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Most of the visuals in this training presentation are gathered
from various literature although reference information is not
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Taban Yalitimi Uygulamalar:: Igerik

*Yalitim Diizlemi Se¢cim Kriterleri

*Yalittm Birimi Ankraj Tasarimi

«Ikinci Mertebe Etkilerini Karsilayabilecek Dayanim

*Yalitim Birimlerinin Altinda ve Ustiinde Sargili Beton Alani

* Ayn1 Yalitim Diizleminde Birbirinden Bagimsiz Yapilar Bulunmamasi

Yalitim Birimleri Tasarim Ozellikleri Karsilastirmasi

*Rezerv Kapasite
*Yalitim Diizlemu Konfigiirasyonlari
*Yalitim Birimler1 Fail-Safe Mekanizmalar

*Yalitim Birimlerinde Cekme Kuvvet: ve Kalkma

*Yalitim Birimleri Taban Plakasi Tasarimlari

*Yalitim Birimler1 Testleri

*Prototip Testler1
e Uretim Testleri

*Alt/Ust Limit Degerleri

*Elastomer Yalitim Birimler1
*Cevrimsel Etkiler
*Sicaklik Etkileri
* Yaslanma
*Yiikleme Hizina Bagli Degisiklik
*Eksenel Yiik Seviyesine Bagli Degisim

Suirtlinmeli Sarkac¢ Yalitim Birimler1
*Sicaklik Etkiler1
e Stirtiinmenin Yiikleme Hizina Bagli Degisimi
e Stirtiinmenin Eksenel Yike Bagli Degisimi
* Yaslanma
*Kirlenme
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Yalitim Duzlemi Secim Kriterleri

* Yalitim Birimleri Ankraj Tasarimi

Ankrajlarin tasarimini genellikle beton gocme modlari kontrol etmektedir.
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(i) Steel failure (1) Pullout (iif) Concrete breakout
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4 / | |V & £ (i) Steel failure preceeded (if) Concrete pryout
Z { J | by concrete spall for anchors far
X | from a free edge
\‘1
Group
(iv) Concrete splitting (v) Side-face blowout (vi) Bond failure
(a) tensile loading (iii) Concrete breakout

Ankrajlarin bu tesirleri tasiyabilmesi icin betonarme kesitlerde yeterli kenar mesafeleri ve/veya derinlik kriterlerinin
saglanmasi gerekir.
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Yalitim Duzlemi Sec¢im Kriterleri

* Yalitim Birimleri Ankraj Tasarimi

Ihtiyac duyulan kenar mesafeleri ilave énlemler alinmadigi durumlarda 60 cm mertebelerinde olabilmektedir.
Ankrajlar etrafinda ilave donatilar kullanilarak bu mesafeler azaltilabilir.
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Fig. R17.5.2 9b—Fdre reinforcement and anchor reinforce-

Section A-A ment for shear:
Fig. R17.5.2.9a—Hairpin anchor reinforcement for shear:
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Yalitim Duzlemi Sec¢im Kriterleri

* Yalitim Birimleri Ankraj Tasarimi

Yalitim birimlerinin montajinda belirli yikseklikte grout kullanilmaktadir. Grout tabakasinin yuksekligi gbzetilerek
ankrajlarda olusabilecek egilme tesirleri gz 6nine alinmalidir.

Column Bases in Shear and Normal Force, Gresnigt ve digerleri
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Yalitim Duzlemi Secim Kriterleri

* Yalitim Birimleri Ankraj Tasarimi

Ankraj (ve izolator taban plakasi) Tasarim Kuvvetleri
* Analizden elde edilen kuvvetler
e Yalitim birimi kapasitesi
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Yalitim Duzlemi Sec¢im Kriterleri

* |kinci Mertebe Etkilerini Karsilayabilecek Diizeyde Dayanim

Yalitim birimlerinde olusan ikinci mertebe etkileri nedeni ile yalitim diizleminin bu ilave tesirleri karsilayabilecek diizeyde dayanima
sahip olmasi gerekmektedir.

Chapter 11, Seismically Isolated Structures Ornek.

e - M=o, Yalitim birimi tizerinde 4000 kN eksenel yiik,

B2 Z. W | =P 400 kN kesme, yatay deplasman 30 cm ve

1P ERT W 1 M, = VH, yalitim birimi yiiksekligi 50 cm i¢in ve yalitim
- R Y EL A } R LR M=, diizlemi yiiksekligi 80 cm i¢in;
] “ R M,  =4000x0.30/2+400x (0.5 +0.8)/2
|, | e = 860 kNm
' L _i A . z f :

Elastomeric Isolator Shding Isolator

Figure 11.4-1 Moments due to horizontal shear and P-delta effects
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Yalitim Duzlemi Sec¢im Kriterleri

 Yalitim Birimlerinin Altinda ve Ustiinde Sargili Beton Alani

Yalitim birimlerine etkiyen tesirlerin karsilanabilmesi amaci ile izolatorlerin altinda ve Gsttiinde bulunan betonarme kesirlerin belirli geometrik

kosullari saglamasi gerekir.
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Fig. RIQ 1 4—Application of frusta io find Ay in stepped or
sloped supporis.
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Yalitim Duzlemi Secim Kriterleri

* Ayni yalitim Diizlemi lizerinde birbirinden bagimsiz yapilar bulunmamasi

TEMEL

OK!
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Yalitim Duzlemi Secim Kriterleri

* Ayni yalitim Diizlemi lizerinde birbirinden bagimsiz yapilar bulunmamasi

‘ ZEMIN

Yonetmelik Mevcut Degil

09.06.2018 Sismik Taban Yalitimi ve Uygulamalari (Mustafa Deniz Guler) Sayfa: 10



Yalitim Duzlemi Sec¢im Kriterleri

* Ayni yalitim Diizlemi uizerinde birbirinden bagimsiz yapilar bulunmamasi

Yonetmeliklerde verilen formulasyonlar kullanilarak yapi tasariminin tamamlanabilmesi icin yalitim duzlemi Gzerinde birbirinden bagimsiz
yapilar bulunmamalidir.

