagpkés ed | e-mamlnilkar @ e beto
el emandCaga@mdaduk!| arée ¢stegn yapésal perf or mans
yézyel boyunda ye&ehs «k ab wokelekdrk trapsferkkllgleri ¢ | e r

gibi bir -ok yapéeéda kul ll26é&lbcaxnt eer{ ABeughnyg

i stasyonl adendéderii9e0ékeri k santr al bi nal ar ¢
ol arak kull anél maktKkodmroziHamtveg kdigr dek203¥9XK.
Shangai Tower, D¢nya TilelariPetineMe vieleaht ielbPét mon

21). Bi r dijertkohporze t sywhk e klobaCaki otard Burj
Mubar ak Al Kabirdéin yapeme 2030 yéeleéenda sonl

keki IKo2mplo z:i t nrkood eorndl ayra&8mé | aS$hdngai Tower,| anéme: ( a
S h a n g a632 m)¢(hWorld(Trade Center, Ne York City, USA (541.3 m).
(c)Petronas Twin Toer, Kuala Lumpur (451.9 m). (Burj Mubarak Al Kabir,

Kuveyt (1001 m)https://www.skyscrapercenter.com)

K- i bet on dol u -el ik tepl er (CFST) yal én
karkeéel aktéreddghhamgaedadayagkemk,yusngnekl!l i k, g
kapasitesi gi bi bir -ok ¢ste¢egn yapésal °czell
dek¢meg sérasénda kalep gereksibraikmimémidaaol ma d ¢
uygun sonu- l(Hanvedqgr. me RtOel2liie kKa@&kgén20Il arak kul
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i -bieton dolu -elik -ti¢gmbek o®ni tdlodru kesttlér I T )ci d
(CFDST), - el i k g° mme kesbaveerge{CeE®diri | mi K
rijitlexkti rGF8Tmkesitlerp @Irpé k ti & amii K. T¢em CFEST ot

genel karakteristik °zelliji, -eli k tep
y ¢kl er e kdairrkedn -b i g°(sHkenrenvees iddiijr. , 2014) .
Celik Tip = Celik Tiip ~ Celik -
Tiip
Q Q
Beton’
Beton Beton
D B B
- sk cem}Tup Beton  Gelik Tiip Beton  Gelik Tiip/CFRP
(a)
Karbon Celik Tiip Paslanmaz Celik Tip/CFRP/GFRP
Beton
Celik Tip
(b)
Beton  CelikTip o CelikTap  Beton
Donati Donatt
(©) (d)
Celik Tiip i¢ Celik Tiip Donati
Celik Profil ‘ ‘
Beton
(e)
keki lGe2ne2d :CFST (R&sitbremasdol u Kelik t¢

betondolwi ft ci darl e t¢pler (CFDS@EXKI ae) ¢el |
g¢-lendirmRiljii CFESKSETH{eHm2KHe edi Uy adr |l anmé

Basén- alteéndasarakesiiaki |Itasnpal ketra ,b ebteotngarel i s e -
olarakb ur kul maséneée K-eicilkdtiomedkdledi+el i k tg¢p

yal én betonarme kolonlar ile karkel akteéer
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gester mékpeéelddnr .arakoer chal ar -i fit kedarl e - el
kol onl arén bDbilekenllapasint eelkesreinneil+80 ytidkp | taarkeenm
daha y¢ksek eksenel yé¢k takema kapasitesine
Cai, 20199k eki-h6@a3-el i k t¢ipwe betiormertmen kKollwun - el
(CFST) eksenelr drmesre nk ardiag/laanitod raé |i nsaes ek, e nkae ki ikl
ol arak e&keeaerél yg&kil dej i ktir mebepnuafi kl eri v
basén- dagwsbdné&mésgpaakma dayanéeméené, D déxk -el
kaljeennnéé bel i rt mediohaentdiolguk a®¢elamk ,t g p+tbk t¢p ve

kol onun eksenel takéma &mprsiitfedede  @ti me kmtae &im
23bodeki kgea go°r ¢l dej ¢ é¢zer e, o= beton dol u
kapasitesi -eli k t¢p ve betonar méilekol onun t

b¢yeéekteor . A ylroédcea g °krecklidle 2. 3z zere -eli k te¢gp v
karkéel amCED8Td®jladnnk-a s¢nek davranék g°°ster
2014).

3000
fu=T8N/mm?’ .
—_— 151)()-_I;=363N/mm: ---O+---- -----
eZ_:/ D x =160 x 3.46mm i 2057kN
E 2000 p-cccccncncncan .- ; _9_._1_}\_1\{”“ =) 4 CEST
g @ 5| [/ \Geliktip
SR O “““ 92N & £\ Beton
= — RN
5 P G
£ 1000 F---z3arzr--~---[ . - - - - 5}
£ 729kN 2
% i3 oI
S 500 f---[R - - - - [ - - - '.. Celik tiip
* Beton
0
Celik tiip Betonarme Celik tlip CFST 0 Eksenel Kisalma
Betonarme
(a) (b)
keki ICF2ST3, :-eli k ve beton yapeéesal perf or man
(a) ¢elaimk,- elbieckaotee e oGFDST eksenel baséen- day:
¢teli k, beton, -elik+bktsenelVek€EkDBEWepkegehneme
(Hanv e 201t en uyadrl anméxkteéer
Abed vV e diJ . (2013) 06te dairesel CFST kol c
davranéklanm éheénaynell elyir - al ékma yapméxkl| ar deé

gen kK1 i k(-ap)/ k20)38 bdbdveldetorokaragkreed | SsD/itk= basén- daya
(44~60 MPa ) . Topl amda 1le6k saedneetl ¢(praestedilereGeSIvieé nd a
numuneye el/dl aoaraklayreeaa sahip i-i bok -el ik

test edi | mi kKas éwme ek st eemedla k ib davranéxl!l ar é CF
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kar Kk @€l ak¢taélrééklmaé kstoemucunda y¢ksek D/t or at
basén- dayanémée a@ritntekHl - §,laic&RTK akddlk@kenD/ t
sahipnumnel er de bet onndba&ks é C&STtklEsdyaamemMme s ¢ n e k |
negatif y°nde eakel mdkjfeér soBuonaneaelt ol ar a
orané akddredkl- abaaysaemgm& kVej i n az aBek&] &€ g° |
KekiD/dte, or a n@STakoldnlardak a a g éelt &kmas | azal dej éno
numunelerin eksehe b as én - dayaneéml ar.eGF8Tnve 8T Kt ¢] ¢
numuneler kae | akt ér él dajs@&md a ndamhb@ i asn€ z CRST ar a k
numunel erin eksenel basén- dalyahearl alr&jnen

daha y¢ksek ol duju gor el megktegr.

K- i beton dolu tg¢plgediemekslkebar ecdi §°zxe da
csteé¢n yapeéesal © zreltladlkél eendatandilaw ymearken asfiéérna, b¥i
-el i k te¢gpen i1 - jknoel odhoulnd uarjuél ralné jbeentéo n® ne ml i
yapédaban fazZladepr em yéekeéne mar uz kal masén

Dayaném/ ajéerl ék oranénda&n Bt gl grdkes ekanr
tasarkeméndlk fakt?©°r,220). ( Ayough ve di]j

Buna ek olaraka r a Kk t € bamsa&me lethiginpdekiCF DS T 641 elridlein t ¢ pl et
kompoziteylemded aha ri j i tdodsagygelgméékens €t al anéna

bile- ¢k t ¢bpedteandnan dathaag &dadz,$ O lyerki n i - i nde
-ekirdek betokanmkeéel ik &kir @hsgpe jiglpel at ak € ma
°neml i bir é&tnkei ssi¢ rarema ceed]iZ2On8 Hassein ve d
CFST kol onl ar énf orarpé&msxallarpené i yil ektir mek,
y¢ckdakanéml e/wee rdaohramasngsridés, r ¢ 1 ebi |l i r se-en
bir di zi -al ékmal ar yapél mék ve - be
tasarl|l.€r®& 0t ér debket o-neukni rid-eikne i - i bok - el
edilen i-i beton dolu -ift cidarl é -elik

olarakad|l andér él makt avdeée rdeelki KF®gpél ek, t gpl er
kalanhal kaya dol déemwldam oSdmcwmaktlaeer. Genel
dayaném/ ajlkead é&ky agne€pnnéé me  r bujkulmald i f e nwie g° 2
°ne¢gnde bul undur ulgCrideaméda | @F S Tpdd refrocer man s
gor ¢l méykrtéicra,, CFSTOIl er ,i CéEDBAbkelrdrt BuéE Ld
téepen sandviime mbsea rogq@lt &k ma i sajl adejé ve s
-eli k te¢gpe koruyar ak vy ¢ kdabillomektedir.entarad ay an
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ek ol ar ak, CFDSTO6Il er genmak i a-bakbtclerddlain- adlaan t

a)

Iy bir Yaad-éemniekti gpl er i1ile karkélakterel dej é
derecede azal maktadeéer. Betonar me kolonlar il
kesitler kull anél déjeéendiknayapeael mdletmadhe&m.é nBia
yapesaliselignk aat isérvaes énédka - el i k t¢gpler kal ép

mal i yet ve zaman tasair-rufear d&éaK | -aanaikk atdepl. erAy
mal zemel er kull anél ar ak bikoredkzt yeadn r .d a yCaFnDeESnTed
tasar | aséemekleink lyern kayapm®@én dyds kKipsgeckm @lrhli &

y¢ksek performans yangén diren- |1 -el ik, pa
kul | anél a bAylonuegkht282@iBuddurgmy a p € e |teansaanrl éamméén d a
kull anél an beton miktaréné ©°neml:. derecede
oranénda daha s¢rder ¢l eabi-lékrar-meavkrteasdeélr b(iHa ss
di 2018).

CFST ve CFDST kol onl ar én davr Aneéwrall &rkémaé I n
yapél mekt er . ABAQUE@RULDqi byianya zs&lram programl ar é
ve sony € | |peorpdia @giderekadas isonlu elemanlar (FE)° ntielmd bir - ok

-al ékma yapél méxteéer. Bu -al ékxmal ar deneysel
beton araséndaki karkeéel ékl é etkilexkim, | okal
kokuddha edet ayl @ ol ar ak i nncegzeenreibnidemiokltuikrt.u r¢d
pasifs ar g etkisvapasis ar g € | abnedtéeanre | dreer anéké anali z - a
°neml il bWk rolzwrkt ur mak@laddéer (Tao ve diij,

Tao ve Han (2006)d6da dikd°rtgen formlu i-Ii
kolonlar( CFDST) , ki-kokberawven kdavmkanékl| ar éné inc
-al ékma yapméklardér. ¢al éekmada CFDST numune
il e karkel akt é&k @l one kn & md & iy e ngkkedd nimiver i K
narinilkor an® 3()2@di Jer parametr el aetdéd 3a ICa@all @rxk,ma3 k
adetk i r i kadetke k204k on ol mak ¢ z erdee nteonp®@F&BT i3r0 numun ¢
numunelerin dolulbb ok I uk oranl aré sabit olup 0.506di
kolonlar 5000 kN kapsiteli test makinesid e eksenel y¢k alténda test
modl| ar &k evkei | yd¢ejirkiklaarmme!l akt ér él mékt éer . Kar k &
CFDST numunelerin CFSTO6l ere g°re daha y¢ksel
ve daha s¢neld mpax@talaadmp ekagpsaménda-t est edi |

kol onl ar i -in de benzer durum s°z konusudur.
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nedeninimMC FDSTO6l erin daha fazla -eli ktoowdaaneéna

ol ukt ur duptkisiosl ednug rul admak ¢ n¢ |l mekt edi r .

Ayough viea0dD) . ge- mb rly évseayl adpeen eayns e | -al e
sonu- | amrmBm@kCRDSTVkaol onl amé&pamice | kiye - al € Kk ma
ve CFDSyap@&esaln performanséné etkileyen b

ol duj unu ort ayBa nettenly mbw | akréedséérmda eksenel

CFDSTO6!l erin davranékl arédnéceltdyeémrydntam

-al ékxkmal arén sionu-I|l aré incel enmiKk
23CFDSTOl erde Kesit Geometrisi ile Klgildi
Kare ve dairesel kesitli -0 ft cidarl e i-i

mimari nedenlerley awgé | arak Kkul élingliekor kdk slae dia
di kd°rtgen, altegen, sekizgen, ongen gi bl
-eli k t¢p kolonlarén da esté&ayhgémmail haa
ku | anélfdn ci daallwe -ielii kiettkopdkdiele sr2etrdi ¢ mi kKt i r

O||0 O

kekilYa2y.gen ol araK tkuelildamélaakn -ti; pb &tesn td
(Ayough2020 dij

CFDSTO6!1 erin geometri k formlarénén yapeés:
amaceéeyl aadarg¢hmier k- ok -haa é-kana d aigr@dranaglie nv a
kesitl CFDSTO6Il er.Ggnelti mdeardlr klamwek tvuer d
CFDSTOI er dairesel kesi tli ol anl ara g°re
kar,k éeénasar ém s¢rkacliommdebkia] Ivaenitiked eaki€ n kol ayw

nedeniyle daha -ok kullanéel maktadeéer (Ayo!

Gayat hri veetCBEBET, koROOUARr én dawn an é kall arkenre
yapméxkl ardeéer . kared e klama e |k alpssaimélnid aCFSTOIl er
-el i kin ¢glpdteanda ol ukt urdiurkil ag ®z Iseemléea rhiaknlde
250 dbei | eki kme ed&iirsedsnedlekvie kar e k-eesliitkl it ¢(QF
t ar afs@Gamrdgagniesrmam@gie | almmacheier | er i ni /akmaer en e
ejrilarmaktader . Ej r i | e (yadam/foerl aennldai rj & mad es ¢
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ol mal lna e dairasel kesitl CFSTO6I1 er de -el ik t ¢peén bet on
sénérl andérma etkisinin daBaradal ekekbda] uysgt
ve m§ i lhomeénma ktaapkasi t el erinde kare kesitl:i o]
fazla beton ve -elik malzeme kull anéeméendan Kk
1600 2000
1600 4
1200 . Simrlanmis Beton
= é 1200 1 Tmm
i’ 800 = hap
;s > 800 IH”“”“ Sinrrlanmarmig Beton
400 4004 e—»|
140mm
140mm / S
= 0 llu :In 3'(» 4In 5: 0 1'() 20 30 -l'lb 50 «\'n 70
Moment (kNm) Moment (kNm)
(a) (b)
kekilBe2.obnun séneéerl andér ddynaEdkejmeer |seérniénril ain-deérre
etkilekim ejrileri: (a) Dai(rGasyeadt hkreistviee ddFHS-
2006t en uyarl anméexkteéer

Benzer eekkl dg,pl erin sandviégésnébétaonm gz &1 ismnade
daireselCFDSTOoHdey de g e mdakileregi°kr ef orok daha g¢-1¢ o0
bilinmekt edir. dehekiese?2. §@daar e BgeeilmaedlaimnECFDSTo6de
gor ¢l mektedir, 2028)yKau gech kwes i @& iefiseneQdfilln&er 6 d

kokel erde vy af Bnd)a dadgeasdl kesitliCF D S & bBudgerilmeler

homojen ol arvaek meajkéelzma kdtod r u gdi>dBi>6ei k-e azal |
Sca).

