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AASHTO-LRFD kriterleri

(Madde 4.6.3.7)

Analizlerde yiik dagilimlar hesaplanirken kule

geometrisi, Uist yapinin burulmaya dayanikliligi ve
kablo plan adedi 6nemlidir.

Kablolardaki sarkmalar, tist yap1 yer degistirmeleri, ve
olagandisi durumlarda malzemelerin dogrusal
olmayan davraniglarini izlemek gerekmektedir.
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Kablolarin Elastik Modulusu

Ani hareketlerdeki rijitlikdeki Emod

E
Emod o 2 5
EAW “(cos @)
1+ s
12H

Degisen kablo ytikleri altinda sarkmayi tespit etmek icin

- E
e [1+(H1+H2)EAW2(cosa)5}

24H ,*H 2

Kopriu tist yapisi hareket ettikce kablo yuikleri degisir.



P ablo Tasariminda Dikkat Edilmesi
Gereken Hususlar

Statik Yuik Altinda Tasarim ve Yorulma
Degerlendirmeleri

Kablo Titresim

Baglanti Detaylari
Paslanmaya Kars1 Onlem
Yapim Asamasi
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“Emniyet Gerilmeleri Tasarimi
AASHTO Standart

DL+LL+IM <0,45 UTS (yapim asamasindan
kaynaklanan yiikler, siinme ve rotre dahil)

Diger yiik kombinsayonlar1 1¢in < 0,50 UTS
Yapim asamasi ve tamir sirasinda <0,56 UTS

Egilmeden dolay1 21 MPa gerilme asilma durumunda
hareketli ve dinamik yuklerden olusan eksenel yiik
tarafindan olusturulan gerilmelere aktarilacaktr.



~ Yiik Direnim M

AASHTO LRFD — Yorulma limitleri

Strand (ASTM A416) % 8,5UTS : UTS = 1860 MPa
Tel (ASTM A421)  %11,7 UTS : UTS = 1655 MPa
Bar (ASTMA722) %10,0UTS : UTS=1035 MPa

Tel kablolarin yorulma dayanimlar1 daha verimli. Bar kablolar
daha c¢ok kisa kopriler i¢in kullaniliyor.



~ Yuk Direnim M

Dayanim Limitleri — Cooper River

Koprusu
Strength V =
Strength | = [Strength Il =| 1.25DC + Cable Cable Break
1.25DC + 1.25DC + 1.5DW + S Replacement|1.2DL1+1.4D
1.5DW + 1.5DW+ | 1.35(LL+IM Evartio bl 1.2DL1+1.4D L2+
1.75(LL+IM | 1.4WS + +BR) + S 05 - FO L2+1.5(LL+I)| 0.75(LL+1)+
+BR)+ 0.5TU 0.5TU 0.4WS + : +1.Cable |[2.Cable Loss
(kips) (Kips) 1WL+ 0.5TU Loss (Kips) (kips)
(kips)
<0.65 UTS | <0.65UTS | <0.65UTS | ~985W =1 _gg8uTs | <09UTS
0.765 UTS




~Kablonun Eéimﬁlayl/

olusan gerilmeler

Dairesel bir kesit icin egilme gerilmeleri:

Om = 2C‘{\/Eaaxiale_kX k = —\/g

Baglanti yerinde egilmeden dolay1 olusan gerilmeler
e 205\/ Eo

xial

-
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‘Kablo Titresimler

Kablolar riizgara altinda genellikle salinim hareketi
gosterirler. Uzun kablolarda agirliktan dolay1 olusan
sonimleme etkileri azalmaktadir.

fivis £ / E Dogal frekans ,f, , eger riizgarin olusturdugu frekans ile
21 Y m ayni konuma gelir ise kablo stabilitesi bozulabilir.