-1.111E-04 -1.017E-04 -8.855E-05 -2.354E-04 -5.949E-05 -2.65E-05
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Yalitim Duzlemi Secim Kriterleri

* Ayni yalitim Diizlemi lizerinde birbirinden bagimsiz yapilar bulunmamasi

Yonetmeliklerde verilen formiulasyonlar kullanilarak yapi tasariminin tamamlanabilmesi icin yalitim duzlemi Gzerinde birbirinden bagimsiz
yapilar bulunmamalidir.

51 51 51 77 99 80

2 2 Sl = — e m——
6100 5800 5401 56 56 56
Efektif izolasyon periyodu 3.7 sn Efektif izolasyon periyodu 3.7 sn
Birbirinden bagimsiz 0.5, 1 ve 1.5 sn periyotlu Izolasyon duzleminde rijit diyafram ile bagh 0.5, 1 ve
cubuklar 1.5 sn periyotlu cubuklar
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Surtiinmeye Dayali Izolator Davranis ve Modellemesi: Diiz Mesnet

A
) Surtinme
Eksenel Yiik : P(t) Kuvveti, F(t)
- 3 P sabit P degisken
.. .- ‘: ... .
R, Yerdegistirme
A
e . 8 K o P “ oo oo ) S rt
Ot Pt i g ) Siirtiinme Kuvveti ¢ F(t) HTHHITE
RERS A ‘, bag s S ak "y A3 Katsayisi
.-c “0. o P o‘ o, . & F(t):fP(t) f F(t)/P(t)
° - . . = L . =
RN RCERCRE |
A T AR R Siirtiinme Katsayisi, f
Shiding Isolator P sabit P degisken
-
Yerdegistirme
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Siurtiinmeye Dayali Izolatér Davranis ve Modellemesi: Tek Pendulum

A

Eksenel Yiik : P(t) Sturtiinme
Kuvveti, F(t)
Yaricap: R
P sabit P degisken
h Yerdegistirme
A
Sturtunme
S oo t.. K t. F(t) KatSaYISl /
iirtiinme Kuvveti :
F(t) = £ P(t) f=F(t)/P(t)
—  / Reff
f Reff=R - h
P sabit P degisken

Yerdegistzrme
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Siurtiinmeye Dayali Izolatér Davranis ve Modellemesi: U¢lii Pendulum

vV 4
! stiff
Hi M3 A,
radius, / / 18
radius, \ 1
AN \ I l M3 1 Ly+L;
stop; 7 H2 1 L+,
stop, heightin | heightout i 2—1._1
1

s stop, ’ / ystiff

>
|_\ T u, Uy U, U u
radius2 /

Ll 1 L; =radius; —05heightin

radius 5

Efektif Yarigaplar, [, = radius, —o heightout o=

Reff radius, +radius;

L, =radius; —(1—a ) heightout
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Siurtiinmeye Dayali Izolatér Davranis ve Modellemesi: U¢lii Pendulum

0.27W |

H 35.7"
1 H3 (907 mm)

0.177W |
radius, ess mm
radius, \ 4 e
"y A n e 33.0"
\ L=25""__1 Keff (843 mm)

(/6,55 mm)

stop, | ' Mty y/ )
3
|
stop heightin | heightout DISPLACEMENT
—> 1
I/ o
stop, g
NOMINAL DYNAMIC FRICTION PROPERTIES
|_\-_—_ / | f1=0.03, f2=0.070 and f3=0.070
/ / T PENDULUM STIFFNESS Kp=W/L
/ W = SEISMIC WEIGHT
. L = EQUIVALENT PENDULUM LENGTH
radius,

55” |

l’ll (1397 mm)
M2 SHAL T\ '8 __— CONCAVE PLATE

(457 mm)

] J/ST} ﬂ—rﬁj

R,=161n, R,=R;= 15§ in, h, =71m, h,=111n - /T\E o\

Rl,eff: Rl - hin /2=12.51n (394 Jmm) (. “‘**T—’:——L %_L'/ CONCAVE PLATE
T _ : v 12" ARTICULATED SLIDER

Ryer=Ry-h; /2=150.51m STANESS SR s~ "' SECTION

L;=2R 4=151n, L,=2R, = 30lin, R 308 mm) |
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Siurtiinmeye Dayali Izolatér Davranis ve Modellemesi: U¢lii Pendulum

:H: Link/Support Directional Properties >
ldentification
Direction Uz u3 MonLinear es

Linear Properties

Effective Stiffness - U2 2711 Effective Stiffness - U3 2711

[}

Effective Damping - U2

[}

Effective Damping - U3

(1397 mm)
Shear Deformation Location
SEAL | 18" |
\ | | CONCAVE PLATE
Distance from End-J - U2 7.874 Distance from End-J - U3 7.874 L (457 _mm) ﬁ—r‘/_
| SS——— I

Height and Symmetry of Sliding Surfaces 155" /—(\i._ 2 117 /—SEAL

Height for Outer Surface 11. Quter Bottom Surface is Symmetric to Outer Top Surface (394 |mm) \_____// f i

| | / CONCAVE PLATE
Height for Inner Surface T [ / \
12" \
Monlinear Properties for Directions U2 and U3 STAINLESS STEEL R=16" SECTION ARTICULATED SLIDER
Outer Top Outer Bottom Inner Top Inner Bottom (;DN CAV5EG’SURFACES
= 1

stiffness 57.1015 57.1015 57.1015 S1A013 (3962 mm) |

Friction Coefficient, Slow 0.068 0.068 .03 0.031

Friction Coefficient, Fast 0.068 0.068 0.031 0.031

Rate Parameter 0.0254 0.0254 .0254 0.0254

Radius of Sliding Surface 155 9543 155.9843 16. 16.