(Ayough v
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Benzer Hweknigl dree, d ABAQUSp2Z Oolgbdesmmieeeleman modeli
ol uktur ar-akl grapa & | ha et gpe l( CKHSS I tvlei dii kdor
dékel i k te¢gp (SHB) i b-eevitdgakid ECeHsSe)| oklefsa k k § 2 e r

ter kesit geomenr doilme -gdhi pciid-airl et el i |
al tledadar anéekl aréné 1 ncel exmr kil ledejiirkt ictraneé
sandvigerimedappel émé, beton ve -elik t¢gpler

doluluk-b okl uk or amléem@inn CFEDBITané Kk é Banlarg ékk i s i z
olarak k ompo zi t kol onl ar én kasi €t Kkialpias ol asi |
paranet r el er bel i Oldenmdiak riesel k efel kad e7kesv e
-eli k te¢gplerijnu beédmérdlaamd uke uirldmedderki geor
t¢e¢p ve beton araséndakizikar kél ekpevet ket e
karkel ekl & etkilekimkgddiel BeFicnid ¢ el i¢grztem

-eli k te¢gwlier bietensamaséndaki kaverpp | €kl &
dairesel kesi tli numunel erde keaj él ar laare
kare kesitl] numunel erin k°kelerinde yoj

(a) (b)
kekilK-2.vie :dek -el ik te¢gpler i le sandvi -
gerilmeleri(a)Dairesel Kesitli Numuneldb ) Kar e Kesi t | i Numunel e
2010.
kekidodakBar e kesitl i BCFID ST gbhtasah lokasgohlr¢ k

numar alé&am,déek dkinwle 2c.68de b w venpdetilneled md dleir i p
ver i |Bunlaitnicrel e ngdiejriindme,sipni n numunenin Kk?©Ek
ol duju ve k°keden uzakl akték-a azal deéej e

ol ukturulan etlingirniamm kesi't al ane boyun
gesmektedir. Bunea okar kéeemr, alkeakni |li -2 .t8¢p Vv

karkeéel ekl e etXiel ex sme lgeemrd id jgriren ¢l @@ i nde o
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deji ki klikler ol md dixjtéeu,r uilant sgnénlramaneaki
boyunca hemen hemen homoj en daj el dej é geor
i ncelendijinde dai rdeskedl®°rk geint IkiesCEDST doll earnil ma
yeksakgelt &ma i g°sterdi] i iselbukulneayaldairsselt | i CFDS®

ol anl ara g°re daha yatkén ol duju sonucuna vVva

1 1 75 7
I I
P :2: 3. 4 5 67T 8 6F
] & & o © o o 0o o 6oF
2 3 45 F ’\5-
© u;i §4-
4 e | Kg,o. & 3
5 @ .T(l‘) 2F
6 @ .”” 5r 1k
7 % ?10 0 . . 1 0 1 N .
S e 9 0 5000 10000 15000 20000 0 5000 10000 15000 20000
& (ue) & (ne)
(a) (b) (c)
k e ki |Kar2 kesitli numunelerdervep2i - ve dék -eli k t¢gp ve be
kar kel ekl & et kil eki m pgerilimdsin{igpdgeriimesi (a) Lokasy
(Huang,2018). di j
Han ve di7]. (2010)6da dairesel|, kar e, k°kel
formlu, d¢z, ejimli ve koni k olarak ¢retil mi
eksenel y¢k alténda performansl aréné incel e

-al ékmaya g°re dikd°°rtgsame Kk(ecsointfliin enmuemrmutn)e |eetrkdi
dairesel kesitli olanlara g°re daha az ol duj

Benzer Kekil de, 013y waa Bhaovve Pat¥karn(g009)ap t ekl ar é

-al ek mall iap tdiak ve lhteée¢iméxi CEDBEdBI erin Seéneéer
di kd°rtgen kesitli CF DS Trul eaireba nkesitl a h a y ¢ ks
CFDSTOIlseddadhean z aypwef oolt dyjau koymukl|l ar deér

2ACFDSToBandei - Betlt en KEgkil $i ¥nceki ¢al ékmal a
Bu al t bel amd &, -leclrfiith ¢aggas éna hketorundur ul an S
CFDSTodavi araé ke sa il e i bgi | yapeéel an °neml |
-al ékmal ara yer wverilmicktir. Celi-k ft¢epl erion
cidarl e -el idéserelpppbapasi( D&EIF)ne °nemli kat ke
bilinmektedir.
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Han ve dij. (20daitéab@t0omddaleskisfetn édk vt ok

al t é nettkleridensysetal é k manén parametrel eri kol c
kare, yuvdriralgewm-Ivee ccilk pti k), kol on tipi
bokl!l ul §a0.5040.85) K- i beton dolu t¢m numunel
sahip i-i bok -ift cidarl é -elik te¢gpler |

beton dol durul maseéneén DST kol onl arén eks
artterd@&ljmegkt ¢r .

An ve dijJ. (2012) taraféndan deneysel ol a
vebo-kel i k t ¢p narin kolonlarén eksenel y¢k
bet onun, -0 ft cidarl e -elik tg¢agsiteskiol onl a
artterdejé ve -elik tg¢ypetreel s énuérkluanneayeé&t kg

gor ¢l megkt gr .

Li ve dijadef2@GE3%)R & ololonnve 2adetka d e tk loil rmak ¢

toplam 14 adet i-i séval/ har -yi( gerkosuetne Id ohb a
altenda ddenemokludruk HoB8UYNk veranét(C.idar |
araseéeneén séval/ har - (grout) dollerin ol up
parametreleridir. ¢al é&kma sonucundt, dol
cidarl e -elik t¢gplerin arasénén séval/ har -
basén- daya&mdmenwve S%he kib0)krt erdapaegf todl

Li ve dijJj. (2018)06de yaptéklare denéysel

cidarl e -elik t¢gp (CEDST), i-i bok te¢gp (C
ve i-ibehahkaolu -elik t¢gpe (CFHT) ekser
karkél aktéermexkl|l arder . Testcoadif|] dormzn Emudreen
ve deniz kumu beton DSDKB) ol up pasl anmaz -el ik t
Numunelerink e s i t konf iedgk¢rlas@eonidlhmmiek t K r . Séneér |
bokl uk oranée ve -elik t¢gp narinlik orané
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Paslanmaz Celik Paslanmaz Celik Paslanmaz Celik Paslanmaz Celik

_»Dis Tiip _,D1s Tiip if Tiip Dis Tiip
CHS CFST

kekil¢e2d. ik 't ¢p kohbDnboagr esyg aad2idtdeekn( Li v
uyarl @gnméxkt éer

CFDSTO6I er il e CFHTOI er kar K € ledarkbetéridee | déj énda
ol ukt ur dmg ue tskeinstirnia ° neml i derecede arttérde
bet onun eksenelndbasaérnt-é Kk kR apyacsli t asi, &) & gor ¢l
sénérl andéerma etkisi ve i- -elik t¢gp narinldii
rol oynayan en °nemli parametreler olduju so
CFDSTOIl er kar keéel agumanégunatednéenedi yudrea kapasitesinn  d o |
dol ayeéesseenyelkd i P°Pinreiml i °l - ¢de artterdejeé gor ¢
kar kel akt @oluvukbdoe Iéinkd aorissreéndaki artecxe

kapasitesindg ° r e | ia zall arayka nerdglnmoud tdarf .u g?°

Liang (2/Dde@) 6@ y@eedDan® or@né, beton basén- da)

-eli k t¢p akma dayanéménén dairesel kesitli
eksenel ye¢k alténdaki davranékl aréna etki si
-al ékma yapméxl arder. trml éksmadal Cy 3k i 8 e mleik s
geril me dajel éemé analiz edilmiktir. Numuneni
kal éenl é&jé& 10 mm, i - -elik t¢gp -ape 240 mm, C
dayanéemé 250 MPa ve silinddeéer k hésapfadeh abasén-
- -eli k t¢p, dék -eli k t¢gp ve sandvi - bet o
CFDST kol onun maruz kaldejé eksenel yéke sé
oranl arénda takédeéekl ar é i be CKDShl®lomvekt i r . C13
bil ekenl er i sirimk ekkisledheejl i kyt¢ggkr me weraiflimiik tkheki |
Grafikte gor ¢l deg ¢ iczer e, y ¢ keén b¢yeék - 0] L
takénmaktader . Ayréeca CFDST kompozi't kol onul

bil ememkemiden obbdura gltksgskbhmekdedi se CeRil
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numunesinin bilexkxenlerinin (i- -elik t¢p

Kekil dejiktirmeliermeki daje&ls@mledr Birtneg® r ¢ | |
kKekil dej i ktoi6rowdeanzi no | (déu)] u0 .dOu rau, nbl)a r-deal i(kk evkei
bil ekenlerindeki eksenel geril menin ekser
go°r ¢l mektedir. CFDXKTi Id®eljoxt0r m@6 d&i eirr mn &
maksi mum y¢k mde] eoriugpe bwl ankokt ada °1 - ¢1 en
dayanéeménén -elik t¢gplieden dburtyeéer def ons
basén- dayanéeméndan y¢ksek ol duju g°r¢lon
O. OOn6 6fdaaz | a ol duj u-ddu riuned as a(nkdevkii-I b2e.t1oln d &
ancak -elik t¢gplerin eksenel geril mesi pi

22000

20000 [ —DCFST

18000 F : '—_-. .BD?;O%]ﬁp

g 16000 /7 N e, i Tiip

:I-l()()()

= 12000

%I()U()()

5 8000

'[ﬁ(v()()() ________

ol =TT T T T N

2()()():. ................................................................

0 0.01 0.02 0.03 0.04

Sekildegistirme
kekil C2310Qumunesi CFDST kol on -biren bi |l exke
Kekil deji kKtir me ogdreanf iukylaerrlia n(nLé katnégr,
160.00 MPa 242.977 MPa
19.314 MPa 39.058 MPa
160.00 MPa 242.977 MPa
(a) (b)
250.737 MPa 272.105 MPa
50.212 MPa 19.383 MPa
250.737 MPa 272.105 MPa
(©) (d)
kekil C231fhumunesi bil ekenlerinin farkl &
geril me dajéléemlareée: (a)a=0.0008. (b)a-=

2017).
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Azadve Uy (2020y apt e kyaasabBékmada farkl e mal zeme t¢rl

dej er araléeje ol an 1406tan fazla anali z y a
ol maséneén -el ik tepl erion eksenel bur kul ma
araktéerméexkl arder . tcahérmmansonruaumdbdetoni kot g
eksenel y ¢ k al t ekaphsteleryne® rneelm| b u rbk ul mat ki si ol
gzl enmi ktir.

25CFDSTO61l erde DOt ahakBEBbkkblugki | i ¥nceki ¢cal exkm
Bu alt b°l ¢{imde, doluluk bokluk oranénén -ift
et ki si ile 11 gili yapélan ©°neml:i kur ams al \
Dol uluk bokluk orane -ift cidarl e -elik tg¢gp
e kil eyen en °neml. paaa@eDS EIl leo dsemel i én o m
kapasitesi veetksikmakilsiujnidme aolaam ér macél ar tar

sonuca ul akal aema ek K tkéers.i tdliul Gk D Sbhraddkleu k n ordan
belirl §greadb&ji@anbeanél maktader :

&= Di/(Do’ 2t) 2.1

Buradacd o | ul ukloramigiing ,- eD i k cdgp -abpbéekegbegP -apéneé

dék -elik t¢p kaléenl éjéne ifade etmektedir.
Literatlgame- yleegxkmal ar incelendijinde, dolulu
bet on do!l u -eli k te¢egplere etkisine il Kkin g
durul muktur . Bunl ardan il ki wtet &k- adi GKRST - ek
basén- dayahdeampadar .a Bu bajl amda yapeél an -
al maktader :

Huang ve dij. (2010) kare ve dairesel kesit
altendaki davr asngxéatkenmakankca& | @kt eér 28, 0.5
czere 41 badukl &do0dl ke ve damesetkessilCFOST mumpneler

tasarl anméek ve bil gi safkare okésaiméihida CEBPSTO |ee
kar kel aktaéirréel sdeel] éknedsaidtolldiu | GKkD HTo&ll aurkd eor anénén
eksenel baséndekdahai ®neml i et kioylek- sahi p ol d
bokl uk or anlak siamameée lbed on geri |l mesi °neml i 0
maksi mum beton geril mesi mer kezoekesitkesit -ep
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al anéneéen azal mas én a&ksehebbjalsckma@lasn ales komil @ n &
g%zl enmi kti,r.dadlunlau kk alr xkkélnu k - ol mlniet aplt 4 re&r
art mals&ijnlaée a@aktigplaatik evrede numuneni nn arntteejaej]

g%zl enmi ktir.

Berze r Kk eHkainl d’ee, di Dpeom2 0 1 0 Jaidetle kareyl uvavraér | ak u - |
di kd°rtgen ve eva pkarkitoadsd,|i addaznd Beljl i@kdie-t i
beton dolu -elik t¢p kolonun eksenel y ¢ K
y ap mé kdad réeckamra.n éreleri kobomeekneesti t al ané (dairese
u-lu dikde°rtgen ve eliptivkdolulukix@k lomk t o pan
(c=0.50-0 . =K 6. i beton dolu t¢m numunel er ayneé
-ift cidarl éeideliklar ik £padeetkagaBifdnfoxnt &k .t as a
CFDSTnumunel er i, dadukit-be r H UK i d & n dumdreelkrin - ar t é
eksenel y ¢ Kk t aké&ma akapndeg e ee.r Yoikkef K €y | i t |

Kekil dejJiktirme aerjaki | ®gneaeldleink yamramé ahebka
°zelli k|l earmumes |l ®ahiipcrl-keadligk nadreardé& | ad tutké
oranéeneén arttéeje glre¢l megkter. Buna ek ol

eji k kolonl ar ,dolaukbekbakwkemnelach&n@mda& ar e Ke
°neml i bir jet kgi°gigndinrg kadalgmad é

Hassein ve didjar |(é2013) b-eitfotrk @d wlnd ad &inr eke
y ¢ k altendaki davr anseayednséa |l i n@leé ema k y a mm
¢al ekxkmanén parametrel eri (46~120 MRa), namink bet o
k or aneéegdti)k,al -éenll ik tog pa n&&ESMBEa) edojuldn € mée  (
uk orane (0¢al,éekOmad , $ a@n. woc u MG aBEdakid éd a y a |
art K én vebokdlukl uokr ané CEDISIT &ndlomdmaern eks
daya

- el

bok

nNeméeneée a&mteméridejrangabtgh imgktgran@®dold u2 d
dojru artték-a CFDST kol onl ar €28 azalrkas e n e |
g°%r ¢l mekitygtke kAyrdegjiiwtlierrme i nc el exldu kK i omrdaen
arttek-a CFDST kolonlarén eksenel rijitl
go°r ¢l megkt gr.

Li ve Cai (2019)i - i beton doludaydrrenmlicdatle® ¥Koko
eksenel basn - & li t ednadvar @nceleyen denegselere ay bisadl € K ma
yapméxkl ardeéer . ¢ arkese dolakb é R | W@k a 0.4 &a @GR r (
Numunel eelikit gapidnax dlarg a@ & & -MP-ael i k t ¢lagwé a k ma
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432~-499 MPave betondbs é n - ldréda y4 6 .€ i ME a Koauéumdaoluluk-

bokl uné a@amdt ék- a CFDSTbhak ddlhreyrainme mekade nelz al dé
gor ¢l mgkt ¢or . Bu C€&DSM, kot @wm & inatdsikedlagnd g in
katkésénén sandvi - dabheat canz vdeb hdaeska k-vebl oi kkl utk¢ potrear

artték-a sandvi

bstoa bkafi € alanaken aazamhrm

azal masé il e a-éeéklanmaktader.
Li ve dijJ. (2017)06de 8gdpt ekéelaagekddoary xel - al
ve2adet ok mak K¢ z d4aed ettyoepld sasiek dayagmeomltd Haorl-u - i f

cidarl e -elik t¢p (GFDST) numuneyi eksenel b
parametreleri, dotOul8ul Wwekl-teH i kr angé | €0 .i ;M6 ar
sandvi -kibseitdoonr .et¢tcadékmhu&oboegeboBdaorinnané artt ék
eksenel baseéen982daayabpemé@aénsPnekd2B-46 or anéneén

aral ejéenda azal deéejé go°r ¢l megktgr .

Pagoul atou ve ds ayeqgRPdmady apl@iFfpSdkolar 25 adet

vedadetCFSTk ol onu ABAQUS programénda model |l emi k
test etmiklerdir. ¢al eékmanén parametreleri,
akma dayanémlaré ve =-elik te¢gpler araséna d

¢al ék ma kapsaménda tasarl anan CFDST numune

bul undurul arak alté gruba ayrél mékteéer. Tem o
gruplardan 1D grubundayeralasha d et CFDST numune i - -elik tg¢
basén- kapasintegi®rzée eenilemek amacé il e tasar/l e
t¢eém numunelerin beton basén- dayanéeml ar é 6

dayanémlmamé dB&Eks -el i k tep -aplaré 145 mm ve ¢
2.5 mmédir . kKe- i-seel i6k0 ,t ¢7p7 ,- 840M3a0.595¢0.7%,25 mmoédi r
089)Test sonu-laré incelendijinde, i - -elik t
CFDST 61 Br eksenel basé t4.8-31.91l aay aars@&mamé n az% | deéej «

g°r ¢l mektedir.

Wang ve ddé&gkeltgR@t8) di kd°r t-geelni kv et ¢dpali ereis ed gi ri
formluolanCFDSTk ol onl ar é eksenel y ¢ ki nacletleendiak bi | gi
davranée] arkeaeedi rTmiswalrd rachiarn numunel erde i - -
-el i k, deisepaslamaizk -tejdpilkerol up dék pasl anmaz - el
basén- dayamé-mel, i ki -t ¢kpardaypyxd amé ovandol-wll ek m
paraméreleridir. Numunelerin dolulib o K | u k ce0t3a5, @4 v 66 d u r .
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Ayr@aaunel er de Kuwlnlneareze |-a&nd i &ké kK ;gd80MRana day
i - karbon -eliH40;MPdayandmé o20bHMPaéen- d:
aral ejéendadeér . T¢m parametreler incelend
-eli k t¢p dayanémé veCh®OSIdnkbaosaharcday & ka
dayanéménén artteje gor ¢l yaia daigesel forBu na kK
farketmelsizin CFDST numunelerde dolukiko k | uk or ané arttek-a

dayanménén d¢kKt ] e glereéel megkt ¢rerkebBolkulablan

artmakta ve bikesitd ay a n&mtétner makt adér . ¢al ékmada u
dol uluk bokluk orané ve dék paslanmaz - e
kesitli CFDSTO6l erin eksenel |baanslénr-a dgayraen ¢
et ki | i ol dujudur .