Yagmur-ruzgar birlesimli instabilite

Ruizgar kritik bir hizla esmeye basladigi anda kablo
yagmurun da etKkisi ile artan bir salinim gosterir. Bu
salinimin olmamasi icin varsayilabilen limit ise

[mij>10
od




Kritik rizgar hizinin hesaplanmasi

Kablonun salinimini hizlandiracak kritik riizgar hizi
asagidaki denklemden yaklasik olarak hesaplanabilir.

e

crit 2




" Kablo Titresim Sénimlenmesi

Ara kablo
Disardan sontimleme
Icerden soniimleme

Gerginligin verildigi kule
badlantisi

Icerden sondmleyici
Ara kablo

Disardan sonimleyici

AN

Sabit Baglant
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(girdap) hizi

Burdaki S, Strouhal sabiti olup dosemeler i¢in 0,05 ve 0,2 arasi
degismektedir. D kopri doseme kalinligi ve N de girdap frekansidir. N
say1s1 yapinin frekanslarindan birisine denk gelir 1se rezonans meydana
gelebilir.

Not: Ust yapinin diisey ve burulma frekanslari arasindaki oranin 3 den
yukarida olmasinda fayda vardir. Daha dogrusu yakin olmamalilardir.
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Kule Tipleri

Gergin Egik Askili Koprii i¢in gereken
Kule Yiiksekligi (Yol Yiizeyinden )/Ana agiklik (2 kule aras1) = 0,25
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Yuklemeler

Ola

Hareketli

Riizgar (175 km/hr)

Deprem (2500 sene doniis periyodlu)
Kablo kopmasi ve onarim

Gemi Carpmasi (33000 ton dikey-altyap1)*

*Eger kopriintin ayaklar1 suyun icinde ise
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Malzeme

Malzeme 1¢in gereken asgari degerler

Beton 28 giinliik basing dayanima:
Ayaklar 48 MPa

Kaziklar 35 MPa
Tabla (Deck) 55 MPa
Celik akma deger1 345 MPa
Donati akma deger1 420 MPa
Ongerme halati 1860 MPa
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Yapim Asamasi — Cooper River
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st Yapi Kablo Baglantisi

MUi=:

STUD SHEAR
COKNECT DRS ACT
SHOWN FCR CLARTY

L HORAIL
DANPIR j

3/

CRFIPE
4 STIFFFNERS MUl
SHOWM FOR CLAUTY)

e NHU-IG FLATE

Ry

DETAIL

FOGF GIRDER
TOP. FLANGE —,

N2 CoUM. SOLCES .

J (SEE NOTE @)
~tEER T

FN-ME-CG-L02

SIDE_ELEVATION - CABLE CONNECTION TYPE-Il

SUKEE 4 )

T T e TR 5
wmmuw ST
STED FOR CONITRUCTION Y

OCHRPION O FEVEXN

— r::l:_g_ _—;mvacrc:‘m'\mrw e
— . % Pelmetto Bridge
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%" x 8"
STUD SHEAR
CONNECTOR
(TYP)

FORMWORK
TUBE

FRONT PL.

; FACE OF
’-1 CONCRETE

BEARING PLATE
STIFFENER

SIDE PLATE

A

34— TRANSVERSE CABLE
PPORT PLATE

TRANSVERSE CABLE
SUPPORT PLATE
(CLIP 1"'x1" )

N"UONGITUDINAL CABLE
SUPPORT PL. (TYP)

SIDE PLATE
BOTTOM PLATE

v

~——INSIDE FACE OF
CONCRETE

NOTE: TAU IS MEASURED

CLIP BOTTOM PL 2'x2"

3

IN' TRUE HORIZONTAL PLANE
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Kablo Sonumleyicisi

Disardan Disardan
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Connection Design for Cables
Based on AASHTO LRFD

South Plane

Table 3.4 _1-1

/

"AASHTO-LRFD Kablo Tasarimi

Strength W
= = +
el Suength 1l 1 Bt £ Cable Cable Break
1BDw+ | = 1.35[LL+Ip | Ertreme | Ewtreme | Replacement) ) Sr) g 5
Cable| DC | Dw |LL+it| weS | wl | BR | TU + 1,50+ Eventl= | Ewventl= | 1.2DL1+1.4
! . ; " " : 1. FELL +EBR) + 2+ O.7S[LL+)+
Mo, | [kipz] | [kip=]]| [kips]) | [kipz] | (kip=] | [kips] | (kips] 1. 48055 + DL + 0.5LL DL + DL2+1.5(LL+

+BH]+ 0.5TU 045 + | EQmax | EQmin 1]+1.Cable | =Fabls Loss

D.5TU (kip=) 1w L+ Loss [kips] [kip=]