Stop Distance 16.5748 16.5748 1 208 1.2588

Cancel
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Fast Nonlinear Analyses (FNA)

Mx(t) + Cx(t) + Kx(t) = F(t)

M (t) + Cx(t) + Kx(t) + F, (t) = F(t)
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Yalitim Birimleri Tasarim Ozellikleri Karsilastirmasi

09.06.2018

Siirtlinmeli Sarkag Tipi Yalitim Birimlerinde Yatay Kuvvetler Eksenel Yuke Baglh!
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Yalitim Birimleri Tasarim Ozellikleri Karsilastirmasi

600
400
200
-800 -600 =400 -200 0 200 400 600 800
-200
-400

-600

double triple LRB
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Yalitim Birimleri Tasarim Ozellikleri Karsilastirmasi

e Siirtiinmeli Sarkag Tipi Yalitim Birimleri Cevrimsel Ozellikleri

Slider Plate

o Shider FPlate

Slider Plate o

—— Ny

|

" Slider Plate

Horizontal Force

Rigid Slider
Pivot point

L
Total Displacement,u
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Rezerv Kapasite

+ _ -—>
(a) Representative Force- Error Margin
deformation graph of an isolator .
Failure
o~ .
Reserve Dlsplaceme'ﬁt
Capacity
- 1 N - . - h
| Region A Region B Region C
(b) Representative bilinear behavior _ -
of an isolator dlil o
Maximum Response | : - .
. \ 05-04-08 024 X3t
(may include Total Response) ' | "0 T X o 100
\ ‘ \ e
1Y - i - v 7
\ I en ™ o ’
s ' ’
% i 04 E - s
\\ T~ S ',"' Ref: Huang, Y. M., Whittaker, A_ S.. and Luco, N_, 2008.
W 2 - i Maximum spectral demands in the near fault region,
e - Earthquake Spectra 24 319-341.
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Rez

Base Shear Force (kip)

09.06.2018

erv Kapasite

Roof Displacement (inch)

0.0 8.6 17.3 25.9 34.6 43.2
3200 = . ' '
| gt —
50 Ri=1.0 S~
- Height = 864.0 in (Non-isolated) (MCEg) m—
Height = 880.8 in (Isolated) T 1 R/—\_ﬁ,x-—l Ri=1.0 (DE)
2400 A —_———_
x=1 _ 1
2000 Non-isolated —_— "_."_‘J‘Ih‘:_z—'-ﬁ.é}i['ER)
- x=1
, — RK:i=1.5 (DE)
1600 - ' —=
R=2.0 (DE) Ri=2.0 (DE] _\:T _— —
1200 7 Moat Wall at Dy,
800 A
: Isolator failure
400 -
: Story x drift ratio reaches 5%
o r——— - —— ; .
0 0.01 0.02 0.03 0.04 0.05

Roof Displacement/Height

Figure 2-4 Pushover Curves of SCBF in Case of Isolator TFP-1 with Dcapaciy=Dn=20.41n

Sismik Taban Yalitimi ve Uygulamalari (Mustafa Deniz Guler)

Roof Displacement (inch)

0.0 8.8 17.6 26.4 35.2 44.0
3200 L L 1 L
Ri=2.0 (for MCER per ASCE 7-16)  TFP-1
2800 1 No Wall and Wall at 1.25D
| Height = 880.8 inch i s s b M
= 2400 | TFP-1 f’,
- ] - — - — . _
bt \ -
S aw 2 S
1600 - P A
5 ] TFP2 __— | TFP-2
w1200 Wall at 1.25Dy No Wall
b ]
= 4
2 800 1
] O : Isolator failure
400 1
] O : Story drift ratio reaches 5%
o ¥r—— — — ;
0 0.01 0.02 0.03 0.04 0.05

Roof Displacement/Height
Figure 2-5 Pushover Curves of SCBF in Case of Isolators TFP-1 with Dcapacity=20.41n (=Dn) and
TFP-2 with Dcapaciy=26.1in (=1.25Dw) and Moat Walls Placed at Distances Dm and 1.25Dw
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Rezerv Kapasite

In discussing the results of Tables 4-1 and 4-2. the target reliabilities that are stipulated 1n Section

[.3.1.1 of ASCE 7-16 (ASCE. 2016) can be used. This requires conditional probabilities of

for essential buildines of risk cateco

Table 4-1 Results of Collapse Fragility Analysis for Buildings with SCBF and OCBF

collapse caused by the MCERr not to exceed 10% for ty

1cal buildings of risk catecorv I or I1. 2.5%

IV and 3% for other structures. The following are observed:

0.356

Coeffs. 1n Eq. (2) [ Saca(Tn) (g) | Saca.s(T1) (g) :
System ] | v epsiton | (w epsilon G@ﬁ;} z";;&“ﬁf R=1.0, TFP-1 1302 | 0120 0.253 0328 21.00
! ) adjustment) adjustment) "~ (0.193)
R=10, TFP-1 -1219 | 0.146 0.281 0365 (g;gg} 14.08 Ri:?}y?fﬂ;ﬂ;:f;;ﬂi; I -1.154 0186 0204 0412 {gjg;} 0.60
0.350 - =
R=1.0, TFP-2 -1.083 | 0120 0.320 0.408 747 35
il (0.181) Re=1.0, TFP-2 -1.140 0.114 0.300 0377 gé? 11.13
*R=1.0, TFP-3 0990 | 0.115 0.355 0.438 (g:z;} 452 {D.’Ml}
*R=1.0. TFP-3. Moat Wall 0353 Designed Re=1.0, TFP-3 -1.020 0.105 0341 04190 P 5.87
at 1.5Dy (1000xstiffness) -1.019 0.138 0.347 0.440 0.187) 498 per (0.161)
*R=1.0. TFP-3 . e , 0.391 . Re=1.0, TFP-2 - 0.346
(Upper bound fiction) 0551 | 0.156 0.557 0.720 0.259) 1.23 ASCE 7-16 OCBE -1.153 0.105 0290 0368 (0.173) 12.31
. 0.352 .
= = - = - 3
R=15, TFP-1 1241 | 0121 0.271 0.344 0.185) 17.05 er;éﬁ? 3 1,060 0.088 0332 0303 {gli} 706
R=1.5. TFP-2 -1.138 | 0.109 0.307 0375 (g:?é} 1095 D.’*‘-’?
Designed - 0330 - R=2.0, TFP-1 -1.215 0.139 0279 0362 =7 13.04
per R=1.5. TFP-3 -1.056 | 0007 0.331 0.400 0158 7.50 (0.194)
ASCE 7-10 -
R=2.0. TFP-1 -1.262 0.123 0.275 0338 (g:;'z} 18.06 R=210, TFP-1. Moat Wall -1.225 0.172 0281 0376 0.378 13.07
R=2.0, TFP-1. Moat Wall o S B 0.353 R
2t Dut (S0nstifiness) 21272 | 0138 0.272 0.342 ©.187) 17.57
R=2.0. TFP-1. Moat Wall \ ,, 0374
2t Dre (100Csiiffoess) 1286 | 0.166 0.262 0.351 004 17.13
&=20, DC1 1380 | 0.148 0.237 0.300 0378 27.37
no festraining ring (0.230)
R=2.0, DC-2 . 0.368 _
no testizining ting 11228 | 0.134 0.274 0.356 0.13) 15.83
) . 0.343
R=2.0, TFP-2 -1.166 | 0.107 0.203 0.364 0.166) 12.74
R=2.0. TFP-2. Moat Wall 0.357
at 1.25Dm (1000Xstiffness) 1196 1 0.136 0293 0.368 (0.194) 1299
) 0.340
R=2.0, TFP-3 1083 | 0.003 0.323 0.387 0.159) 9.00
09.06.2018 Sismik Taban Yalitimi ve Uygulamalari (Mustafa Deniz Guler)

Sayfa: 24



Yalitim Duzlemi Konfigurasyonlari

ADVANTAGES

, ADVANTAGES
® No special detailing required for separation of

® Minimal aodded structural costs.
internal services such as elevator and stoirways.

@® Separation at level of base isolation is

® No special cladding separation details. . '
simple to incorporate.

@ Base of columns connected by diaphragm at isolation level.

® Simple to incorporate back—up system for vertical loads. ® Bose of columns may be connected by diaphragm.
DISADVANTAGES @® Eosy to incorporgte back—up system for vertical loads.
@® Added structural costs unless sub—basement required for DISADVANTAGES

other purposes. @® Moy require contilever pit.

@ Requires o seporate (independent) retaining wall.
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Yalitim Duzlemi Konfigurasyonlari

09.06.2018

{n
10
i

ADVANTAGES

® No Sub-bosement Requirement.

® Minimal added structural costs.

@® Bose of columns connected by diophragm ot isolation level.

@® Bockup system for vertical loads provided by columns.

DISADVANTAGES
® Moy require contilevered elevalor shoft below first floor

level.

@® Speciol treatment required for internal stairways below

first floor level,

-1l

ADVANTAGES
® Minimal odded structural costs.

@® Economic if first level is for parking.
@® Bockup system for vertical loads provided by columns.

DISADVANTAGES

® Special detail required for elevators and stairs,

@® Speciol cludding details required if first level is nol open.

@® Special details required for vertical services.
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Yalitim Duzlemi Konfigurasyonlari
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Yalitim Duzlemi Konfigurasyonlari

-
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Yalitim Duzlemi Konfigurasyonlari
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Yalitim Sistemleri Fail Safe Mekanizmalari

* Elastomer yalitim birimlerinde dogrudan bulunmamaktadir.

Carpma Etkisini
Azaltici Elastomeler

LRB

09.06.2018 Sismik Taban Yalitimi ve Uygulamalari (Mustafa Deniz Guler) Sayfa: 30



Yalitim Sistemleri Fail Safe Mekanizmalari

e Sirtiinmeli sarkacg tip yalitim birimlerinde dogrudan bulunabilir.

]

\® 36 mm

TlrnakW O

*:M 32 mm

ﬁ7\

I/

_;

= N\
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Yalitim Sistemleri Fail Safe Mekanizmalari
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Yalitim Sistemleri Fail Safe Mekanizmalari
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Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma

* Devrilme etkilerinin yuiksek oldugu uzun yapilarda ve dikey deprem etkilerinin yliksek oldugu lokasyonlarda
uplift/tension olusabilir.

 Elastomer Tabanli izolatorlerde azda olsa bir cekme dayanimi mevcuttur. Yaklasik olarak 1MPa. Deneyler ile kontrol
edilmelidir.

* Siirtlinmeye Dayali izolatorlerde cekme dayanimi yoktur ve iist béliimiin uplifte gecip alt béliimii atlama sansi
mevcuttur.