Hove Dong, (2014y apt ékl ar & - al eékmada déxkar édan e
CFDST kol onl arén c&kyaema&m jbadérk- val sgmaekl
bir -al @ékma yapmeéexk| arpthidada.10 adet ICEDSm&olork a p s a
cretilmik ve test edil|l mi ktir. Numunel er ¢

doluluk Dbokluk oranlaréna g°re 4 farklIl e
oranéna sahi p, 10babbkvé Zt -atydacl ke k-l el i(kS5tt ¢p k-
belitmektedin - el i k hal k aCFD$Teolon,d2) @75 dofukkoduk a d e

oranéna sahi pe 106 85Lel2@) a+ all ek | Paldlbdet i | e s
CFDST kolon, (3) dolulbb ok | uk or aée h@G.l k@G all &nadeteléil kna
CFDST kolonve (4) dolultb ok | uk orane 0.72 olan -elik
CFDST kol on. Tém numel erin beton baseén-
numunel erityrergdgegk { kN) r me ( mm) ej rkdrewdal akarée
sonucuda, ekstra -elilk harkat mkksbs-arpe] é
bokl uk oranéna sahip CFDSTO6l erin maksi mt
dol ul uk bokluk orané 0. 72 onhéakntl¢éarr.an, Byw rdeu r
d¢kek dokUblMkoranéna sahip numunel erde b
dol ayeése il e t akéema kapasitesinin- art ma
yerde]jmm)tiemei(l erinin]iadl-ealié ki nkcéesl neenndé rj i ¢
bokl mle @®r &6 ol an numunel eriq®°rdalhma steaore k [
d¢kek -dokbbbkoranéna (daha b¢egyeéek beton Ke

ayné eksenel yé¢k alténda dah.aBu uaumdaa vy an.
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sar geéeblaasngah ecn@a kt a v e bunun sonucu ol ar ak CF DS
artmaktadeér .

Tém  bluek-mal ar dan el-bexkleadki | @enandEmldualkuk art éKk ¢
kol onl arén basén- dayanéemé ve s¢nerkl i jJini az
bazé -aléekmkbaekbdaki erpadéhdaki arteken CFDST®

ve s¢nekl i jine °nemli bir etkisinin ol madeéj é

Tao ve dddgi.r gd0l04kesi tl i i -i beton dolu -1ift
basén- altéendalkidi kderandehaysré i-mdeE&lkmada 14
t asar | an mélkmiviesariamansnumueettrinz u n | 34R g 546 mm
720mmve 920 mmolupo | ul uk bo&l| & k&) -kwwd 2-0d E€I00DFr ané (38
-al ekmanén parametrel encdi endiDjeinegdge sbaukl &
oamanéna sahip numornkeller deadel OL 80 ol an numun
numunel erin pik sonrasé daviadngkl greand mekeée m
Doluluk-b okl uk orané 0. 80 ol abni rnauzmudnaeh ae rh énz Ipé kb isr
g°sterdiktedi g2 r Pbmel uk bokl uk oranéendaki far

s¢nekl i jibne @€nkimsi nin ol madéjé& sonucuna varé

Bunl arén yahekbéakaordobEobdaki artbasgenCFDST Kk

dayaneenéqng&nekl ijini artt édabelf emmaktd acké&i n baz

Hassanein ve Kharoob (20149rin ve orta uzunluktakii f t ci dar | & i - i bet orn
té¢ep kol onl arén eksenel basén- alétreamdadidavr an
-al éygkampamé k| ar dér . -btoakl | éukkmaadraa ndéonl dual kuik ar t €K én
CFDST kol onl aréeén eksenel y¢k takéma kapasit
ol ma,de@na kaaCKEESH kolonlarda dolulvb okl uk orané artték-a
yéckkema kapasitesivnarné | arétktt @&jré  dbaonkuldcuuknuam, do
oranénén artmaseéyla kolon -eperine yakl akan
i1 e a- &kl anmauktakeCBEEST kolorCarda ise doluluk o Kk | uk or anénén

artmasa@yal an sandvi - beton kesit alanenéen i
artan ejilme rdgugddgljmekt exditrer | edi J i

Zhao vV e dij . (2021) d o | yu¢l kuaké veb rmakzéme k orane,
dayanéekl él éj enén pas/l aretiea@FDSTendrin kol ndl éakr étng, p Kk u |
yapeésal per f oirmtaenl seemabk deratyded cetiaryibis-ad | € Kk ma
yapméxkl ardeéer . ¢al ekxma kapsaménda 12 adet p a
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narin kolon tasarlamé k veditlemit kKt ir. T dodulukdkbaorkd ru k k o |
oranl @r & 90e3p0. 7Tkoilmar akals@ekma-hdDaxmh wkummda a n e
0. 3 dejerinden 0.5 dejerine artmaseyl a

dayanéemlarénéen ©° nemlmi K°tli-r¢ deB udnmak tkeajleek @gna z

0.7 olan numuneler en d¢k¢k eksenel y ¢k
k ve déexk -elik te¢egpleri kare kesitl:i CFD:ES
davrangxy as @imelond mirkatki r ( Has.s eK4x Vkag m i | . z
narinl i k ebroaknl éu,k doorlaunléu,k bet on basén- day
dayanémlaré -al é&kmanén parametreleridir.
oranl a2® 2 .52,. 6i - -el ik t ~p08nazr,i nbekonor h
daymlner-& 86 0 MP a, -el i k t ¢ pl4a@kviRa ve didujula n € ml a

bokl uk o+aml aarréal @] Endadér . y dk sne knhlupjuinred e r
kare formlud é K -el i k te¢p k e nar Denepemtodlamj20 219 .

CFDSTO6nin dayanéem/ aj éridepl asaminarcg rhéapl

sonu-1| ar parametreler kapsaménda kar kel
sonucunda -el ik t ¢p ak ma ed a ya nekrseenndealk i b
kapasitgine ° nlarmlt ki s i ol duju go°re¢l megkt ¢gr. Bet c
CFDSTO6nin eksenel bamsén %38avyanamaddi mak e
t¢p akma dayanéméndaki artek tleadarmBuat kir la
olarak, dolulukbo k | uk orané il e CFDST kol onun eks

pozitif bir korelasym ol duj u g°r ¢ I-bmekkit ekdl 6 e a Dok wd witk e
CFDST kolonlar CFST kolonlar gibi davranmala d ér .-b ®®l uk u&r anéneéen
maksimum beton g#mesinin lokasyonudur. Dolullbb o k | uk or ané 0. 106
dojru artték-a maksimum gerilme i- -eliKk
il erl emekte ve bu durum koésoshnmin aofpi @amma
Doluluk-b okl uk oranéendakiayalrats®&k @ s ebiarz ad iajne bet

ajerl ejénén azal masédeér .

Literatg¢r dleée kynap @lrani n-ca lbeonkd iujki n d e a ndéonl éunl u
kol onl ar @&én davr ansékné nba re takoansklenbelikte, 0d&kekl i n

dolulukb ok | ukejoeraini d CFDST nwnmmudee]l eerr ba I-d winj w
dej er arttek-a CFDSTO6Il erin eksenel basé

dekenegl.mektedir
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26Li f Katkél e Betonlar ile Klgili ¥nceki ¢al

Lif Henanhél Betonun il & eatledlerameeell mkaae e

ge-irgenli kkariggidmkkbdbhekpo-rz¢Ilymek s d iy amama,

b¢yéek yangénlarda ye¢ksek kavliama direnci, e
betonun plasti k - at | a&ratbetenbakéa rakzéall a kmtaésréée |vdeé jCéz
daha y¢ksek ejil me ve -ekme dayasnéemdng esahip
sahiptr (Ellobody ve Ghazy 2012).88t ona ekl enen | i f donatel ar
performanséneé bir -BDhemlaikt 8 e e ekivdirdBu e e ok ialr ke
faktorlcayamaAmeafi st ¢r ¢, l'if mod¢tigyabemena ekl

i f y¢zey ,lbiaff] ik-aaraikjtidraije¢ dacgrr .edgdaee kodedyze b 20 n
d¢ K¢k h adcoi nmabt eetl ¢eém f v e vy ¢l kisfe kdbatoaant penilia

KekildejJiktirme grafikl eri veril mi ktir ( EIlI
g°r ¢l ecejsek¢hacemdgeckkl enen | i fd adyoannaétngé bet on
ve eklni jini °nemliéer?l -¢,de arttérmaktad

Gerilme
A

Lif donatili beton
(ytiksek lif orani)

Lif donatili beton
(dusiik lif oran1)
Lif donatisiz
beton

»Sekildegistirme

kekil LRf 1@ dedatotns éad ¢ kg &kn bta&loanl vel yg ksek hacirt

d o n detaun@erimk ek i | deji ktirme grafikleri (EIlob
uyarl anmécxkteéer) .

Badogimni s ve diejl . ke(pdigedbien| i f donatta@&k &, hagfoinfz a

bet onlkaanréink nkear akter |l erini i nceleyen, [|if do

dayanemé&maerini araxkxteéeran bir -all®dkima yapmeé

referan8déilkdri&kam!|l ve p&a&largkem loémalki fgzedorat &

adet 105mMma&BI0i k silindirik beton numune hazeéer |
testl eri yapél mekvdéanrkbDenéeyseldoparbdoéeedkaurndane
sentetik (ptpropilen) d¢z makrol i f (PF), 30 mm uzunl ujun

te, 36 Mmmve6 0 mm uzunl uj un dtaldir-Betong ekleneme Il uk - teé i k

ve polipropilenl i f donateéel ar %0 . ®Bnnviek %1l.u0p obreatnol naurné nddi

56



tem mal zeme °zel l i kl eri sabit tutldl mukt u
donabetos ek ar kel akt értddd dratea@adak| emé~fi6kbet on
polipropilen| i f donatée eklenz2h daehanVgkeaeki sks ¢
dayanéména sahip ol,dujfu tg%rie Ifnagkktegrme KAy 1z
olan numunelerin 0.5 olbnar a g°r e daha y¢ksek eksenel

ol dukl aré go°r ¢l megkt ¢gr .

74 mm -apl é& Spl¢zte nkegp k iknuslolna ntaefsatid cdma It ié p rk:
or aneée, su/ -i mejtixtomraneé hed 8k € kdiolpdalt iep reo hie
mekanikp er f or masinsigcneal eg/telni bi r -al ekxma yapel
2018) ¢ al ekxma kapsaménd a(syh-arzeénrtd oa@gHal na rnéu ndu. nde,
ve 0.6 ol up abektkrempgkopilend k § mid@amat & oranl ar e
20ve0kgmot ¢r. Test edaya@mé mieniu@ e digggpiiemnde, p
' i f donatdanyann®@mEmdaiumer ecede et kil edi i

polipropilenlifdonat é et kitséekhia rtayebradejayr bel.

pdipropilenl i f donatél e betonu | ifsiz betondan
Ayr éca, s/ - or ané?3liDdonst @&rea n®.nma aslashri pl .n6u mkugn
orané 0.6 dlliafn darRatkég/ ar denlkeamrak éslaahkitpé r red rd
polipropilen] i f donat énén daha ylk&rsse/&kn ooraanndéa dkeu
betonlardal ay aa2zmEt t €] € ancak s/ -daoyraaaneemeyé:rkdsee] ke
sonucuna varél méktiéepr o iélsearcal i foptd omamé p
oorména byjlksekl g - oranéna sahip betonl ar
Fanti |l | vie2 daidje,t (r2eOftledrlla nddoenveet ieH 2] i kden vy
silindirik beton numuneya- talkt éenkdsae nd @ n evre

Numunel ef7iOn mm¢e mgapénda 140 mmnuaunaerdir.uj und:

Kull anél akaneli k-1 @l ver 35 mm wuzunl ujunda
Celtdlsbb et on kar éekeéenmen&t ab| ae & Nddealkdigldcime n mi Kk t
or &l& i n oahheconndlaar én basén- kuvvéteil iekt ktiesli

i -er melyenayné davranékeé ¢C st edmonusigleedege® r ¢ | |
karékémd@mbkktam@&nartték-a numunelerin pi
s¢hk ol vkbdtonds aredg & i s i olg@ktoud rMmg ki lgar. e
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27CFSTOIl erde Li flariKlag kkell i IBiet ¥mc e Kk i ¢al ékmal ar

CFSTO6l erin yapésat ma«r faonama&ryd laa rvé dolgu- arkt tf ar k1
te¢re¢e kull anél arak araktérmal ar yapél mekter.
betony ¢ k ssaly anéml &€ tbhaek & nhetpom,z dlhoanradbet@diel gu ve | i
Literatg¢rdeki -al exmal ar idnacyealnbetoml v&] | nde gen
normalb et onun CFDST kol onl arén d&&8vrdamgkaeénra . et k
¢tal ekxkmal abesomubaséa- dayanémé artteéek-a CFDS

kepasitesisminmcamtat jae@ €l mékt er .

Bunl ardan biesPzB°Pgmbeéhdo4qan 4v)edyredpntjé k| ar é

neg mer ik -al exm@BPBPBT tamérebhdn parametreler
bul undurul arak alteée gruba ayrél méexkter. Bu gr
CFDST numune bet on basén- dayanéménén ekse

g2l eml emek aanmame&ktidre. thsmrdumunel eBu 400 mm vy

grupta yer alan t¢m numunelerin déxk -elik tg
mm, - ve deéek -elik t¢gp kaleéenl éklare 2.5 mm
N/mméd d i r . Beton basén- dayanéemlaré ise 40, 80
incelendijinde, beton bakléaand Gy adEeencenar tt
eksenel basén- dayanémlaréenén arttéjeée g°r¢lom
Buna klifhdxreat él & bekommardollue GHXT | i ol duk-a a
ul akeéel abil li miek @lipbpilebd i f vd el eldibé&toa daul e

CFDSTOKa&mual akt erel maséna il i klKidmnht el @ al ek
betondoluCBETO61 ere i1l ikkin bBit&etemat grdakpgeedal &meb:
Ellobodyve Ghazy (2012) - i referans beton betendguo!l i propi |
-eli k te¢gplerin eksenel ve eksantrik y¢gk alf
- al e Kk mall2a raédnedta i - i beton dolegrpasianmaz teaslti
etmi Kkl erdir. Deneysel -alékmada kull anél an p

mm, kaleéenl éeklaré t=2 mm, D/t oranée 50 olup b
Beton kaé k & nal eklenem polipropiled i f | er i n1 Qu znumm,| uj apl ar e 0. C
mmoédi r . Ref erans v e bpeatloinp raonpaimuenke;, plbiafs € denat
dayaneémlidreé 4s2é rMaPsaé v e 3i9n MRalbdiemu m CyFSKrlod reir, e
yéi&ksenel «kekiislhydgdfe rkitniirmmetyl ai hkakki ksdie,p lyagskman i | i

ve g°-me modlaré -alékma kapsaménda °1I - ¢1 myg
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-al ekxkma sfenanscetnam dol u -eli k te¢gp kol onl
pol i pr opi | ebetonldolu pasthmarza t-éell & k t-¢opk kdoal hoan | sa¢g né

davksaerégiglerdeiljme Kt ¢r .