[kip=] 0.s5TU

[kipz]
<065 UTS | <0.E5UTS [ <065 UTS [ JD88M= [ <D88M- | ngurs <0aUTS

164 [1629| z02| S05| 465 1 5| 29 3256 3014 3239 2542 1378 3426 3651
263 [1629| zo7 | s05| 459 1 a| =2n 3247 2999 3228 2419 1295 3494 3733
362 [1a25 | 166 | 405 | 3% ] 2 4 2744 2547 2729 1967 ggz 2917 3097
4Bl [1252 | 167 | 397 | 341 ] o| 1z 2516 2299 2494 1768 97 2671 2532
560 1182 | 142 | =29z | 237 1 3| =2a 2219 2034 2195 1541 211 2293 2394
659 [1230] 145| 260 169 1 a| =7 2230 2005 2193 1795 o573 2148 2230
752 (1169 143 z44| 9z 1 3| =23 2120 1917 2059 2055 707 2185 2303
957 (1101 | 137 | za4a| =1 ] 3| 18 2030 1633 1942 2113 625 2156 2295
956 | 937 | 132| 251 | =4 ] 2| 1o 1550 1520 1502 2063 459 2055 2247
1055 920 12a| =256| wo 0 1 5 1501 1450 1727 1929 32z 2020 2194
1154 256 111 | =239| 65 0 0 2 1657 1329 1597 1734 231 1975 2050
1253| =204 | 105| =230| &4 0 0 0 1566 1246 1495 16490 253 1751 1951
1352| 750 95| =21z| &2 0 0 1 1453 1154 1339 1610 151 1672 1544
1451 voa| s5| 195| az ] 1 1 1352 1065 1291 1429 122 1550 1725
1550 s97 | &1 | 1s8s| 3o ] 1 1 1199 10 1136 1303 3a 1541 1850
1649 71| 121 | =287| 36 2 1 5 1585 1132 1486 2364 119 1648 2075
17as| 710 121 =28a| ao 2 ] 7 1579 1128 1441 2376 126 1643 2070
1647 s6a| 77| 181 | 16 ] 1 5 1148 a52 1082 1280 a5 1506 1810
1946 695 | 85| 193| =0 ] 1 5 1340 1028 1270 1325 137 1517 1655
2045 v32| sa| zo8| =7 ] 1 3 1423 1095 1351 1503 232 1621 1791
2144 7ve | 101 | =215| 34 ] 1 2 1501 1170 1428 1574 258 1706 1977
zz43| sas | 111 | =227 | aa ] ] 1 1621 1264 1547 1625 367 1530 200z
2342| so6| 120 2a1| =5 ] ] 2 1737 1391 1662 1771 500 1961 2145
2aa1| gra| 134| =252| vs 0 0 5 1885 1536 1812 1792 418 2111 2295
2540[ 1041 [ 1a5| 27s| Fe 1 0 5 2005 1631 1926 1798 549 2236 2423
26.39[1121 [ 161 | =235| ao 1 [ 5 2162 1771 2080 1924 751 2385 2567
2732|1174 | 169 | =297 | 120 1 ] 4 2243 1591 2173 2020 7T 2465 2643
2537|1229 | 17| =297 | 168 1 ] 4 2338 2050 2285 211z 249 2553 2786
2936|1272 | 189 | =1z | =z=F 1 ] 4 2547 2318 2514 2247 1014 2759 2992
3035[141a | 183 =13 | =7 1 1 4 2593 2423 2576 214E 1202 2554 3075
1 .24|1ae9 | 177 | =35| 299 1 1 4 2716 2547 270z 2145 1220 2992 3229
3232|1292 162 | =67 | =93 1 1 4 2630 2397 2601 2125 1120 2551 3094
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Kablo Baglantisi Y | Analizleri
Check Reversal Lateral Foree based on Fraysinnet's Reply to Check Fatigue Due fo Live load HS2
PBC Technical Queries on Dampers Dated April 2002,