Assume Motion to the Right
-

1.) Slide plate comes into
contact with restrainer
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Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma

= —

2.) Uplift occurs with the
concave plate lifting

over the displacement
’_I_I\ restrainer
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Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma

—

1

4.) Upon landing, the
restrainer impacts the
_I\ slider causing damage to
the liner material and/or
bearing components
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Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma

09.06.2018 Sismik Taban Yalitimi ve Uygulamalari (Mustafa Deniz Guiler) Sayfa: 37



Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma

(b) Deformation to the right (¢c) Deformation to the left
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Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma
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Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma

09.06.2018 Sismik Taban Yalitimi ve Uygulamalari (Mustafa Deniz Guiler) Sayfa: 40



Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma

* Elastomer Yalitim Birimleri i¢in Eksenel Yiuk Altinda Davranis

1 | E A
Axial Force —Ku=EAT

tension
Y AGA SIS

Axial Deformation

.
-'-. 1+

compression

P'cr
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Yalitim Birimlerinde Cekme Kuvvetleri ve Kalkma

* Elastomer Yalitim Birimleri i¢in Eksenel Yiuk Altinda Davranis

611 (3GA) N —
backbone with
300 Kvt = KC
aso || ~ zero stifiness
apo e post cavitation —

Tenskon oad (ki)
2

200
150
100 — - . o .
- pmas®"t —kv (tension) effective
o laz=""
p U=l : 4 f g 10 12 14

Displacement (mm)
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Yalitim Birimleri Taban Plakasi Tasarimi

 Elastomer Yalitim Birimlerinde Taban Plakasi Tasarimi
e b/2

e oL - / @ B, MOUNTING PLATE

0" || |
I 1 1
l /—jl;
/75 B, MOUNTING PL/
*D — A -—
/_.ﬂ be — C -
— H -—
-~ '&' —
[ B -
AB
F'-I-T—_be:'D E
%, 52(c- §)-m-p(c- §) =0
_ _ 2 M.
P—B:A«f, /2=0 A=5B-3F AE(E'L)—A<'{B C) +(M—F‘E—E _0
PE . PA _ 2P 6 2 2
M="+ 5 =0) =28 <k
1= £AB _p
2
FIGURE 9-20 Free Body Diagram of End Plate without Bolt Tension FIGURE 9-21 Free Body Diagram of End Plate with Bolt Tension
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leri Taban Plakasi Tasarimi

irim

Yalitim B

Elastomer Yalitim Birimlerinde Taban Plakasi Tasarimi (Sonlu Elemanlar ile)
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Yalitim Birimleri Taban Plakasi Tasarimi

e Surtunmeli Sarkag Tipi Yalitim Birimlerinde Taban Plakasi Tasarimi

bal L~
Safinless Steel —12.0"
Concave Surlace w
160" —=
P S 1 58" Dla. Hole for
o T 1 1/2* Dia. {A325)
< o . Machine Bolt
N
I_ ;’f” N\ 2" Min. Thick Flange
100 | /—ﬂ“-‘-"‘ A\
: l T H ~ T W Temporary Restraint Plale
/ \ |
o
@ W N il
W ¢/
A\ ’
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Yahtim Birimleri Taban Plakasi Tasarimi

* Sirtiinmeli Sarkag Tipi Yalitim Birimlerinde Taban Plakasi Tasarimi

il’
T"_D'th'ﬁ Loading Am ’4 O —‘

}?— *_%r-"'éh // ////‘4////_4{
JAURRRRRRES [PIPRa— MV SEESG4y
M

-

Loaded Part of Plate
r/7ﬁ7(477///k//m
(h_‘-'l)l —— ‘--— Fbu
AM ~—bl———
{2 -
. o, F
Y ; Vot UN—DISPLACED POSITION

M,=1, ’:+r..{h‘ 1)3 ¥
whero £=1 t‘_“liH Lo -1)e

Sadece Diisey Yiikler Altinda
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Yahtim Birimleri Taban Plakasi Tasarimi

e Surtiinmeli Sarkag Tipi Yalitim Birimlerinde Taban Plakasi Tasarimi

1.0
0.8 -
0.6 -
- Correction
S o Factor
0.4 -
Simplified
Theory
0.2 Exact
Theory
0.0 T T T ——
DISPLACED POSITION - - - - 08 10
_b_
b

Yatay Deplasman Durumunda
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Dusey Deprem Etkisi

— 4r (C) —— X—dir., 3D Excitation
- G —— X—dir., XY Excitation
o x , — = = Y—dir., 3D Excitation
b4 0 gl o . g
. = I, ' ==<=Y-dir., XY Excitation
8 O by !
- 3 —— 3D Excitation g
- e oo - 2
1r —— XY Excitation 8
(b) E
©
5 10
()]
b
)
U= R
10 10
Time, t (s) Period, T (s)

Fig. 5. (a and b) Acceleration histories; (¢) response spectra of the accelerations in X and Y directions recorded at the roof due to 88 RRS: XY versus
3D excitation

09.06.2018 Sismik Taban Yalitimi ve Uygulamalari (Mustafa Deniz Guiler) Sayfa: 48



Yalitim Birimleri Deneyleri

09.06.2018

14.15. YALITIM BIRIMI DENEYLERI
14.15.1. Deneyv Kosullanr

14.15.1.1 — Yahtim sisteminde kullamilan yalitim birmlerinin kuvvet — vyerdegistirme
ozellikleri. etkin séniim oranlar. etkin yatay ve diisey rjitliklenn ve diger parametrelernnin
belirlenmesi veya hesaplarda alinan parametrelerin kontrolii icin Prototip Deneylen. iiretimdelka
degisimin 6nceden belirlenen sinirlar icinde kaldiginin teyidi icin ise Uretim Kontrol Deneyleri
yapilacaktir.

14.15.1.2 — Deneyler tasarim mithendisinin gézetim ve denetimi altinda yapilacak ve deney
sonuclar rapor ve tutanaklarla belgelenecektir.

14.15.1.3 — Aym 6zellik ve boyutlara sahip yalitim birimlerine 14.15.2°de belirtilen Prototip
Deneyleri’nin uygulanmis olmasi durumunda bu deneylerin yeniden vapilmasi zorunlu
de&ldir. Yalitim birimlerinin bu deneylen tiretici firma tarafindan belgelenecektir.

14.15.1.4 — Tasarim miihendis1 prototip ve iretim deneylerinde kullanilacak olan diisey yiik ve
yerdegistirme degerlerimi Tablo 14.4 ve Tablo 14.5¢ uyeun olarak hazirlayacaktar.