Gopal veManoharan (2005) e | i &ko ntabteéloénl ar én narin komp
dayawmem davranékéna etkisini i ncel eyen (
¢al eékmada ek2 &t adietadséei- © | i do nt aéekén dolu narin

kolon eksant i k y ¢ k altendaritmelsitk edn & mé kK t-iarl ;&
par ametr es,iCFiSIT 6|l Ayréddeae aynée kesit °czel I
referans kolomralaant &lstaymdé | kmo x4 & Iriek Ctad I€lk
dal gak®oll de uvuzum3@kimar ee=0.apb ammd dikr .t el | €
betonhacmi nin %16i dr aknelnldan e(l 7m6é kk go/lmup bet

akamaseénda kar ékeédnar .r aBée gte ldeeopr laislersameée wyeg ky

Kekil dejiktirme ejriler.i yardéme tidp a-=¢€
narin kol dalanaminleiklkiiknn, enerji sojur ma Kk
gi bi -ekKitli yapésd@lhlTxmakesbhutehdddomér
narin kompodayavwempyapa@aga&in davranékeéna °n
sonucuna vareéel mexkter. Bunun yaneé séra, Y
-eli k telbdboatlwlel am&mégneérs oy ik ma kaasi t

et ki si ol dujwmelgi°k ¢tl énle b mWantr & oefetand@tbrS TO | e r
dolu narin CFSTO6l ere g°re dahareferanpré t dav |
-eli k tel beooat eaoolluw n-l alriekn thegpgnen hemen e

davranék sergilediji g°r¢l megkteor.

k referanb et on wel -ld®d hnlketton dolu -elik te¢gpler
inceleyen dendyXkglozbivre -Daln@dkmma (20.10) t a

Toplam l6ad et i - i beton doluefFekikmek@es&os gnt
eksenel y¢k alténda test edil mi ktir. ¢ al
bet on basén- dayanéemé ve y¢k eksantri kil
yéksekas5 jimmoédir . ¢al éktellarbaet bnl lkam &lk&meéna
oranénda ekl enmi35 |mmp weuhdukd mmEDi r . D
- e ltiekl dobetoel @ol u - eldiekneygpl erneakisl mk kni |
kapasi t eddeplasmarevjer iyl¢ekr i karkeéel akt ér el mek v

¢al K ma sonucunda telaloinmd @€k klaeatk@s @& né pl ICEF

s¢nekl i Jini ve deformasyon davranékéneée ©
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Buna kartel@&mwmpnladteéklkirkbet onl ar én CFST kol onl ar én

kapasitesine -0k k¢-¢k bir etkisi ol duj u son

u ve diyjapt ék20alr5e) dendyydeldo-bmhd@m&dal eel nk
Kéna et ki stopram 36 adet EHSEoknreule k a ema e Ey ly @ k

avrane
|l téenda test et mied!| Beocmaeatéosahekamakl| éebéekon b

L

d

a

ve -elik t¢p kaléenl éjéna sahip CFST kol onl
ama-|l amaktader . ¢cal ekmanén ana- elairkamegpel er
kal eénl éfeldomnat €ehabaneneroo gin@&@m e3 6 neferansneni n 906 u
(d¢z) b,et207n0sded |-lee nkketéon dol u -eli k t¢p kol on
ayné uzunluk/ -ap oranéna sahipp okalpémluéldled ree
3, 4, 5 mm ve bet eh0 bMBa&dhd é rd.a ytdlerlench raa |1éa b 0- e |
u-lu olup uvuzunluklaré 30 mm, -apl datée 0.52 mm
donaté hacim oranl areé %0, %0 . 6, unéthin 9 ve %l. 2
g° - me modl ar &, °]1 - ¢l en ma k i mu raksengel¢, k dej er |
Kekil dejiktirme ejrileri kdarekéldomtag kel hek ve

bet onun CFST kolonlarémig® emki modwnda -dak -l
burkuima é né bi ri kmiiktdarj igegc® r ¢l m¢ekt ¢gr-eltiedk i k t el

t ¢p koefeamsh @aron dol u ol anlara g°re bir miktal

takéma kapasitesine sahipteidonateldiardeak CHetTo
kol onl &rlark svgeneener ji yut ma kapasitelerini °
s¢nek davranék el de edebil mek i-in en az %0.
ul akél mekt ér .

28CFDSTOBar déHtkisima

CFST kolonlaé n davr arcek leanrdd J i noendapg&im@dhé e Kk bat
kol onun daha az s¢nek davranék sergiledif9Ji
dayaneéeaménéénr €l mas ebetandae | u wetl srad gjgupagman c é n én

artterél masé bu durumurorfPagammuybabdakmaker -

cel i k fémddmar @ b a kK g abaasheamc é yalnézca -ekirde
s¢neklijJiniawmé tZamama&ktkol onun basén- dayan
arrtmaekt adeéer . Kompozit bil ekendeki bet onda

sa gélbaansae ncé ne kadar fazl ayday kmémpeord tdeaeyl e
oranda aritena kw2@fyceirjBuL durum CFDST kol onl ar én
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g°re, sahip odamkkiasie pedekhRisghé] daha vygk
sahipoma@ né a-ékl amaktader.

Eksenel yé¢k alténda -elik tegplere oranl s
cel i k, sahssg ol dgufui ik¢ kaye slenmekieve betbonag e ni kK
yanal pasi f basén- uygul amaktpadtear. af@Emnm3Ta

bet onda o |takikst aurr guél kan a g®i ré¢, | me Buna dkarg n ,
CFDSTO6!l erdeki sanidwit-¢ bledgoant g etlasiuermadizz x - e |
kal makt a, iftlswlarduwtkilbmb@+ ak adl andeéeréelfmaktad
2018).

CFDST eksenel masen-k&lud&jeéd n cha, -el i k tg¢
sandvi- betonun hacmi yana dojru artmakt e
bet onun yanamdsijmiu kyéesnadkt gaagk t g é lsa@sma&mm d &

uygul amaktader . Dahasé, sandvi - dbeltiokhun
tepler -gveresmde blaukt ur makt adeéer . Bunl ar én
eksenlis ar gdblas@ac éna mar uzt ¢pallenraiknt aodl eugkétl udredau |
baséncé betonun syminm alrot] & kué mgae nhsad|rlep@éd édod ndau |
olarak adland r é | ma kt asdégeée | ash&t hif g ethamMmarodsnep vy ¢kl
I K|l emi sgrresha®mecéneéen sabit kal mgosigh ol ar a
ve dilj).Sar ge@dtekmeas i dayaneém, rijitlik, s¢ne
sojurma kapasitesini artteéerarak CFDSTOI €

etkilemektedir.

Han ve dij. (2010)6da CFDST kol onl ardaki
s ar g édtksimiainceleyens ay é-saalée mth@an CFDST kol onl ar é
modl|l aréndhkk kd@lpi k t¢p ve betonun davr a
s ar g éfkisinuda i beton i-in dof neasal. Ddukmdiyman |
bokl uk c=0.x-G@.n&) ,(ki 1t ¢ p elkiad &rnd &l] adrenvammé kb as é n
dayanémé - al ékmanékne ka rde CEHpaIM8a metnrdel e;r-i deikrs
sargébanméak ve eCGFRSTIkolodlardhbetortl a o Iswakw agré |l a ma

basghAcegl mektedir.
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(@) (b) (c)

kekil CRDSTkdl:onda gar g&htseeimch@kx (a) Geometri . (b
altendaki bertiomde k(ic )@Beertiol@¥fizbexr n (Hyaahr lven mé@ gt ér

Dis tiip

Sandvig¢ beton

k e ki | CEDSTLkélonddetondao | u Kk a rma gegilmesif Han .we di ]
20ldan wuyarl anméxt er

kekil 2.15b 6 d e gor ¢l shegig& | wmsm@ g € | abnent aonmeukn farkl é
dayade&mer | er i nkdeekkiil dgegriikltme mreé lid djké&kn d a rg arkdwit
bet onun mas ar g éeelaakniag j @i n bdka yoanrnu&dpeivaes é n -

aral ejénda art.BardaejamgCFpSmekokednltaren, decx
t¢p Vve s andavyian ébnelogorineanmem d a nbird a 1 a sahipé s e k

o maséneéeé a- ekl amaalda £HDST . kolondeeka n g € Pve h Bné K

sar geéel beatoneaatgerm& ek i | dej i Kkt ikreikd® ddi@r e ain mé K
vesar géel aoremaomeuknd afyamdielme r | er i ndekii | dgegriikltme me

lik ki | Ear eghedguhasgd mektedir .

62



4 £ Artiy miktart B Sunrlanouy beton mukavemeti —4— Artiy oran

o R, S o Ik halka catlak
!

Basing Dayanim
i |

v

Dayamm (MPa)
s w % 7 B R E
. E
< = 2 2 = n
O R ORI

elQ $pay wiueseq

1
1 Siirlanmams Beton

Een Eee Eeu 20 22 24 26 28
Basing deformasyonu Simirlanmamis Beton Dayanim

(@) (b)

keki |l (a€FDBbkolomlas ar g € vea am@g e | hatomgeni@e

Kekil deji kthbamgéekecgmrm@gel bemameeayamnd&me

dejer |l er i mdeekki il dgedrkrikikltneaer maeirind | kmearskéé I(aHka n v «
20ldan wuyarl anméexter).

29CFDSTO6l erde G°- me Modl ar e

Literat¢rde yer alan--akécdmal arcli kceloond
bet on dbaaysaénné-meé-h o kdlod ku |l mka n é , i - ve deéek -e
CFDSTk ol onl ar én bur kul ma modl aréné etkil ey

var él mekteéer .

CFDST kolonlarda el i k 3 ¢pbterge- me modu g°r ¢l mekt

tepen dek -el i k  vagdpatkerma s°én ¢ ed ebku r-keul linka sté¢, p
°pe buryddakwamas é ve i - ve déek -elik te¢epl el
CFDST kol onl arda i- ve déex -elik 3¢p bi
eksenlis ar gblaamacé ol ukturmaktader. Tl e€r de

durumarda betons ar g € | detamd mEe « mu n a vg bu durank kolenun

vaktinden °nce g°-mesine neden ol maktadeéeé
burkuimad ay an édmeé&n é-nel i k t ¢péen akma sénér éna
ol ukt ur duj ué nscéénnedralna nba¢ yb¢aks ol masé ger ek mel
-el i keggmgml € g°-t¢] ¢ durumlarda CFDST ko
3 eksenrhaib as é magiua kal maktadér . Bu durur

opti mum performans @Hanevaigdi] glrz0m@kt e

Han ve dppramode)er.i kol on enkesit al an
di kd°rtgen ve éldigpgt i ke)j,i kk ovleokookniiykk) ovrean
(c=050-0. 75) ol an deneysel - al enkemé daiexl u e I

DST ve CFDST kol onlarén g°-me modl arée kal
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g% - me mofdaredriégamem¢ec | m¢gkt ¢r. Dairesel kesitli d
orta kéesémlarénda déek -el i kDSTgyminelerdd @k a doj ru
dék -elik tg¢pifginl g@Yakées imeé g diay g |EQFAKTT ¢ r
numunelerde@k t ¢pl er dekat pplt&oul urkemdur kul muktur
yuvarl at &l méek eliptki KegitlP numgnelerde @ numunelerin orta

k € s & mlyaaebéunrdkau | ma gCFD STh miuwnuinre.l er de-i -e dojru
t¢epl erin burakuwlénka ethordabsarmmeokd H n.ma kt adér

Li ve Cai (2019)6da CFDST kol onl ar én eksen
inceledikeri deneysel vs ay esadlek mada CFDSTO6l erin déexk t¢pl
bur kul ma, I - teplerinde i - e dojru bur kul me
keréel manén déek -elik t¢gpen burkulduju belged
kerel déej é bell g-eatel abkalzaér ybaunl unmakt adeéer . K- - €
bur kul mag¢neloirkt a késmen@&d&MT. bkelbkErpl2eli6midm
edilen burkul ma modl arée g°r ¢l mektedir.

(a) (b) (©)
kekil CRDSTbG8 |l:ekenl erinin burkul ma modl aré: (a
beton. (cK - - e(LiivekCait 2919)
Ek mekyap az20l9wea pd iélpnéysef @l é i madaet on dolu -el ik
(CFST) , i --ii fhtetceiihd akrdtBgp)l ew e dniGefi- i et kesi t | i
-eli k t¢egplerin eksenel b a sdeneysebad Irt & nad aekkimad a v |
yapmékK-ardér dék -eli k t¢ip dhylaamih@kklmamnma&nve b
parametreleridirta | & sonmuaunda el i k t ¢ p ik-ail ébnd téockn adroélnue n- i f t

-eli k tegplerin (CFDSMT)i gde-rneay ®emioed IMarekdntée d i ] i

dékeli k t¢opanapehomk a faydalée bir etkilekim
-el ik tep kul | @a leetorda kesmikaymanat lea klilear é ol uktuj
go°r ¢l mwknia, rkar d é-ke |l ikkaltégnp CFDST kol onun baseé
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y°neterek kesme g°-mesi nilam @lkukwrhas éarkg ere
-eli k tegplpg gUmmeeimeade adexk i {1 el i ke tel ¢ n
modlkarr& él akt erél déjeénda °nemli derecede
Kal

(o]

n dék -elik t¢gpen beton il e ol duk-a

var | mékt ér . CFDST kol onl ar én i - -eel i k t

5

e
ce i - -eli k ddai¢pel @drod e ua éaurré&k ud earae gee r - e k |
u

mu n i - -el ik t ¢peén i - dest ekt en

o o

s Kenegl Mekt-eediirk. t ¢p kal énl éj éeéndaki artecx

o

¢
neml i etekielcedie] i sonuckuanlaé nv air-él-nexltiékr .t ¢Apy

-el ik teplerle daha yé¢ksek kekiflodRadd
u

munel erin g°-me modlarée g°r ¢l mektedir.

(e) (f)
keki |l G2: & mpoa) kmee i - -elik t¢gp, nor mal
(b)Knce i - -elik tg¢p, nor mal beton kal é
dayarma&mml ace dék -el ik t¢p.da(yda)rid@arled i - -
kal én deé(ke)-kd-liedtni ti¢g-p . py ab@ekhboék i nce dék -
(f) Kal én i - d-aeylankerlgap, kalksmrkdék -el ik t¢

2019)
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Uenaka ve eaksgenel( 2y02k0l)enen CFDSdeneksell onl ar én
ol arak i ncebheyapmbKkTéam devedra ned leirlare t L0 - ap

mm ol up t ¢ m 450 ummmuynéeklseerk | i De melesé Ir davraneéex|! ;
karkeéel akt ér eéDiiyor aopObe-teT 2r anal éj éndadeéer . K-

t¢eplerin akma dayanMPid aobBar2®K , d j8i6k nveek t 2@ 8 r
numunelerininge met r i k °zel | iglPlrgd imelke leidli r2. 186de

A

—
37.5

‘Beton

{

75.0

160 160 160 160

I
I
I
I

D;/ D, 0.24 D;/ D, = 0.48 D,/ D,=0.72 D;/ D, = 0.00

keki | CEDSTLM8munerkesil e r i (birim: 6P dlethenaka ve
uyar |l gnméxt éer

Yapél an deneyler sonucunda t¢m nemayekerin d

ol up ¢st késémdan ode ay &réeslé nbau rkkakcHam-a eold iPakng, Ibrf d ¢

t¢pl erde | se syaenrdevli -b brekt wlnmiann &re s me basén- ¢g°©° -

meydana gel digjri. ngsPlreymlimmé K g ° - me modl ar é k e k

gor ¢ ledme kt

kekil G2: m® modlaré : (a)CFST numune. (b)CFLC
numune i { Ueeaelakla vegpdij, 2020)
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Dékar édan ekstra -elik halka i1ile sarél mé
dayaneémijitlik ve denaysebi r k| HoiveDonga(2004¢ el ey e
taraféndan ¢apekmaré@r parametrel eri déck
ol ma ma,sleéb, 156ve 20, b d ek - el i k&)t ¢vpe -ldaokl leunl kuékp r a n
(0560. 72) 6déer. Deéexkatrn écamns ae ledbltduk d xnalylako h a h k
f arCkFIDESST kol onl ar én g°- me emoldltag@l e micrel &é

i - -eli k te¢gplerin i-e dojru b urek ud djurf w
bur kul maseée i - -el ik tgjpe nsdreaédrninangaz eeti kid
derecede azal t makt a vV e dol ayéeseéeyl a s a
d¢Ker mekk eualt 1t aérB a a i - -eli k t¢gp ve sand)

t akénamalyearhay ¢ kd e Kk - el ivkbu duwume é-keel ti &kr etl ¢npagkr
g° - menseidneen ol makmadamunel er i,n gdarkd wie-l ilke tt
yanal geni kKl emesinin oluwre¢elwsewglu y¢scklibarse
t ¢pl er i-pnl aesltd «t i k® - me gffi inle odgY@gjime siol gPalkl m¢
CFDST numunel ereei aggtlrede nveey g°°ncme dabed!| ar €

veril mi ktir.

(a) (b) (c)

keki | CED30 kol onl arén deney °ncesi g°r
(a) CFDST numunesi 6.5 (p)CPDSENRMUNesigéneys n ¢ K (
°nce%i ¢ R K). (C)CFDST kolonl& g © - me o ad Dpmg£2014)
Azadve Uy (2020) el i k t ¢p 1 -ine doldurulan -ekir
dairesel -el i k tdégap aknc@lindernlad mé a vl et Lol lank me
yapmeékrl.ar dtal ékmada, farklé -elik kalites
-elik, -elik ve beton) ve 5 realistik ku
bok -elik t¢gplerin 14006tan fazla anali zi
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modl aré incelendijinde, - beton dolu -elik

Ki KkKme g°r ¢l ¢rken, - bok -eli k te¢gplerin bir
hem déka dojru Kikme g°zlenmickktir. Ar akt ér me
bet onun - el i k dtagymlneerom&m &bsurekku lbmar et ki si ol du

ul akél mékt ér .