(with presence of lateral suppor)
{continued)
Anchor Plate Stiffener - 0.5% LateralLoad | Start of Full Section - 17% Lateral Load Start of Full Section - 0.5% Lateral Load Lateral Suppart Connection - 1% Lateral Load| Lateral Support Connection - 0.5% Lateral Load
Fat\g_ue Distarice Stress Distance from Shiess Range | Stress Range Stresz Range | Stress Range
Force per EaPaCm’! of fiom Star_t of Range / Stat .Df Ful Stress Riange Forcein | for Stiffener to for Balt Force in for Stiffener to for Balt Tensionin | Stress Range
"% P | Beinforcing | Demard /| Full Section | Moment | Stress g Sectionto | Moment / &llowable - - : - s hang
Stiffener Flat 9 Capacity | to Bottom ot | (kivinl | R Allowable Bottom of i Stresz Range Cat B Lateral Anhor Pipe | Connection at Lateral Ainhor Pipe | Connection at Cable at Vicinity of
Plate [kips) o e apaclly | to battam o [kipin] | Range [Categary B) clam o tkiprin] [Category B] Support [kipg]| Connection < | Channels < 18] Support [kips]| Connection < | Channels < 16 [kips] Hale < 2.25 ksi
ornection Bearing Bearing Flate 1.0 ! . .
fkips] Plats in) <1.0 fin 4.5ksi ksi 225 ksi ki
192113 0.836
191.383 0.833
190.363 0.383
186.938 0.965
178.876 0.381
171244 1.030
163.212 1.003
154.902 0.952
146.387 0.345
137.623 0.510
128.738 0.833
18673 | 237673 | 0073 30648 | 44725 | 3878 | Q242 30.648 22,363 1.655 0.207 20.283 2705 6.651 10144 1.353 3325 119.902 0.663
20.591 230876 | 0089 36678 | B1.246 | 4231 0.264 35678 25623 1.865 0233 20.888 2788 £.848 10.444 1.333 3424 111.343 (.666
13,651 224604 | 0087 32954 | 43220 [ 4711 0.234 32.954 21.610 2113 0.265 13.082 3053 £.255 3541 1.527 3128 103.450 0.637
16095 | 219336 [ 0.083 3066 | 34067 | 3664 | 0229 30.668 17.034 1.663 0.208 16.097 2578 5.277 2.043 1.288 2638 9e.814 0.652
168256 | 244576 | 0075 1131 | 34984 | 2705| 09163 s 17.432 1.130 0143 21.43%6 2866 7.047 10.748 1.433 3523 92271 0.445
17.794 | 233840 | 0076 30871 | 3/7ES | 2808 | 0478 30.871 17.895 1.224 0.153 21.097 2813 6.916 10.549 1.406 3.458 92.317 0.474
12.841 213573 | 0085 29132 | 38595 | 4006 | 0260 29132 19.297 1.910 0233 15.172 2023 4.974 7.586 1.01 2487 97.020 0.654
18619 | 225184 | 0083 32291 | 46491 | 4668 | 0292 32291 23.248 2221 0278 18.621 2497 £.104 4.311 1.430 3.052 104.181 0.702
18911 232034 | 0082 4872 | BRIW (47172 0281 34.872 27.668 1.956 0244 19.929 2189 £.533 9.964 1.534 3.266 112.793 0.674
122.301 0.352
132.260 0.969
142,397 0.334
152.534 0.958
162.541 0.333
172.385 1.053
10969 | 297913 | 0037 BA00E | 13174 | 2227 | 0139 £4.006 £.587 0.606 0.078 21.443 2 451 7.031 10724 1.226 3516 181.504 0.633
10716 | 305245 | 0035 E7.388 | 11470 | 2673 | OJE7 7.388 5.738 0.635 0.079 22.038 2526 7.244 11.049 1.263 3622 191.215 0.668
16560 | 317513 | 0.049 73968 9924 | 3163 07198 73.968 4.962 0.664 0.083 24.965 2853 B.184 12482 1.427 4032 200.237 0.630
14962 | 524826 | 0046 77.400 5.453 | 3680 | 0224 77.400 4.227 0.635 0.087 26.021 2860 8.202 12511 1.430 4101 203.048 0.721
14247 | 331504 | 0043 80.769 7148 3824 | 0239 80.769 3574 0.704 0.088 25621 2928 £8.333 12810 1.464 4193 212577 0.750
12026 | 335426 | 0036 84.314 5155 | 3641 0228 04.314 2577 0,637 00,080 23.483 2 654 7638 11,741 1.342 3.849 226.481 0,745