Sismik Taban Yalitimi ve Uygulamalari (Mustafa Deniz Guler)
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Yalitim Birimleri Deneyleri

Tablo 14.4 — Yahtom Birimi Prototip Denevler: - - e ; = "
P Tablo 14.5 - Yahtum Birimi Uretimm Kontrol Denevleri

o memn - e . Deney Suresi - —
Daer| Dl Sahvers |y Verdeiinme i o GoreiPrvds | Deney sares )
) = ’ () ' Deney Dusey Yik veva Yatay Yerdegistirme / Cevrim | Deney lun (m/s)/ Kabul
No Yerdegistirme Yatay Kuvvet Sayrs1 |Cevrim Periyodu (s)| Kojulu
1 Denk (14.4) ile hesaplanan 0 i Statik . ) )
ditzey vitkim en bivik degen (180 samive)
, | Denk(14.5) ile hesaplanzy | Y3 bnm aina . . . y | Demlc(14.4) ile besaplan: ) ) Suaak .
2 | ditgey viikin ortalams degeri | e yatay rizgir 2 n dugey yukun en buyiik degen (180s)
i knvvet: veya 25 mm
020 3 : Denk (14.5) ile hesaplanan T
Denk.(14.5) ile hesaplanan 0.50D, 3 I 2 (14.5) ile hesap D 3 , Veya hi
3 . X c.d —p——— - ) . -
digey yikin ortalama degen 100Dy, 3 I, dugey yukun ortzlama degen 20.05m's
1.00D,, 3 I,
0.25D, ; T,
4 | Denk(14:6)ile hesaplanan 0.50D, 3 T, 4
diigey vitkin ortalama degen 100Dy, 3 T, i
1.00D,, 3 I,
0.25D, 3 T,
. Denk.(14.8) ile hesaplanan 0.500, 3 I, : . s . . . . .
® | digey yikim ortalama degeri 1.00D, 3 T, c.d 14.10.3. Yahtim Birimi Denevlerinde Kullamlacak Yuk Birlesimleri
1.00D,, 3 I,
Yalitim birimi deneylerinde kullamilacak yiiklerin hesabinda Denk.Hata! Basvuru kaynag
6 di“:fﬁl; }iﬁﬂi?;i 100Dy, 3 T, c.de bulunamadi.)-Denk.Hata! Basvuru kaynag bulunamadi.)’de verilen viik birlesimleni dikkate
almacaktir,
Denle(14.5) e hezaplanan
7 | disey vilkim ortalams dederi 100Dy, 10 I f 1.4G+1.60Q (14.4)
. G+0.50 (14.5)
Denk.(14.7) ile hesaplanan 100D, Tek Yanli
8 |diizey vitkin en bivik degen A ftme - E
1.2G+ 050+ E, (14.6)
9 Denk.(14.8) ile hesaplanan Tek Yool i -
ditzey yikin en kiigik degen 1000, Timne I ZG + Qi Ed (14*'}'}
. Ust ve alt plakalar arasindaki Tek Yamnla DQGiEd (14.3}
1o= en bityuk digey 2gilma 1.00D,,, Ttme - E

*Herhangi bir vilkleme hirlssiminds cekme perimesine mamz kala veya alt ve fist plaka amandaki basmg temasm kavheden yabnm
birimleri igin pecerkidir Deney [, yerdefistimmesine ulagnitan sonr Deak 14.7 ile elde edilen oralama eksenel viik yvilklenerek, yahnm
birimi metikcer kommuma ger getmlacalr.
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Yalitim Birimleri Deneyleri

09.06.2018

14.15.2. Yahtim Birimi Prototip Denevleri

Prototip deneyleri. her bir yalittim birimi tip1 icin en az 2 adet yalittim birimine dinamik olarak
uygulanacaktir. Deneylerde kullamilacak olan yerdefistirme ve periyot degerleri yalitim
birinimin nominal parametrelert kullamilarak belirlenecektir. Prototip deneylerinin icerig
Tablo 14.4°de verilmistir.

14.15.3. Yahtun Birimi Uretim Kontrol Denevleri

14.15.3.1 — Uretim kontrol deneyleri. iiretilen yalitim birimlerinin rastgele secilen %30™una
uygulanacaktir. Secilen yalitim birimlerinden herhangi birisinin Tablo 14.5°de verilen kabul
kosullarini saglamamasi durumunda. tiretim kontrol deneylen idiretilen yalitim birimlerinin
tiimiine uygulanacaktir.

14.15.3.2 — Deneylerde kullanilacak olan yerdegistirme ve periyot degerleri yalitim birtmimin
nominal parametreleri kullamilarak belirlenecektir. Uretim kontrol deneylerinin icerigi Tablo
14.5°de verilmistir. Uretim kontrol deneylerinde deney cihazimin yeterli huza sahip olmamas:
durumunda Tablo 14.4"de verilen Prototip Deney No 3 iiretim kontrol deney cihazimin hizinda
tekrarlanarak hiz diizeltme katsayilan belirlenecektir. Bu durumda iiretim kontrol deneylerinin
diisilk lizda yapilmasi ve sonuclarin hesaplanan katsayilar ile diizeltilerek kullanilmasi

miimkiindiir.
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Yalitim Birimleri Deneyleri
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14.15.4. Yahtim Birimi Kabul Kosullar:

Yalitim birimler: kabul kosullar1 asagidaki maddelerde belirtilmistir. Tiim deneyler sirasinda
yalitim birimler1 kararli kalacak ve kuvvet-yer degistirme egrisi daima pozitif egime sahip
olacaktir.