2.10Gen el Dejerl endir me

Yaygeéen ol ar ak kull anél aynapéeeleilke mapl| abreét oh z bt

tasarlanmak isteneno k kat | &€ vyeapgddeprenb @t geékhée yer al :

binalar i - i n Miansaarvié m m¢g hendi sl i kakaé&-mesgadan! abri r
ol ukt ur Busskbepded&lri k ve betonun yapésal ©°zell ik
eksenel y¢klere kar ké bir |-bekohaem&kdmpaozie n- g° st er

kol onl ar t a s-betohaame amgpaezit lk®lonlayi ¢ e | bletiant dol er - el
(CFST)ve betona g°m¢l ¢ -eli k pr céfziellllark loel ared ki ki

téepen -ekirdek beton ¢zerinde soélnu-k taulrtdéunjdua s a

ekirdek bet onun -el ik t ¢peén bur kul maseéneéeé

°neml i derecede arttéermaktadeéer. CFSTO6l er ya
yé¢ksek basén- dayanémé, yangén daypnémé, sg¢n
ol salar da dayanéem/ ajérl ék orané ©°zellikle
ciddi olumsuzluklarol ukt ur makt adeéer . CFST kol onl ar én y
iyil ektirmek, daha k¢-¢k kesitlerde daha vy k
amacéeyla CFSTO6l erde bulunan -ekirdek betonur
kompozit kol ondlaan oil -air atke taadr adggleer - i( CFEFDSITY ar
asarl|l agmegT &lrer - b ok -0 ft cidarl é - e
arkel aktéréldekl arénda -elik t¢gplerin araseée

apasitesi ve s¢nekleirjdienieé néminimekeedicede CI

o X x -~

ul unae deélkilrbegtpna i ki k at sargél ama et ki s|
te¢plerin arasénda bulunan sandvi - beton yan

y¢ksek yangén dayanémé s ajél, anbaakstéand-€ r d a yDaanyémm

ejilme rijitlifiji ve burkul ma direnci g%z ©°n
CFSTOl ere g°re daha ivyi performans g°%°sterdi
tasarémlareé i -in mimar. a-eédan oladuk-a ivyi
esnasénda kal ép g°revi yaparak aynée zamanda
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CFDST kol onlar i berdbgeysebuygegneakadalt -

CFDSTO6!l erin yapésal perfor manseéene et kil
dolulukbok!l uk oréam& t ¢ ¢p dayanéme, D/t orane
gor ¢l megkt gr. CFDSTO6l erin geometri k for ml
arakteéran bir-ok -al ékma IKkualrerdmdalktd&déa&rg.en

CFDST kol onl ar vieasdrégmr syapeéi el emanl ar é
cretimindeebebiyeahayl®k tercih edilseler d
kol onl arrak ud °nrtaey ab ud a ha syatukcéum a o lud uakgléd rnee K t
dairesel CFST kol on-l alredtao n ey z2ddur jstuachbg éelar hi mna e
etkisnink ar e/ di kdert gehakkeara g°re daha fazl a

CFDSTO6l erin yapésal perfor man siadokluket ki | e
bokl uk orané ol maséna &psekEnyvel istagreataldr

i ncelendijinde ortak bir Basaucal ek-mmaéham

bokl uk oranéndaki arteken CFDST kol onl al
sonucuna ul aker ken, bazel arwe, azazéltaje iy
et ki si ol madeée] &€ Bamrzwrau hkeetko hl adkt@m§an&meénén

kol onl ar én performansénaoem&l sibreit onnawel
dayanémlé betonunbF®OBE-TOtlay ané mdeleyemel an
biok -al ekma C¥yddlomex del hpf donat él é sand
herhangi bir- al é Kk mayameiatsé@r .anini f nodmainbatoniad ile bet o
karkeéel aktéreldeklParé mea daylkane€kmédormmy ¢ k vy
kavlama di enci , betonun plastik -atlakl aréneée

- ek me dayaneéekné yagpésal bigsto¢ nl biifimektedira hi p (

CFST6l erde |'if donatél é betomcledwlelnalng mam;
donat el éu b-eetloinke #dtecepnleelr i mas én - dayanémeée v
°neml i avantajlara sahip ol duklareée g®°r ¢l
Yukareda bahsedilen bilgiler dojrul tusun
ol mas e, dol ul uk bokl uk or aar@metreleri olarakf don
belirl.enmiktir
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3. NUMUNE TASARI MI, MALZEME DENEYLERK, NUM
VE DENEY D! ZENEJK

Bu b gegksienel basén- @DSTénomduan et est n etd ab
parametreler v e geomet r | kunuzneellleirkdleer k ul -l ealnied an

mal z e me ° z enblzemedeneyier) nermunel erin cretim

dé¢zenej i, deney sérasénda kull aneéel acak c
hakké&magaaml & bi.l gDe nweegrlielrmikesttianb uklaaTekni
Fak¢Yapai Mal zemesi Laboratuvarénda ger - el

3AINumune Tasar éme

CEDSTOI!l erin eksenel basén- alténdaki da

i ncelenmi kK,b°b gbmi¢gar @€ncekir b°l ¢mde detayl &

Genel ol arak,avCrbh&k&ner iet kd | eyen bir
bilinmektedir. Daha °nce yapeéelan -al ékma
fakto°rl erden biri ol an dol ul uk bokl uk <

ul akél amamék ve bu konuwgaobart&z yeapsysame
ek ol ar ak, DST ve CFDSTO6lerin davranécx
amacéeyla -elik t¢gplerin arasénén beton dc
Ay r élciaf donatel é betonl aran ypg&kfsekanpser o
gosterdiiJi bilinmesine karkén, daha ©°nc:¢
betonlara ilixkkin bir -al ékmaya rastlanr

duyul muktur .

3ana parametreye g°re Bbgsafmakbgdapmanel &
-ift cidarl é -elik t¢gpler (DST), 2. grup!

(CFDSTR) 3. gr upt df dio-niat@dIléi poreapoinl ednol u - i f
(CFDSTP)ve 4. grupta é@al-d& betldark doellu d-oinfatt c
(CFDSTD) vyer al maktadeéer. Her grupta 2 adet
biri 0.50, dijeri 0.75 doluluk bokl uk or
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olan 300 mm uzunlujundar rtioplekmeaed rmhuamEeme, aC

davranékéné incelemek amacéyla tasarl anméxk v
°czelli kl eri keKumunel8helkléndkens e &t P I the k-tellaikke | abi | e
boru profillerin kullanél maséna gayret edilm
1. gruptaki DST numuneler ile dijer gruplard
sandvi - bet onun DSTOIl erin davranéxl ar é Ve
i ncel enmesi ama-|lanméxkteér.

Dol ul uk bokl uk oraneéeneéen CFDSTO6Il erin davr an
a ma c ®mpldma8 numunenity ar és é-bdwl uka)kam®, ( di Jer yar és
dol ul uk b @kOI70kl accraskntéia s la ir tl ehNemuargelerin doluluk

bokl uk orané hesaplanér ken;

G = i/(y-21) (3.1)

baj éntyasréardlaaBu@dacluliké o k| uk orané&éné k D¢p -ape
DodéK -el i k od &K téemlpkednl éé nvieé jtéeBien @ ed 9 mea ;medckda v d-i el

tep -aplmoueeltegm in-in sabit (170 mm) ol mak ¢z
bokl uke 860 dan Bumunelerdé6. 1 mm, dol ul a@75blank | uk or an
numunel erde ise 114.1 mm se-ilmiktir. Tem - e
mmoédi r .

Numunetas@&@ménda kul |l aneél an d¢io-nianedijoap ak @almea m @meé e

Yapan arakter mab agibié a KereP gbra¢g],| €k aotléalréank bet ona

lif donat élearoénrun dhbg s @& 8%2e-n 6 oraneénda artterd

g°ster mektteedatrd.i f kat kel e CFDSTOl ere ilikkin
I i f vV e pol ypropyel ene [ i f kat kel é CFDSTOI
rast!l anBwe méxlt@&w mada i - i beton dolu ol arak ¢r
tepen 206siél-eelbiek olni fd ok aut, k 2 6 s i pol ypropyl ene
i se karkéel akt érma yapmak amacé il e referan
cretil mi ktir. Bu parametre ile | if kat kel é
altéendaki d a virna naérkd katr &rnéal nddtskdiu sdemab d yantmeéeart & r v

kesitl erinukmukiiell e3 .i n6 déei,nzedBllogtler e gP skeei 1 mi Kt i r.

Numune isimlendiril meler:i numunel erin tasar
¥rnejin7,501iDSTarak isimlendirilen numune de i
bok -ift <cidarl e -ifadeeétrkektd, ¢ogse numumenmeoluuk d uj unu
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bokl ukn o0.ah®n@&l dujunu belirt m&ibtOediorl .ar Be&r
i simlendirilen numunede ACFDSTO harfl eri
numune ol dujunu, ARO harfi =-elik te¢plerio
beton ol dujunwe iFGdesetmemieeni n dol ul uk
ol duj unu b e Numunetne ikt e d9 mn e k kod Oad-eé | é me

g°steril mektedir

oD, (76.1 mm)
Do (170 mm)

| Do (170 mm)

, 170 mm__,

DIS CELIK
g TOP
§—BETON
f_IC GELIK
§ ToP

DI GELIK
TOP
BETON

IG GELIK
TOP

300 mm

keki INuBmulne: boyutl aré ve kesitle

¢Ci zel gNeunBunlel:erin genel ©°zell ikl €
Numune L Do to Di ti Sandvi -
_ G
Adé (mm (mm (mm (mm ( mm Teér ¢

DS 5 300 170 3.5 114 3.5 0.7 -
DSbO 300 170 3.5 76. 3.5 0.5 -

CFDRIr5 300 170 3.5 114 3.5 0.7 Referans

CFDRR»0 300 170 3.5 76. 3.5 0.5 Referans

cel ik I
CFD®O5 300 170 3.5 114 3.5 0.7 . 7 %4
Cel ik I
CFD®DBO 300 170 3.5 76. 3.5 0.5 K
Kat kel é
CFD$T75 300 170 3.5 114 3.5 0.7 rFolipitop
Kat kel é
CFD$B0 300 170 3.5 76. 3.5 0.5 roliprnop
Kat kel é

CIFT CIDARLI i¢I BETON DOLULUK
BETON DOLU KARISIMI BOSLUK ORANI
GELIK TUP

k e ki |NuBunéderinkodh - €.l é mé
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32Mal zeme ¥zell ikl eri ve Mal zeme Deneyl eri

321¢el i k
Numunel erin ¢retiminde kull anélan 3 farkIl é& -
taraféndan karkeélekseéz olarak veril micktir.

¢celi k gempilelhigh | rnd ielkar &€ bel i 16 (RIBA 3IGBK en Al SC 3
16, 2016ave Eurocode 4EN 19941-1,200dy ° net mel i kKl er i ndeki keseéet
al enmexkteéer . Buna g°r e, 170 mm, 114.1 mm ve 7

oranl aré sérasé ile 47.5, 31.9 ve 21.306t ¢r .

3.2.1.1Kupon testler

Numunel erdeekuk|l agelanin mal zeme °zell ikl eri
ASTM A37008 standardéna g°re her bir -elik t¢p
-ekme deneyl eri y ap&d mekamed a r [dAeSnledvh gA°3eiddmeb e | i
numunes i boyoudd aweér iklenkiiklt 3. 3

50 15 70 15 _, 50

20
13

20

R3s
0

keki IASBMAB7008a standardéna g°re bel.irl enen - ¢

Téep kesitler, -eli k levhal arén sojukta bg¢kyel
kenarl arénda kaynak -izgisbobulenkaektader - e
profilerin k aynak -1 zgi si bul unmiBogran dmak adiétnldian - al

profilerden- e k me demwemuneg -dlnénamat naktgdlsldare m mk e v e

- ekdereyin umunel erdid ek glRirlg 1 Inekt edi r

- NN

NUMUNE ALINAN
1 NOKTA

Il <AvNAK
‘\:‘}\:&‘. | | "}4::; }
(a) (b)
keki |(aBorugenkesiti- el i k pmafmulnlee ad &mna nk ennoakt ti akl ar

gesterBawmiu dmRkesiof i il eeldiedeneanlunduneem - e k me
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SojJ ukta «k é&ddkuvekutuekreisli mil Kk - ederinlek pt®fF il k 1 ier e
ej risinalkenlai r°gziedri mgdi jg°ongdten akma séneéeré
y°nt emi il e hy%rmatpd minené x k mad. egj@ ki tl intense , e kksee
%0 . 2 dejerindeki k al & csi# edgnl nolgatlan kgerilehee f 0o r ma
Ke#e]Ji ktirme ejrisinin sbhalklba’nlgéem¢étnae s-aihziipl
ejriyi kektaji(lkaydaréeonjllaele)r20 B7 pH

A

Gerilme:

9%0.2 Plastlk (Kalic1) Sekiidegigtirme
Sekildegigtirme

keki |IBeldggin&kma g°ster meyeamrekiél idjeimnkgerimlen
(Haydarojlu, 2017)

Mal zeme -ekme deneyl eri, K. T. . Yapé Mal
deneylerde60 ton - e k me kapas MTSma mlea sarhiiper s al t
kul I an(éd enéiklt é3. 6)

kekilteknee :deneyi de¢zened i

Herbirimuz unl ujundakdielpiobti &hlkesirt-Bl0 aogmb laiyk
i Kl eminin dQ@elri-ekKernsitgf pKekgan Sampayi vV e
fi r maséndan profieir- ibni r- e-kentei kd eneyi veherrbiune s i

- e | profidden birer adet ol mak ¢ zter-ee ktnoep | caenday i3 na
g°nder iToml amda. 3 adet -ekme (kuphbm) num
numunel erin tdemawménmndaekeki TML magma akrm
yapabilen YFLAL1 O t i plie] ikeiiifenel er kuldaejniéd tmérkme

° leder numunelerin heriky ¢ zI eri ne de kapeéibti &r élumuk e
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topl amda 2 acet® Ivkaeekdi ek @ &jdi@klI@muihunesine ait

gerimek ek i | dejJ i g% glmmelfedisi .
500
450
< 400 \

2 350
% 300
£ 250
% 200
150
© 100
50
0

0 0,05 0,1 0,15 0,2 0,25

kekil dejiktirme (n

keki |GeldmekR eki | dej i ktirme grafifiji

¢ e k reneyinumunelemin isiml e r i numunel erin aléndéjeée tg¢p
veril mi kti rl.70%r nejairna,k AAGi ml endirilen numune
(Coupon) test oldujunu i fade et mekt e, 170 i s

cinsindenédj erinitéeeilirdémeknlbmBn&8l erin deney sonr

g°r ¢l mektedir.

kekilDe3neBy :sonrasé -ekme numunesi geor ¢t
T¢em deneyl erden belirl enen mini mum akma ger
geril mesi I se 460 MPaddeéer . Cel iekeyi t ¢ p -ape
numunesiniareimaksadéi J]i Bu durum deneyi zor |
makine ajzénda kaymaséna ve sajleéeklé veri e
Buna bajlée olarak -apé 76.1 mm olan -elik
numunesinin graf j i incelendijinde grafijin bekl enen
¢ e k mamunelerie i | i1 KKki nKkeget idlegp itHike mik, dedeye

sonuéel &8i zoedlegev eX.i2 mi Kt ir.
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¢Ci zel gwal3z.e2ne: deneyi sonu-1|are

Kesit Akma ¢ ek mi E o Toplam
Alan & Gerimesi Dayan (Glga) Uzama
(mm?)  (MPa)  (MPa) (mm/mm) " (g5)

Numune Geni I Kal é
Ade (mm) (mm)

C-170  13.43 3.58 48.08 365 460 200 0.005 20.25
C-1141 13.12 3.58 57.20 380 430 174 0.006 10
c76.1  13.07 3.58 43.91 320 400 192 0.019 15.50
3.2.2Beton
Numunelerdek ul | anélaan Keeéetobll T eYkampiék Man izveenress
Labor @ntduav asrréet i | mi ktir. Numune parametr el

t el dbetanavé @iprapilenlif d o n ebte&loén ol mak ¢zere 3 f al
yapél Beorktaerré.k éml are, -eli k t¢gplerin arase
dékaréedan m¢gdahale 11 e ynedeliyek éndimeiypi rede
yerl eken bet on oKleardak i § a & d e h hanhaegikbieere.n b
vi br asy odugnadam terlemmgnda segregaspauj r amadan kendi

il e her kaléba d°k¢l ebi Ame s®E&Eikrt e(r Yl dérr
ekstrem °nlemler alma ihtiyacéné azalt ma
uygunsuz ekkni ekmimi mi ze et mektedir (Ekr
Poliproplen lif v e -telldiokn akt eetl en| ar , referans bet on
mi ktarl arda ekl enerek olukturul muk ve nu
dayanémé beton nuvemsunelrar iinien dbaafemansn] ar é

bet onun C30 beton dayanémé ver mes.i hedef |

3.221¢i ment o

Beton bil eki mi ndfeK ¢kAUNSIAa n¢eil nmeankt o¢, zSearnea y i %
firmaséeéndan karkeéel ékséz o-liamearkt omeknutl@ raendei
Kull anél an - i mefnitoinkuse lki%yalslailklveere ¢i z el

ge°r ¢l mektedir.
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¢Ci zel gkeul3l.a3n é&l an

ment onun ki myasal

3.2.2.2Agregalar

Deneyl erde

Ki myasal Anal Bil eken (¢
SIi,(¢°z¢nen) 18,70
¢°z¢snmez Kal 0,49
Al>Os 4,90
FeOs 3,31
Cao 63,51
SG; 3,29
MgO 1,34
Keézdér ma Ka 3,45
GCsS 63,91
C.S 5,48
GCA 7,39
C.AF 10,07
¢i zel gkeul3.ad4gn el an -i mentonun fiziksel
Fiziksel ¥zellikl
¥zgel aj &r | 3,11
Priz bakl an 137
Priz sonu (dk.) 216
Hacimgeni k| e me 1
¥zge¢l y4gmey 3810
2 g¢é¢nl ¢k day 39
28 ge¢nl ¢k da 61,9
k e deteldi mgrdgataa laboratwdar mevcut olan agrega
al énmexkter. Deneyl erde kull anél

sahaséndan

Bunl ar
agregh ar én el ek
3. 9vd@nmnai | mi ktir.

analki e
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3.223S¢per

Betonun

¢i zel gkel e3k. 5anial.i zi sonu-
_ Doj al Kérma Ta Kérma Ta
Elek tapée Ge-en Ge-en Y, Ge-en Y,
315 100 100 100
22 100 100 100
16 100 100 100
8 100 100 54
4 100 96 2,3
2 100 51 0,4
1 99 34 0
0.5 96 22 0
0.25 24,3 15,8 0
0.125 3,7 - -
. 100
(]
o 90
80
c 70
@ 60
< 50
© 40
L —Y PNl |t
20 —_—YPNYI ¢|t
10 —52clt Y|d
0125 025 05 1 2 4 8 16 22 315
El ek A-ékl eje, mm

keki |Ag3r.e9 a:

akékkanl

veri |l enrkBya&anies Ti c .