EXTERMAL ELASTOMER 0.4" STEEL BONDEZD

LATER (SEE NOTE 141—, § WAN SPAN —— REIMFCRIEMENT [LATES
e A ; ¢ FocE
! I S A A S, S A A = T T b R
’{f 1 2 {4

~—INTERMNAL ELASTCMER
LATER (SEE WOTE 13}

1T WASHER
FLATE (TYR) =

* T&TERED

WEHER (TR —
[ k‘_,;\_)._,x_,\f} s

RN
fw-ﬁ

S e
PEDESTAL— | 7].7, ] ~NHER FACE
2 & Y / CF TOWER LI
1t e
5 g3 5
B | 5-1pe
T
SECTION /T operaTng
sone v on\ — / CCHDITION
a | R 740 | HOTE 15 FEVERD FEF FBC REQLES
Py 2 | lamiren | verai: sno hoTes Revsen
9‘ | PN t2Sir2 | OFTAIS 0D RTCS MOVELE
;ium U Ay | 26 | ISSUED FOR CONBTRUCTION -
ol [ |__DeTE CESCRFTION CF RVECH poretog
'“’ﬁ‘-’lﬁi DESGNEC Bf: ACHMER DaTE GG THICMENT CORITTROL BN — —
s DRAMHBY  LEET L UAiE £S89 Falmetin Briclk
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olasyon

esaplari

Seismic Forces and Displacements

Precompression (kips) - 556 kips
Accialmin -304 92 kips
Accialmax 194 .79 kips
Shear Long. 73600 kips
Wert. B7¥7_00 kips
Long. Disp (in_} 35.62 in.

Wert. Disp. (in_} 1936 in.

Teta Long 0.0424 rad
Teta Wert 0. 0132 rad

FPc+ Axial = Ta0.35 kips
Pc-Accial = 250.64 kips

Shear Strain (gc) due to compression by vertical loads

gc_long = 210 infin longitudinal
gc_wvert = 1.75 infin wertical
gc = 210 infin

gseq_long = 1.5T7 infin Longitudinal
gseq_wvert = 055 infin YWertical
gseq_max = 157 indin




Sismik lzolasyon Yerlestirme




Ust Yapi

'A‘ ¥ B I\ [ f “
”
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Yaklasim Acikliklari
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Ruzgarlik




Deprem Ivme Kayitlar

—

Ivme Katsayisi
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Deprem Analizleri

Elastik Spektral Analizleri

R faktoriiniin belirlenmesi icin push-over (itme)
analizi

Ustteki analizlerin teyidi icin dogrusal olmayan zaman
tanim alani analizleri

Zaman Tanim alaninda kopri uzunlugu dikkate
alinirak kulelere degisik ivmeler tanimlanmistir. Ivme
kayitlari, yer degistirme kayitlarina cevrilip kaziklar
boyunca da degisken olarak verilmistir.
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Kopru Modellemesi
Calisma: LARSA4D Modellemeleri
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Komurhan Etud Calisma




Cooper River |hale Modelleri
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Kablo Yaya Koprusu Etud
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Kablo Yukleri

Yapim Kablo Yiikleri C1 kuleye en yakin C5 ankraj ayagina en yakin
by c1 c2 c3 c4 c5
Alternatif
I* F** I* F** I* F** I* F** I* F**
(kN) (kN) (kN) (kN) (kN) (kN) (kN) (kN) (kN) (kN)
J 0 0 0 0 0 0 0 0 0 0
2 0 65 0 75 0 70 0 53 0 29
3 120 68 110 65 100 59 100 70 130 127
4 100 52 80 80 100 53 100 89 130 100

[* = ilk gerginlik
F** = kalan gerginlik
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Orta Aciklik lvme

Yapim Orta Aciklik Hareketli Yiik Diisey Orta Aciklik Tvme (g)
Asamasi Yer Degistirme (mm)
Alternalit | gpatikc | Kalabalik | Kalabalik | Statik | Kalabalik | Kalabalik
Durum1 | Durum 2 Durum 1 Durum 2
1 90 14.7 24.2 - 0.080 0.139
2 88 2.9 3.1 - 0.029 0.033
3 85 4.5 4.6 - 0.047 0.055
4 86 0.2 3.1 - 0.009 0.033
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