(a) Elastomer yalittm birimlerinin diisey rijitligi deney elemani {izerinde belirlenecektir.
Belirlenen diisey rijitlik ile hesapta g6z 6niine alinan diisey rijitlik arasindaki farkin deneyden
elde edilen degere oran1 %15°den fazla olmayacaktir. Elastomer yalitim biriminde veya egri
yiizeyli siirtlinmeli yalittim birimlerinin  kayma yiizeylerinde kalic1 sekildegistirme
olmayacaktir.

(b) Deney sonucunda elde edilen degerler, 14.6.1°de verilen kosullar1 saglayacaktir.

(¢) Tim yiikleme ve degistirme adimlarinda, her bir ¢evrim i¢in hesaplanan ikincil rijitlik

deger1; tasarimda kullanilmis A ve A degerleri 1le nominal ikincil rijitligin

deney.list

carpilmasi 1le elde edilmis alt ve iist sinirlarin arasinda kalacaktir.

deney,alt

(d) Deneye tabi tutulan ayni tipten iki yalitim birimi i¢in herbir ¢evrimde hesaplanmis etkin
rijithik degerlerinin farki i1le ortalama etkin rijitlik degeri arasindaki degisim %15’ 1n altinda
kalacaktir.
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Yalitim Birimleri Deneyleri

(e) Ortalama ikincil ryjithik ve ortalama tiiketilen enerji: tasarimda kullanilmis A

A spek.iist
toleransla. arasinda kalacaktir.

spek.alt ve

degerler1 1le nominal degerlerin ¢arpilmasi ile elde edilmis alt ve tist sinirlarin, +/- %35

(f) Deneye tab1 tutulan her 1ki yalitim birimi 1¢in 1kinci ¢evrimde hesaplanan etkin rijitlik ve

etkin soniim orani: diger tiim ¢evrimlerde %30°dan daha fazla degisim gdstermeyecektir.

(g)Yalitim biriminde kalic1 olarak basing, ¢cekme veya yatay rijitlik kaybir meydana gelmeyecek
ve yalitim birimi1 kararliligini koruyacaktir.

(h) Her bir ¢cevrim 1¢1n hesaplanan ikincil rijitlik tasarimda kullanilmis A ve A

deney.min deney.maks

degerler1 1le nominal degerin ¢arpilmasi 1le elde edilmais alt ve st simirlarin arasinda kalacaktir.

(i) Herbir iiretim deneyinden elde edilen ortalama ikincil rijitlik degerlerinin en biiyiigii ve en

kiictigti, tasarimda kullanilmis 2 ve A ile nominal degerin carpilmasi ile elde

spek.min spek.maks

edilmis alt ve tist sinirlarin arasinda kalacaktir.
14.15.5. Tasarmmin Dogrulanmasi

14.15.5.1 — Yalitim birimi kabul kosullarmin saglanamadigl durumlarda, alt ve st smir
degerler gbzden gecirilip degistirilerek tiim hesaplar tekrarlanacak veya yalitim birimi tasarim
1yilestirilecek ve binanin bu Béliimde belirtilen kosullar sagladigi gosterilecektir. Gerekmesi
durumunda prototip deneylert vemi eksenel vilkk ve verdegistirme kosullarina gore
tekrarlanacaktir.
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Alt/Ust Limit Degerleri

* Elastomer Yalitim Birimleri
e Cevrimsel Etkiler (1. cevrim ve sonraki cevrimler arasindaki farklar)

e Sicaklik Etkileri o

* Yaslanma
e Kursun Akma Dayaniminda Hiza Bagli Degisiklik (LRB)
* Eksenel Yuk Seviyesine Bagli Degisim

1000

5001
e Sdurtiinmeli Sarkag Tipi Yalitim Birimleri
e Sicaklik Etkileri 0
e Sdrtinmenin Yatay Yukleme Hizina Bagli Degisimi
e Surtinmenin Eksenel Yiik Seviyesine Bagl Degisimi l
* Yaslanma
e Kirlenme

—Lower Bound __--

-- Upper Bound

]
i
.l
[
[
[
1
[
[
—
I
I
-
L
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Alt/Ust Limit Degerleri
* Elastomer Yalitim Birimleri

oooooo

e Cevrimsel Sicaklik: Cevrimler arttikca kursun akma dayanimi duser. 3-4 cevrimde dlsis gozlenebilir

Cevresel Sicaklik: Yiksek sicakliklarda elastomer daha esnektir.

oooooo

dayanimi ve rijitlik gésterip tekrar duser. Dusuk degerler nominal olarak kullanilir, yiksek ilk degerler Gst
limit olarak kullantlir.
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Alt/Ust Limit Degerleri

Elastomer Yalitim Birimleri

09.06.2018

Table 6-3. Maximum Values for Temperature A-factors for Elastomeric Isolators (Ayay.()

Minimum
Temperature For Qq Ky
Design

i = °F HDRB-1 HDRB-2 LDRB HDRB-1 HDRB-2 LDRB
21 70 1.0 1.0 1.0 1.0 1.0 1.0

0 32 1.3 1.3 1.3 . 1.1 11
-10 14 1.4 1.4 1.4 1.4 1.2 1.1
-30 -22 2.9 2.0 15 2.0 1.4 1.3

Note: HDRB-1 is High Damping Rubber Bearing with large difference (more than 25%) between

scragged and unscragged properties

HDRB-2 is High Damping Rubber Bearing with small difference (less than or equal to 25%)

between scragged and unscragged properties

LDRB is Low Damping Rubber Bearing (conventional natural rubber bearing)
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Alt/Ust Limit Degerleri

09.06.2018

Elastomer Yalitim Birimleri

Table 6-4. Maximum Values for Aging A-factors for Elastomeric Isolators (Ayax.a)

Material Kqg Qq
Low Damping Natural Rubber (LDRB) 1.1 1.1
High Damping Rubber with large differences (>25%) 13 13
between scragged and unscragged properties (HDRB-1) ' '

High Damping Rubber with small differences (<25%) 12 12
between scragged and unscragged properties (HDRB-2) ' '

Lead - 1.0
Neoprene 3.0 3.0

Table 6-5. Maximum Values for Scragging A-factors for Elastomeric Isolators (Amax,smg)

Material Qq Ky

LDRB 1.0 1.0
HDRB-A 1.2 1.2
HDRB-B 1.5 1.8
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Alt/Ust Limit Degerleri

 Elastomer Yalitim Birimleri

09.06.2018

Energy Dissipated per Cycle (kN-m)

400

350 -

300

250 .
200 .