Akékkanl

Kl enebilirlifj

¢i zel gkeul3.abn &l an

akKtatrleese

sajl amak i -

akKt éer éc

grang¢l omet r i

e

n

ar

(o]

ejriler

naftal.i

Ki myasal Ya Dej er Alt Se st Se
Baj &l YIS 168 (g/crfk 1,218 1,179 1,238
pH-1ISO 4316 9,9 8,0 10,0
Kat é ronca((;dOE)NMESO/a)/IOQ 41,88 40,66 44,94
Kl or  MEN4ASO/EO(9E) 0,0588 - 0,1000
Al kal i -ENABKIR @o) € 1,14 - 10,00
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3.224¢ el i k t el donat é

cel i k tel donateéele betonlarén ¢(retil mesinde
Drami x -elik teller beton takviyesi i -in ©°z
telden imal edilmektedif Be k aert Dr ami x mal zeme katal oj u) .
nerilen kar ek »ENIL44883 jv& ASTNG C180§/C1HOIND7
standartl aréna g°re ¢retil mliak zveenek §lzlednhérkl @o
¢Ci zelbOgelg® B¢V mektedir .

¢Ci zel ghDsam@mal zeme °zel |l i kl eri
¥zel |l ikl Dramix 3D
Tel Kekl Kanca u-|
Uzunluk (mm) 30
cap (. mm) 0.75
En/ boy or 40
tekme daya®?é 1225
El astisite 200

3.2.2.5Polipropilen!| i f kat ké

Polipropilen lif d o n alt €t @nl ar én ¢ r et idlipropien lifler e kul |l ané
Pol yfibers fir mastéenndiam ekéaarlkeekl reakdsaé zP ool |yat rwai ks t

olarak isimlendirilen polipropilen |Iif kulla
Polytwist PT54k é vr él mék monofi |l aménkael ypol demepi é&€e
I ma l edilen yapésal bir i ftir. Betonda ol i

b¢zeéel me etkil eiPoil yédndelrlse méelotl ¢g.dSahvet mal z e me
zemin betonl ar énda, keyée y a p € | kanuté vV e I i n
uygul amal aa€ihdael emarlkar vV e t¢enell erde k ul
gereksinimlerine?®idakdnaroasaérnadka 2k uk g /amél mas é
edilmektedirPo | y wi st PT54 | i f, EN 14889 ve ASTM
cretil mi @amveo Xajelharmadaliemdlizrel | i k|l erdidec¢i zel ge

g°r ¢l mektedir.
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Ci zel gPoly@stBT8mal zeme °zell ikl eri

¥zellikle Polytwist PT54
Tip Makrosentetik fiber
Uzunluk(mm) 54 (min tolerans %2)
En/ boy or ¢ 112
Renk Gri
Korozyon Yok
Kimyasaldi r e n - Alkali ve asit direnci
¥zgel A7 Ex | ¢ 0.91
El astisite n 7.28.5
tekme dayane 560650
Eri me Akt e 165
Yanma n°@)kt a >360
3.226Bet on karéeékém form¢gl |l eri

Numunel ere d°k¢l mé&lendibkr i Bdedftreornk ¢ gérl edtdigdnm
Beton karékemlarénda -i ment o, u-ucu k¢l |,
mi ktarl aré dejiktirilerek -eliTkmfbbéonyv
karékémlarénén su/ Qi @édeo.ocCcanli &r ¢i $alkiar
kg/m®, polypropylene |if kafekamHaciémambar

beonk ar ékém f or m@ tivheerriil miikztelrge 3. 9
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¢i zel gBeet30.N9 kiar ek ém

Referans ¢ e ITelk PolipropilenLif
Bil ekenl Beton Do n aBeténl ¢ Do n aBetéen
(kg/n) (kg/n7) (kg/n?)
¢i mento 350 350 350
U-ucu Kyg 150 150 150
Su 210 210 210
Kér ma Ta 562 555 554
Kér ma Tack 514 507 508
Doj al Ku 512 506 507
Kat k é 6.5 6.5 6.5
¢el i k Fi 25 0
Polipropilen 0 4.5
Su/ ¢i ment 0.6 0.6 0.6
Beton Biri
. 2.31 2.31 2.290
Yay é(trma 73.5 67 65
Hava (%) 1.6 2 1.85
Silindirik Numune
Dayanéme 34.09 41.22 49.34
3.227Bet on basén- testleri
Hazérl anan bet 6.03Inkrrérn iHewi kbiorliurpdeéhrer beton do
4 adet ol mak ¢zere toplamda 13 adet 150 mm
basén- dayaneémeé numunel er i hazérl anmeéekter.
numunel er ikn bez8&.n depamslé&m- MRk yalnmad artfeendef | e n mi
Silindirik numuneleripsohaclkl buggalyande tHefter
gonde ul akeéeldeéejé g°zlenmixktir. Betonlar d°Kkyg
eksenel baseén- deredywlne rbiarssambarkdiiaykegn@ kt &@ri. hl er

¢i zel gev e3r.illOndidkat i r .

¢Cizel gBeBomdObasén-

N N ~ - Beton
.SG2y YFENPe.Siz2y 511 51 21 (VPP
Referans Beton 24.06.2020 34.09

4 S {Tel5| 2 v I[Béteht P 05.08.2020 41.22
t 2t A LINE LJA f Beton [ 27.07.2020 49.34
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kekil Silhdirkbet on numunmmalsemi-n d2h.eydn (a) B

cihaze, (b) Y¢kl eme sonrasé nur
Deney esnasénda olukabil ecek aksakl ékl ar
ol mak ¢zere toplamda 12 adet i - bet on d
¢i z el g dnerBunelefint ¢ mmalzeme® zliglériver i | mi ktir.
¢i zel gBend numiinelerininenl zeme ©°zel |l ikl eri
8y o 8y | &u o & i Beton K &
Numune
(MPa ( MPa ( MP. ( MPa ( MP.
DS 5 365 380 460 430 - -
DS-bO 365 320 460 400 - -

CFDSI7 5 365 380 460 430 Referan 35

CFDSRB O 365 320 460 400 Referan 35

cel ik
CFDDI7 5 365 380 460 430 41
Kat kél &
cel ik
CFDDBO 365 320 460 400 41
Kat kél €
Polypro
CFDST 5 365 380 460 430 49
Kat kel €
Polypro
CFDS$bBO 365 320 460 400 49
Kat kel €
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33Numunel erin | reti mi

331Kaltégpsar é mé

K- i bok ve i-I beton dolu -1ift cidarl e -el
edimesi nde eliket gpkerin ek mebkgzki akar ak

také makutuaéfaelkususeBs a s ail-eéin areatkon dol u ve beton d

numunel er 1 -in ayré kaleéeplar tasarl anmécxkteéer.
K-i beton dol u n u nsuéenreal seerndiearkeztice kaaip icdn®lc 2md
d¢ Kéng l¥mmecketl ¢irk. e 306x306 mm boyutl ar énda, me t

bokl uk bulunan kare bkteéer t-aHarkstapilgegni ®@3é nt asar
sajl amak amacewnlea ytegple@apicekék68i 6demm ve 106
ve yine merkezl erinde d2a0i rnmensbddiskp edragilategsce ¢ rb o K

Bu dairesel par -al arzlteriamde abbulasrear, z20 i mma A
bokl ukl aryapéemt eDéexl meéekltiékr .3 @QPX 20Ilkk karem@® | s e
par - alrd ratésgepnl ae r i dékar edan s ardaresalko lelkkk | de 17

a-eél mék ve taban par-agkecgaeeridae yvapékt &reél

ekmerkezli ol masé sajlanméexkteéer. Deéexk -elik tg¢g
amaceyl a, tepl eri dékaréedan sar an, ortaseéend
boyutl aréndaki par -al ar rtiglprmiew i \ne ¢ydn lkarsad me k
par -al arla tabanKpaveadsé&xa-ladjilkanmppktsédrabil it

par-asé ¢zerghdgdtee ryeermr | leaxmant inkg °-sitzeirm | knelkitle d3 r 1
Kal ép parizimied arAcunteonCad yywagpréedlapsxydtaemi n - al ékép
-al @ékmadeéej éné the sdketsert entei kiDaeane@hca &y komatrplak

par -al ar Dudul Bdue @rNgCa nliazzee rS akneasyiiml e hazér | ar
tutkallabi rbi rine yapékt ér e.lhatoGaki kerilzrdghdt a r hazeéer|
-a&Klntasé ve su kohmalrapledd ah e treikti il | g#n k1l 1hhadlei

al maktader .

K-i -bdr -celdipk Insugnunel er i -in ise deney <ci hé
kull aneél mak iczere t =30 mm kal enl ] énda ° z
Hi dr omekani k Hi dr ollevéntSMalkiyn ® dei bmadsuedmean at ©° |
karkel ékséz olarak ¢retmnmmi-ktieli KHetr ¢ p@6- apear
numunel er i -in °czel creti |l mik -el ik pl aka

yerl eki ml eri kekil 3.126de yer al maktadeéer.
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Deé k K- -eli
el i K¢
Dek - el

;‘/saran p

) K- -eli
Taban : — P i -.ine yle

par-.<—- par - a

umundetink @il épr It @ s-ae leimle  {(

kekil K3i 1het on dol u
t¢e¢pler ve stabilite par-alaréenéen taban p
(C)CNCO d e kpeasri-l aelnar &€ n (HWi) rKl- e k teil ri ikl Dteexpi-.\yed n ke k

tep yerl exki mi.

keki | K3i 1Boknumdne&l drgipn kkal &peltiaks aréiépme:a |

mm ol an numehefbeetitlten 2elilkepl akbeelrar . (€
-eli kl egpmyer (d)K-st- egl®irks nteekp -(eepé 114, 1
i -ienl °gzretilen -elik plakalar. (f)K- --el

(hy st g°r ¢ngé k.
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332¢el i k t ¢plerin hazérl anmasé

Borusan Mannesmanh ar af éndan karkél ékséz ol,ar ak ver.i

cretim konusunda destek ®aKhapan Galniaki Koeres T

AKi rmaseéenén Dil ovasé Organize Sanayi 6de bulu
teslim edildmi k30olcunpé |l b kr apar -al ara b°l ¢nmg¢k,
makinesinde d¢gzeltil mik ve kesit yg¢gzeylerini
Ced it ¢p borluelmar®emcesi ve sonrlkelkeinldea i 1 Jéetn e |
veril mi ktir.

(b)

kekil ¢8l LB t¢pl eribn nhabzoéyrul nadnankais €-301(iak) t ¢ p bo

cmobél i k pamaamakiéemesiontlemdpel enmasir et c i -

hal e gelen -elik te¢gplerin goreéngxky
rretil eal emimunedesasraledey gleki Ir me dejerl erini
amaceéeyl a I - vV e dexk bigpi mriknekidéedejy Kzaylmer |

yapékter el mekitreirm kKek i-ledkenjlkil idtlggr men éhl -ekrs en el

testi e s nas a&an dyaspkleeldogielnaer € a |l nireemgellemesiz i | me r i s
amacedyelka,- el k- t gplbakea m¢g xekil deedghblkdli armen éonl - e
ge-ebil eceji b¢yéekDgkteeteklahlipleeéadéleme itedkri .
3146t e g°r ¢Bumeikktleedidreen sonr a, pdgr-gas gz bierl iyke z
teplerin birim kKekildejiktirme °1 -er yapéxkt é
temi zl enmik ve birim kKekildejiktirme ©°1 -erl e
°] -er yapékterelmexkk bir i- keltiblegpnkaknbeécrt
de k¢l ecek betonun b¢gzeéegkmesinin yaratabil ece
teplerin birim kekildejiktirme °1 -er kabl ol
Kekil dejiktirme ©°I|-er kabl ol ai &ndkan eégpé airmai |
yerl er ki mi kekil 3.1606da g°r ¢l mektedir.

86



kekil K3.1él i k

tepl ere

-lei k

pekteéerélan strai
GCmasé: gPaybeki k

e T S, 2 R
s SN WM

L

keki‘ | K3. 4181 1t k t¢plagpréx ttrrédinmasgauge

| K3. 46r ai
del

keki

auge kabl ol
kl er den

ar
-ékar

o D
5
Q

87



3.3.3Betond ° k ¢ my¢

K- -el ik tepl ere strain gaugel erin yapeéxkt
yerl ekt i r i Inmeuselereddkg h e 6 @ k rKaTeKinoknalaatr Fak ¢ 1 t esi Y
Mal zemes.i ddalblg Kk @ty u veakrséende kar ékt érma yapan
betonyerdes, r et i.Renf et ans beton, -elik fiber 1if ka

katkeéel é beton ol maketamr gr¥éitcifeld mikk & tlagrr &gé@amda
n

suyun, - i ment onuark,é KrRiamd raxlt eve& ce¢ kant kénén t a

Tartél an awmyregal akrablEaetaonal énmeéKk 2 daki ka boa
Tartéelan mineral iyrhdd &@éewvei —iimendok blempopm ve D
yayél acakkkadarm&urmtrer ¢e Ardremiagikatnasalk uh dadki k a
boyunca karékteéereleéep i-erisine s¢per akekka

edil mi ktir.iyBetleanlkar ErmabTBtEN A235ct andart éna
uygun ol arak wweayédleameg/d &@m i k eykaipléd Beok t € r .
dok¢megne, 0 KT EN 123566s L 8 ndar délanyg ag ©dereang a p €

ve kekikal3édl9drda d°k¢l en betonlara ilikkin f

- -

kekil|l TBENILBSEBstandhr déena gyageéedgneyp el an

ST R - o~ amedta v a4

88



=1 9
LI

@ .:;u.lp
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kekil B8t @A d°k¢gmleri: (a)Rpbpenlains bat loé@l
bet on d°%kdmgk. [(d) kat@Silndrik usudneler. d° k ¢ my¢ .

334Ep ok si bakl ek ve kire- boyama
Betonlarée k¢r alan numunel er kal éptan - @&
betonun hacim kaybéné t agnaeny aonakkt premaglk se

epoksi baklE®l kysda p dlamd gtké tuiygluil m mfastem] r af |
go°r ¢l mektedir.

(d)

keki |l CODPSThwmunel ere epoksi bakl ék yapémeée:
(LEpok si nin hbAungneg aepeaksi (bakINakunanipgul ama
epoksi Dbakl ek kuruduktan sonra ¢
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Eksenel deftegnsenru-munede ol ukanhhaedahbh aeasyonl ar é
g%zI|l eml emek amacéyla numunel erin dek ye¢zeyl
boyanmék ve 3 cmbl Numgeli efiemekbPésnmgyxama. ve

sonraseé g°r¢négHKinemi ivwse mdgreindld a @ 2 gnfradsg Ir nkeekkti d d 13r.

— 1. Grid Cizgisi
% 1 | \\\ ~—L—1" L 2. Grid Cizgisi
v 1" L 3. Grid Cizgisi
g \:"'""-—* —~ — 4. Grid Cizgisi
R T L 5. Grid Cizgisi
| T | 6.Grid Cizgisi
.\\\ 1 L 7. Grid Cizgisi
0 "~ | 8. Grid Cizgisi
\\\””"‘V‘"'ﬁ — 9. Grid Cizgisi
Nl LA
3cm
(b) (©)
kekil KBrdid boyama ve fdlumdhet ereylerinide k mggi : (
kire- boYXammasédoy@m)an numunel ere 306er cmol |
cGrid -izgilerinin isimlendiril mes
Epoksi bakl ekl ar &, kit aemmambapwamanuvuewugel dr + nzt
teplerine birim kekildejiktirme °1 -erler ya,

hazér hale gelmixktir

34Deney D¢zeneji

Numuneleriny ¢ k1 e me dd,zd ggam nyaywred ék ayl¢rhaes émawe maki ne
piston uzdestkt eklewmek amaceéeyl a numunel erin a
kal eénl djiékndpl a-keal ar Yeydeerjliekkttiirrmel m? kt erl er Ve
yerl exktiri kekkt de]j iskotnirrameejdIlktemimer °Vve erylear
kaydediciye (datantpbgee)bbar]l bamaekéeve de

341¥1| - ¢m d¢gzenej i

3411Bi rim kekil dejiktirme °I|l-erler (Strain Ga
Deneylerde TML marka akma sonrasé °|l-¢m ya
kull anél mékteéer. Her bir i- -elik t¢gpe 2 adet
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nu mune i -1 nadteadplrek i@ dej i kKt i r me °l - er k

yapékteéereéelan kKekildejiktirme °| --8d er 10
ti pindeki Kekil dejJiktirme °]l -erl er ol up
numuneni nzaréeiknde,penwmune boyunun [ 6sinde
ekKit noktaséndan kekildejJiktirme °1|-¢mg

I s e, numune boyunun |16sinde ol mak ¢zere
KekildejJiktirmeBé&tlor md?° kampoldnekk tt€npclee r K
yerl exktii-riMar#dern -elik t¢gplere ivape&t ér €
doj rudltaucdaak keki |l de yerl|l ekt iBui lsmesg¢ieme t % me
czerindeki geri leme dajee |l mékiel dweydwrn i bm- i n
kekil dejy ertd gjmek tviregkomeml°d n e el &l 4méesdetilenk e k i |

A-Akesitindeg ° r ¢ | mekt edi r .

3412Yer deji ktirme °1 -erler

Numunelerde eksenklé s a | °mMa-lmaekk amacéyl a 4 adeterdojr

kull anél mékter. Yerdejiktirme ©°I-erler r
k°keye yerDereyredlimieunt i genel g@degn¢ hbirikm
keki |l dePl kevref pyeer dejJ i ki kmeuml aedEéd@l| masé
g ° mektedir.
Yé kil e
. pl ak
Birim ST
Kekil de Yy ] =
ol -er | S’( 3
NmEr ‘ 3 cmdl i
plakalar
Yerdefj i
° | er |
S Yokl e
P iPem pl aka
keki |l D8n&¢g d¢zenejinin genel go°r ¢
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Do]ﬂ—YUK—>Bat

- o
{L L\HZ SG3 LVDT 3
G¢ ne L
Yikleme Plakasi T
Numunelerin st
basl T
yZ?IeI%;ir::enS A —_t T Yerdegistirme Olger (LVDT) SG2
cm'lik plaka N = \!7$ekildegi$tirme Olger
(Strain Gauge)
Numune
Numunelerin alt
basligina — Yikleme Plakasi
yerlestirilen 3 Kuzey SG1
cm'lik plaka ] Piston F—] =
LVDT 1 LVDT 4
(a) (b)
kekil BBr2m Kekil dejeirkdteijrime i°rimeer® [veer | er i

konuml an@pbrealeya 91§

e

e
zenej i nb)kne kgielnded J igkPtri¢grnngek ¢v e
yerde]i ktiAmekeés$t

e
s$irerl gzeninde yerl eki mi

35Genel Dejerl endir me

Bl ¢m 26de detayl e ol arak a-éklanan CFDSTE6G6I
parametrelere ilikkin daha °nce yapeéel mék - al
numune tasarém parametrel eri -eli k-te¢gplerin
bokl uk orané ve beton karéekémé (matfelré&ahs, - e
ol ar ak belirl ekKmit anibw |l Newuwmmn &l ejrni ver sitesi
Labor antduav ag Eé&teiklsminke | ve as én- . Hdmunelerdea denenmi
kull anél acak mal z e rle6l evre skeu-riolciordkee ™ AI°HhE@ t ned |
al anl &«kmaslear esas al enméexkteér.

Téem numunel er 300 mm y¢kseklijinde olup décx
beton etkisini i ncel emek amacéyla toplam 8
tep (DST) 60seée i-i beton amwmalw tadar Ilcanmdmadté
Eksenel basén- altéeénda CFDSTO6l erin DSTOIl ere
sahip ol masé bekHdaoewmmektcerddmé etoHliud iurki i ncel e
ve 0.75 ol mak ¢ zbeorkel uikk io rfaanrék les@éé4-.timmhmelku kd ol ay é:
76. 1 mm ol mak ¢zere i ki faKkl Ean@alpam tsgm--eél
tepl er ayné kaleéenlékta (t=3.58 mdBa ol up het
standardéna g°re -ekme numuneleri eal @énmék Vv
-ekme dayanéemlaré belirlenmicktirbetonLif katke
dol u ol arak ¢retilen topl amrot aoetefldedu, ci dar | & -
2 0 s iproplemlif d o n ebetandove2 6 si I se kar Kk élnaakctéé rinhae y ap a
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referans (d¢z) bet on dlflduo ntazesrdarélefaranmé Kk v €

beton karékéména tavsiye edilen miktarl:
dok¢gmegnde en az z@r eadkset b aosl émarknumumetea n € m

hazérl anmékt ér . ¥ncelikle referans beton
edi lvmhedefl enen 30 MPa dayanéména 21. g

numunel er betonlar d°k¢ldegkten 21 gé¢n sol

Tasarlman numunel erin ekseneil- yviek daél kt é-nedlai kt e
mer kezl i ol arvaek vyyéekr¢élne kntuinmmuinlemeys¢éiz dy iy &k hon
°neak @maktadér. Bu sebeple, 6 moélik -elik
kesity ¢ezy | erinin d¢z ol maséna °zelli kle hass
edi | mi Kkt i¢grm¢ Bseétroans édn°dkamek ek | kIl t Epheni safpka

lenumune kal éplarée °ze&l-iolbakak ithds aeldammhe
yine -el ekkemt ¢ypgdkeraintéenda stabid9zelesialils

pl akalar ¢retil miktir.

Numunel ere d°k¢l en betonl ar kK ¢r al dékt ar
tamamlamak ve d¢z bir y¢gzey olkutkétru.r mhaykr éac
eksenel basén- deneyl erinde numunel erde
g%zl emlemek amacéyla numunelerin dék Vyyg¢:

cmdél i k yatay ve d¢gkey gridlere bol ¢nmgxkt

Deneyler 5000 kN kapasitelitestcitan da yapél mék ol up her n
t¢eplerinde yer alan birim kxekildejixktirn
araséna, 4 k°keye yerlexktirilen yerdej i KI
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4. CFDSTOLERE KLKkKkKKN DENEYSEL SONU¢LAR

41Deney @®fizl em

Bu b°l ¢m her bir deney sérasénda yapeéel an

video kamera ile kaydedil mik ve her y°nd:«

Her bir numuneye 5000 kN kapasitélimsler markacihazdae k s e n e | baseéen-
yapéléméek Her bir numune ®.0Immgg kil ren mdéu merzel
yé¢zeylerinin beyaz kire- boya il e boyanm:
ol ukan deformasyonl ar ve bekl enientiyer eHet

birtestorttema455 0 daki ka s¢é¢rmegkKt ¢r .

Eksenel basén- test.i yapél ér ken, yékéen n
sajmh&a amaceanel er innumal t ve cdhtayh &g lrenel ar
pl akal ar3@ear a&asmenkaal énl eéj eénda {é&lkkk)l pBakRa

Deney d¢zeneji wverliewahilleynwppakal Benmaki ne

i se bu -elik plakalara milimetrik ©°1I|-¢m o
Her bir numunememunelsdr isrpriesineedéek -el i
ol an kekildejiktirme °1-erlerden ve yg¢kI e
vede] i Ktir me °]l -erl erden (LVDT) veri al

yerdejiktirmeler miktimetr ederci mauimudery e vea
a-éeékl anér ken, deney s¢resi neekiall enjaink tvierrr
ekseneyerdgki ktir me gr af i KNluemuinred eerr d ¢ a rod ri
def ormasyol arén | kkeks yl-o ad.&xrle | e | igmrt idl i-rik
i simlerinden Awyararal adneéénenwvéekt @cesi nde, den
anlarda ve deney sonrasénda -ekilen ve d

ekl enmi ktir.
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4.1.1DST-75numunesi

DST-75 sembol ¢nde DSETcndamuheéni(m-4i beton dolu
ol duj unu, 75 i seéemMoOuThkolbdw] whnuoepitaanttear me kt e
i - -eli k te¢gp -ape 114.1 mmoédir . Numune, - e
ortal anarak vyerlektiriHeazmlkda an dekpereh | €6r 64 mm
yé¢kl eme yapeéel arak deneye bakl anméexkt eéer . Dene
KekildejJiktirme °| -erlerdeceserigaalkeérme@ct ér .
keki-avd . Kebdée d°7¢l mektedir.

Deneyi nasbéaykllaambi r |l i kt e déxk vV e i - -el ik tep
Kelkdeji ktirme °1 -erl erdgémnygkveek jbie k4 2Zsnrdeqg i ke ki |
dojrusala yakeén dejerde ©°I|-75pumlnesi eksenele n maya be
basén- alt énkdaad alr2 Oel .a6s3t ikkN6daavr anék g°ster mi K
bir def or masyon g%zl ebmemirk di k-iirzeh-2 6 o@ @ Kk N
d° k¢l mesi bakl améekt ér . Numunenin eksenel b a
artmek olup bu dej er den sla2reréa 2&bz aklNndadyaa nbuarkul né
kesméenda Kkire- boyh gd-®°dk ¢-lingegsiis i anrdtemébku r\kau | ma
g%zl enmilR26r 25 kN numunenin takédéjée maksi mu
deécxk tept eki Kekil dej i kltOi2romse (slt-reagipne, e e n orfr
Kekil dejJiktirme °| --22226 deOst ri sien o%It-ad mmaal
LVDTO6l erden °1| -¢1l en ortalama késal ma mi ktar é
Dayaném 824. 04 kNo6éa kadar d¢ Kmg K, Si steme

numune Yy¢k al maya baaxyam&Emé éfdl3NununkNdDa - ¢
noktadan sonra tekrar d¢kmeye bakl améxkt ér . H
yerdejiktirme °| -erlerden ver.i al énmaya dev

sonl andér él méexkteér .

Deney sonunda LVDA, LVDT-2, LVDT-3 ve LVDT-40t en okunan késal
mi ktarl aré sérasé il e 35. Bumameninndekezdem, 34. 5 mi
342 mm késal déej é belirl enmicktir. Her bir LY
yerdeji kigirmme Kihnmpde kekVDTa&IlL &r den al énan ort
-izil en ek syyemalet] iyreme (knNm) gr &fdie] iveirsé miketki o .
Numunenin b¢gyék oranda simetri k deformasyon

dejerlerin birbirine -ok yakeén ol duju g°r¢lm
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eney s¢resince yalmkkulcma 1me yydarda -dg elgdisjii
umunenin dék ve i- t¢gplerine yerlexktiri
érasénda kaydedilen verilerkxekel defiexked
ril er.i kekil 4. 3 e nkeegkislerda.sehmtden wd ruikla

steren fotojrafl ar kekdéekid. "adar deoe

o

stfeatean] r af | ard ei sdee tkaeyk iel oBuadbanklan sonraku | mu K t

munel erde hasar ol ukumunun en ger-ek-i

o @ @ o v Z O
o

® C

ney sonraseé ikiye kesilmiktir. B°yl ece

-atlaklar ve bunl arén gelikimi rahat/l

¢

2000
1800
= 1600
= 1400
1200
1000
800
600
400
200

0

)Y

Eksene

0 5 10 15 20 25 30 35 40 45 50
Yer dej] i(mm)i r me

keki IDSBE/5aumunesi LVDTO6Il erden al énan o]
eksenel-yggBdékNktirme(mm) ejrisi

. 2000
> 1800

LVDT 1

| /DT 2
~ 1600 = | VDT 3

£ 1400 —— VDT 4
@ 1200
c 1000
® 800
» 600
X400
W 200

0

0 5 10 15 20 25 30 35 40 45 50
Yerde]j i(mm)i r me

keki IDSB7®2 numunes:i LVDTO6Il erden al énan
yék(keNndeji ktirme(mm) ejrisi
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6 8 10 12 14 16 18 20
kekil dej i®ktirme (

keki IDSBR7 B numunesi déek tg¢ptelotalammae ki | dej i Kt
eksenekkybke]jiktirme ejrisi
2000
> 1800
11600
= 1400
1200
<1000 7
® 800
geoo
L] 400
200
0

o
N
N

6 8 10 12 14 16 18 20
kekil dejJ itktirme (1

keki IDSBZS% numunesi i - t
eksenekekylbkejik

¢ 2000
-0 1800
> 1600
1400
1200
1000
800
600
400
200

Eksenel

—SG1 SGH
e SG 3 e SG 4

O 2 4 6 8 10 12 14 16 18 20
kekil dej i®ktirme (

Kekil dej ikt

keki IDSB7Z % numunes:i dek t¢epteki
Kt ejrileri

yeékekil defj i i rme
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X 2000
~) 1800
> 1600
1400
‘o 1200
— 1000 m
© 800
» 600
i 400 I'SG1
200 —1:5G2
0
o 2 4 6 8 10 12 14 16 18 20
kekil dej i¥ktirme (1
keki IDSBE/56umunesi i - te¢epteki Kekil dej i k

yéekekil dejiktirme ejrileri
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(@)

—+

-3

() (d)

1

-+

() (f)

keki IDSB7 Y% numunesi vedemeysong®mgreskl eri, 1206.
kN, 1216.44kNve 126 . 25 K B©® d a k EDkelnaeryé :° n(cee)si ge¢ney you
(bbDeney Rnzeys(cflR06 . 6y ¢ckidyda o] u yO°knignede 1. gr |
boya d°kg¢l mesdli2 1l6a kildaghkdNeialen.e - ( db)o yrale d ° k ¢ | me s i
ar.t(eflkk 2 6 . 2 3. gikdilebwlkalmab a k | a(f) Qedey song ¢ n ey

y°n¢sgmdéd@enng K.
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keki IDSBRZ B numunesi deney sonu g°r¢negkl e
g°r¢é¢negk. (b)) Kuzey y°n¢gnden gl°reée¢negk. (c
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4.1.2DST-50 numunesi

DST-50s embol ¢nde DST numunenin -1ift cidarl é& i -
t ¢p ol duj unu, 50 i se dol ul uk bokl uk oranei.l
Numunenin i - -eli k t¢gp -ape 76.1 mmodir. N

yé¢zeyine ortalbhanakopenl 6kOidr imimd sn sabit hié
yapélarak deneye bakl anméxktér. Deney s¢resin
°]l -erl erden veri aleocoemegktg@genelNugUamvemikl denely
kekittbode 1H°r ¢l mektedir.

Deneyin baklamaseéyl a birydxeyyi nide vyeerdeakl a-nelk
Kekildejiktirme ©°I-erl er @gem ¢hkekijle 4zB3 eveok

yakén «kKkekilde ©°I-¢mlerb50alreunmaryasibaxkl saenmeElkt b
altenda @8@a@da29ekBWé8ai k davranmék ol up numuned
gzl enmemi ktir. 9646. 39 i dNkGdagn bowme di°rk ¢ me s i
ol duj burvkeul maneén bakl adéjeée g°zlenmi Ktir. 9 6
maksi mum y¢ k tdeepjteekke k 01 d p] d ecktalamarl®762.82- er | er den
Ostratigopt ek-i keki | deijeioraama2nBe8 6% -€ebrtl geani dne n

al én méauk tyerk. d.eVjDelroil red ed ertalanwik @ snaalnma mi kt ar é i se
mmoédi r .

Si st eme y ¢ k veril meye devam edil mik ancak
bakl amékt ér . D adysaknt @gfP 68 2.99 nunkihéddrsd.. grid

-i zgibaikndeg an bur kul ma belirginlekmiktir. Her
ve yerdejikdn rvneri°lalegnmaya devam edil erek vy

sonl andér él méexkteér .

Deney sonunda LVDA, LVDT-2, LVDT-3 ve LVDT-4 6t en okunan kesal
mi ktarl aré ayné olup 38 mm@rdd ir k't iLrVErGrmm)r i n
grafi kleri, Ke¥KDToddeadhddetrd aor t al ama verilerle
yéek(keNndej i ktriarfme(imm)sege Kielk mil k#4i. ©06d a

Deney s¢resince yalnéezca 1. grid -izgisinde
Numunenin dék ve 1 - te¢gpleriemetapentféndiani | @der
séraséenda kaydedilen verilerkekel defiekedr men
ejrileri kekil 4. 11 vV e kekil 4.1206de ver
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def ormasyonl ar é gesteren fotojrafl ar K

go%m¢klerini i1 -eren fotojraflar ise kekil

2000
1800
1600
1400
1200
1000
800
600
400
200
0

~NJ
>_

Eksenel

0O 5 10 15 20 25 30 35 40 45 50
Yerdej i(mm)i r me

keki IDSBE ® numunesi LVDTO6l erden al énan
eksenel-ygg®d ékNktirme(mm) ejrisi

2000
1800 ——LVDT1 =—LVDTJ
1600 ——LVDT3 LVDT4
1400
1200
1000
800 ///"\\\\\\\\\\
600 |/ —
400 | TN

200 -

Y

Eksenel

0 5 10 15 20 25 30 35 40 45 50
Yerde] i(mm)i r me

keki | DI-5D0 numunes.i LVDTO6l erden al é@énan
yeéek(-KkeNDdej i ktirme(mm) ejrisi

2000
1800
1600
1400
1200
1000
800
600
400
200

Y

Eksenel

0O 5 10 15 20 25 30 35 40 45 50 55 60
kekil dej Ptirme (1

kekil|l DI-5D1 numunesi dék t¢ipteki kKekil de
eksenekkybke]jiktirme ejrisi
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2000
1800
1600
1400
1200
1000
800
600
400
200

Y¢

Eksenel

0 5 10 15 20 25 30 35 40 45 50 55 60
kekil dejJ iPktirme (1

kekil DSI-5D2 numunesi i - tepteki Kekil dejJ i Kt
eksenekkybke]jiktirme ejrisi

0 2000
> 1800 —SG1 SG2
1600
1400
1200
1000
800
600
400

200 |

Eksenel

0 5 10 15 20 25 30 35 40 45 50 55 60
kekil dejJ iPktirme (

keki |l DST-bAn3umunesi dék t¢pteki Kekil dejJ i kKt
yéikekil dejiktirme ejrileri

2000
1800 1-SG1 [-SG2 |
1600
1400
1200
1000

L
800 ‘——\‘\-)
600
400 ——]F

200

Y¢

Eksenel

0 5 10 15 20 25 30 35 40 45 50 55 60
kekil dejitktirme (1

kekil DST-5D4 numunes.i i - tepteki Kekil dej ikt
yeéekekil dejiktirme ejrileri
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(e) (f)

keki | DST-5n5u munesi dgenrecyn ga6R6ekeiNsve,882.9
kN6aki ddabDreanregyk P arceeysd o.j()D eynerye @ nrceeysh at €
° n(go66.26k Noglaneybate y°n¢gnde (st  bkakrleeek ve
oya d°kg¢l me 9066.26kaNkoldaan ¢é ¢ € . b-u{rdkpuil smian.dbea k | a n
©882.9 kNbébda 1. grid -izgisinde belirgi
gor ¢mMmM&82.9 kNb6bda 1. grid -izgisinde beli
y°n¢ g°rénéke.

o<
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keki | DT-5n6u munesi deney sonrasé genel g

4.1.3CFDST-R-75 numunesi

CFDSTR-75 sembol ¢nde CFDST numunenin -1ift ci de
ol dujunu, R -elik t¢pler araséna d°kg¢len san
i se dol ul uk b ookllduukj uonrua ngé®nsétne rOomex.s edi r . Numun
-ape 114.1 mmoédi r . Numune, -el ik pl akal ar a
yerlexktirildikten sonra 0.01 mm/sn sabit h €
bakl anmékt ér . Deney s¢ekbsldepi hkerr 88 &KNédnl b

al enméektéer. Nwnwnengiemedemngeya ;e kKkdhkde kék23 4.
go°r ¢l mektedir.

CFDSTR-75 numunesi eksenel basén- alteéenda 1667
ol up numunede herhangnembkti def ad6®mas york Nghaln
takédéjeée maksimum y¢gk dejkéesméehdpnb8 dmjaxkdp

bur kul manén bakl adéjée g°zl enmi ks avbe ty ayklkak ék
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al ar ak bur kul mukt uecxk By p tyeskki e dke® keir B onbdper d «

ortalama-5 000 Ostr ai n, - tept eki K e-BOO0 dej i K
Ostrain ©°l-¢m al é@énméxktér . Sisteme y¢k ve
basén- dayanémé 1569. 6 kaodeak nmileskkt ngsrkda vie6 1s8o.r
I-SG206den ver.i al énamamaya baxklanméxktér.

d¢kmeye bakl amé&kKglodehl verk N@ad & nlamamaya b
tepte yer al an Kekildejiktirme ©°I|-erler
numunenin anst9 kemim@éwmm¢iedbur kul manén backl
Dayaném 1324. 35 kNoéba kadar d¢g¢KmMgkK, sister
y¢k al maya bakl amékt ér . Dayaném 1373. 4 Kk
ul akéel déj éndan deénlenyé Kd ¢ zveenrei] ianldéenna maénkéakrt &
LVDT-1, LVDT-2, LVDT-3ve LVDT-4 6t en okunan késal ma mik

mm, 41 mm, 4 3 mm v e 4 3 mmoédi r . Numunen|
bel i r | erwvmiTitl ierr.i n e kysrégniend t | y gnle(kknde)y | gk a Ki
4186 d e, LVDTO6I!l er den al énan ortal ama ver

yeridetfi r me( mm) gréade jvieriislemikketkiirl. 4. 17

Her® kNo6da bir déek kekildejiktirme °1| -erl ¢
devam edi |l mi kamumulnee8n/i.nm3 2a lktiNOkésmépda¢ 3 ¢
burkk manén bakl adéjée g°zIl enmi katyiarn.é nN ulnfuOnée. ¢
k N6 a kadar - ékmexk, y ¢ Kk veril meywandevan
def ormasyonl ardan dol aye daNadiamaigicgmx mey e
kapasitesine ulakeldéjéndan y¢ ¢k bokal t ma
°]l -erl erden veri al énmaya d®deamyediclresek

numunenin ¢st késméwahdn XK ecsnméwnal a@intkdm cank ayj

czere ¢ - akamal & burkul ma meydana gel di
t¢eplerine yerlektirilen kekildejiktirme
veriler ile elde edikleinl deijtiadk aimdn®Eyesjemiell €
kekilodé. Z@r i lvmitig-ptre yerk al an birim kKeki
eksend&WN-k g kkil dtei r me gr afikdleirlie Kekd d d ndi. tl
Deney sérasénda aoleukgePmstceefear naoostiyedgeylde! ar
sonrasé numune g°r¢negkl elrdi2ddide i detaryl € oo
veril mi ktir.
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™) 2000
> 1800
1600
1400
1200
1000
800
600
400
200

Eksenel

10

keki | CEDSHR?’ 5:

1400

keki | CEDSTRE/S numu e s i

15 20

25

30 35 40 45
Yer dej i(mn)i r me

| erden al @énan

numunesi LVDT®
lzilen ekgeneé] ygkKi( ke ( mm)
= VDT 1 ==—=LVDT 2
——LVDT 3 LVDT 4
‘”\ i
e
0 10 20 30 40 50

Yer dej i(mn)i r me

ejrisi

LVDTOlygki(-ik Neksenel

yerdejiktirme(mm) ejriler:i
¢ 2000
"~ 1800
1600
__ 1400
© 1200
< 1000
2 800
600
L 400
200
0
0 5 10 15 20 25 30 35 40 45 50 55
kekil deji®ktirme (1
kekil CEDSHRI7 5. numunesi déxk tg¢ipteki Kekil dej
ortal ama ekkseliell deg]jéciktkiNDme ej ri si
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0 5 10 15 20 25 30 35 40 45 50 55
kekil deJ iPktirme (

keki |l CEDSTRO75: numunesi i - t¢gpteki kekil
ortal ama ekkseliell dgj¢érikidgkiN) me e

—SG1 SG2
e SG 3| e SG

0 5 10 15 20 25 30 35 40 45 50 55
kekil dejitktirme (1

keki | CEDSTRI7 5. numunesi dék t¢ipteki Kek.i
eksenelkgkkl(@dB)i kKtirme ejriler:i

.0 2000
> 1800 | ==—1-SG1 ====|-SG2]|
1600
1400
1200
1000
800
600
400
200

Eksenel

0O 5 10 15 20 25 30 35 40 45 50 55
YerdeJik¥}irme (10

keki |l CEDSTRZZ 5: numunes:i i - te¢epteki Kekil
eksenelkgkk(BB)i ktirme ejrileri
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n g L

rsd,_ua

L Py
L ""Fi

keki | CEDSTRI/Snumunesi dgenre¢yn 66U edNsSii,

14225 kN ve 1687. 32 (@mDhNédaxk id Jguaeyys iaybeamygl.a r(éb:)
nclkvsiey WYBAK.NO@@Muneni ndag s3 &msaka] é€da
bakl|llukdmm én gaoargew°y@IwBg/KkkNomdamuneni n ¢ st

keéesdaen3 cmbawkdjagda bur kul manén pe22ABybatée y°n

k Nbdiamunenin ¢st keés ménidirirBurkulme (68822 ] éda baxk]
k Nébdiamuneni ndaal 3 &m shyasklaaye&ml bmanén g¢neybat é

gor ¢é¢ng¢éKyg.
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(c) (d)

kekil CEDSZ/145 numunesi deney sonrasé g
4.1.4CFDST-R-50 numunesi

CFDSTFR50 sembol ¢nde CFDST numunenin -1ift
ol dujunu, R -elik t¢pdteanam arsé&fnar alR kK ;b etno

ise doluluk bokluk oranénén O0.50 ol dujun

-ape 76. 1 mmoédir . Numune, -el ik pl akal
yerlexktirildikten sonra O0.01éimaaftak dabe]
bakl anméekt ér. Deney s¢resince her 50 KkNO

al @énméexkt ér . Mwmwsnemiemede memkekikib ke kd k e ki
43kcve kekdodedg3St¢ il mektedir.

Deneyin baklamesdexl a ebii kl itkigtp y¢é¢zeyi nde
dej i ktirmee%li-lerdl.er9d e rige ldigl] ¢4 ¢ @®dka doj |

Kekilde °1-¢mler al é&nmaya bakl anméxkt éer .
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CFDSTR-50 numunesi eksenel basén- altéenda 1687
ol up numunede herhangi bi&g8 d.efdodinGicdsapa ne gyezrl e
alan SG1, SG2, SG3 ve SG4 «kekildejiktirme ©°I
g°zI|l enmi k d6662pl526-19a76e1i39851 Ostrain °1-¢m al
K te¢pt e-SGleeiS&@RP aweki |l deji kKtirme-284bvweer | erinder
1132 Q@slt-rggmiummukBur y¢k dejerinde LVDTOl erden

mi ktaré i se 5.68 mmoédir.

1687.7 kN numunenin takedéejeé maksimum y¢sgk de
yé¢k veril meye devam edil mi kK, dayanémda ani
Dayaheamé87. 7 kNoO6édan 1530.36 kNoéa d¢gkKkmék, dah
1559.76 kN, 15791 kN, 1599.03 kN, 1596.6 kN, 1540.17 kN, 1520.55 kN, 1471.5

kN ve 1393.@i2l| kW @eBuédafalmrimadail7 9. 41 k N6 da
numunening, St kés méndamnrXud maaieanp ébdakd rardiékt i r . 159
kN6 dS®51vweiSG206den vewyia édhehamamat er . 1540 kNOd
orta kéeésgmeEnda&seémdanb urs5k ucl meaknli€and €jd@ ) g° z|1 enmi K
Dayaném 1 3k9a3d a0m wkiM@ a b u  yngukmudnegjneirni nkiket a k € s méer
de

edil mik ve numune y¢k abmayakBRNaxkKledgegpai ak d&a
-ékméaebdr TnkmMomani n al t ke sborkutmdaank 13a dcemj ey uk ar
g°zI| enmi66t7i. 17 kN6 da LVDTO6Il erin denaypasitesi ne

Ka dojru bur kul manaanrasisr e med Jye¢ kg °vzd reinlmmekyte rd. e

d¢zedn nden h&lbaauéal meikr, birim kKekil dejiktirme
al énmaya devam edil|l mi ktir., Bu YWWRT)seviyesin
ortalama46.5mmk e ki | dejJ i ktirme °1 - ¢l mgkt ¢r . Daha s
azal mexk, hebi r5i m omalai | kKdierf i ktirme ©°1 -erl erde

sonl andér él méexkteér .

Déxe ti¢g-pte yer al an bi teinmortalemealeksdnelye -k Kkt i r me °
Kekil dej i ktkierkmel &le &i71 kvldeeL2MODOTHD | er i n -eksenel 'y
yerdej i kt ifrirkd (emm) kgerka | 4. 2606da, LVDTO6Il erden
-izilen ekgemdale] ygki( kiNg ( mm) grafifji i se kel
Deney sérasénda olukan deformasgorklekrid g°st
43%de, deney somgrilseemmmuinet g°m gfe akre kiisle keki

34edtdet ayl e ol arak verilmixktir.
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‘\izooo
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@ 1200
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(8]
5 800
~ 600
W 400
200
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keki | CEDSTZR&6 0: numunes:i LVDJo(FHkeM) n eks
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= 2000
)
5 1800
1600 ~
— 1400 ﬁ
© 1200
€ 1000
i
(72}
600
4
L 400
200
0
0O 10 20 30 40 50 60 70 80 90 100
kekil dejiPktirme (10
keki | CEDSTRA O: numunesi dék t¢ipteki kKek
ortal ama ekksekiell degj¢ciktkiNme ejri si
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keki | CEDSTRI50 numunestl e n e y g°°nrcgensgg 857244 |
kN6daki d@be a@yg Kaatreds (oI mDeneku2ag.epiny
(cdDeney Jdnrceyshaeernyéyn ¢ nrceeysd o0.j(ell579.21n ¢,
kN6da nugnsutn eknéisnrmar d pmkad ymku lgmanregn y ° n ¢
gor ¢nA®g 9. 41 k NO d skténsumdunndeamni dakimapamaj € d
bur Kkulgmanregrbat é y°ng¢g go°r¢é¢ngéKyeg.
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(€) (f)

keki | CEDSTBRZS0 numunesi579.41 kN, 1540kNel1 6 6 7. 7 Kk NO dak i
vr a.nadglgk7b.alkNg ¢ n ey d o.j(bl579.81rkNkuzeyy ° n(@1540
kNobda orta késémda baxkl ayan (di:4okk kukegnanéen g¢ne:
° n(@1393.02kN6da orta késémda belirginlexkxen bur
gor gnfle67.7kNnumunenin alt késméndan 3 c¢cm yukar
é

géneybat y°nyg
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keki | CEDSBREI0 numunesi deney sogenelg © r ¢ n:¢ K(lae)rG¢ ney

y°nRGe¢neydo J(dKuyzlenysb.atdE uy &5 g o j(fGeneln ¢ .
goré¢negkl er .
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(@) (b)

(© (d)

keki | CEDSTR40 numunesi deneysogenelg ® r ¢ n¢ kK1l er i

4.1.5CFDST-P-75 numunesi

CFDSTP-75 sembol ¢nde CFDST numunenin -1ift ci da
ol duj unu, P -eli k te¢gpler ar askatak edl®°ék ¢ eetno ns a
ol dujunu, 75 ise doluluk bokluk oranénén 0.7
- -eli k te¢egp -apée 114. 1 mmodi r . Numune, - €
ortalanarak yerlextirildikten sonra 0.01 mm/
deneye bakl anméxkt ér . Deney s¢resince her 5 (
°]l -erl erden veri al acreaskt greneNumgymegmicgrk | cden ey

keki b 4.ed4d X eloidle .04 | mekt edir.

Deneyin bakl amaseéeyl a byi¢gzleyklteer i h@&@e wer i al ame
Kekil dejiktirmé. #0 - ee |0kdecl egh® rke Mdilel] ¢ ¢zere do
yakén dejerde ©°1 - ¢ mlle6rl 8al6&&n nkaN/Gadlagrahkul naunnmeenkit né

-i zgibait @i ryk®inr¢en-deboya d° k¢l me sin Mummenimak| adeéej é
akma sénér dejeri 1638. 27 kKN olup bu y¢k sev
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