150

100 -

50

0 !

Lead-Rubber Bearing
4):950 mm, ¢LEAD=1 78 mm,
TRUBBER=255 mm, hLEAD=327 mm

Total: Rubber & Lead

Just Lead \
(estimated) %o :
2 minute
interruption
=0.5 Hz, u=305 mm, Yma=120%, Load=3,800 kN
0 5 10 15

Cycle
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Alt/Ust Limit Degerleri (Elastomer)
e Cevrimsel Etkiler

15{“:] | | | | | | |

1000 |- —Naminal Propertics ,:%;\ o &
— Test Data | ]

S
i

-200

Lateral Force (kN)

] ] ] ] |
-500 -400 -300 -200 -100 0 100 200 300 400 500
Displacement {mm)
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Alt/Ust Limit Degerleri (Elastomer)

e Sicaklik Etkileri

175 175
 Lead Rubber Bearing at 20°C
g _
o 0 <
3 =
g
]
L
175 _
-125 0 125
-175 : : : : .
Displacement (mm) 125 0 125
Displacement (mm)
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Alt/Ust Limit Degerleri (Elastomer)

* Yatay Yiuikleme Hizina Bagli Degisim

16
CYCLE1
14
°®
12 had
o ®
o
E X ® CYCLES
= 10 -~
2] \
ﬂ a=14.06
r 8 e b=0.067
3 6 a=8.74
o b=0.011
> 4
2
0
1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01

STRAIN RATE (1/sec)

FIGURE 8-22 Effective Yield Stress of Lead as Function of Shear Strain Rate

09.06.2018

TABLE 8-7 Effect of Velocity on Characteristic Strength of a Lead Rubber Bearing

Shear iv
. Peak Velocity el Strength Z!foec_tn €
Condition | Cycle (mm/sec) . Strain Rate (kN) Yield Stress
(sec™h) (MPa)

Before
cumulative 1 0.15 084x10°° 78.0 5.1
travel test

1 201.7 13.1
Before 2 174.4 11.4
cumulative 3 254 1.67 160.0 10.5
travel test A 1470 0.7

5 136.7 2.0
After
cumulative 1 0.00353 23x10°° 118.2 7.8
travel test
After
cumulative 1 0.05 328x10°® 122.3 2.0
travel test
After
cumulative 1 0.15 084x10°° 136.0 8.0
travel test

1 2230 14.5
After 2 204.0 13.3
cumulative 3 254 1.67 189.0 12.4
travel test 4 177.0 11.6

5 163.0 10.6
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Table 7-1. Maximum Values for Temperature A-factors for Sliding Isolators (Apax.¢)

Minimum Temperature for Design Unlubricated Lubricated Bimetallic
o o PTFE PIFE Interfaces
C F
21 70 1.0 1.0
0 32 1.1 1.3 To be
established
-10 14 i 15 by test
.30 .22 1.5 3.0

Table 7-2. Maximum Values for Aging A-factors for Sliding Isolators (Amax.a)’

Unlubricated PTFE

Lubricated PTFE

Bimetallic Interfaces®

Environment/

Sealed Unsealed?®

Sealed Unsealed?®

Sealed | Unsealed?

Condition
Normal 1.1 1.2 1.3 1.4 2.0 2.2
Severe® 1.2 15 1.4 1.8 2.2 25
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Table 7-3. Maximum Values for Travel and Wear A-factors for Sliding Isolators (Ayax.o)

09.06.2018

i‘t'm”'a“"e Tra"n‘;' Unlubricated PTFE | Lubricated PTFE | Bimetallic Surfaces

<3300 <1005 10 10 To be established by
test

<6600 <2010 12 10 To be established by
_ B test

>6600 ~2010 To be established by | To be established by | To be established by
test test test

Table 7-4. Maximum Values for Contamination A-factors for Sliding Isolators (Amax.c)

Unlubricated Lubricated Bimetallic
PIFE PTFE Interfaces
Sealed with stglnless steel 10 10 1.0
surface facing down
Sealed with §tainle1ss 11 11 1.1
surface facing up
Unsealed Wlt-h stainless 11 30 11
surface facing down
Unsealed with stainless TP — Not allowed Not allowed
surface facing up
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21°C, vel.=125mm/s, p = 21 MPa
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* Eksenek Yuk Seviyesine Bagl Degisim

€ Cycle | v=0.762 mm/s | v=355.6 mm/s | v="T711.2 mm/s v =957.6 v =1270 mm/s

E min/s

= .

x 1 |-9.7 -6.2 -12.0 -6.6 -4.8

2 2 |-438 -6.1 -15.8 -10.8 -6.9

. 3 |-6.8 -6.5 -13.4 -10.5 -6.8
Zo7 7
15 -7~ —e— 2223kN
~ —a—— 4004 kN . : . : : :

— m— 5783 kN Table 5. Maximum reduction (%) of K, due to increasing vertical load,
— ° — 2ndcycle for different test velocities and cycles

————— 3rd cycle

1|III|III|III|III|III|III|III
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Figure 13. Post-Yield Stiftness vs Testing Speed at different Vertical Loads
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e Sdrtinmenin Yatay Yukleme Hizina Bagli Degisimi
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e Surtinmenin Eksenel Yik Seviyesine Bagl Degisimi
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Upper-bound properties (up = 0.08), D = 27 inches - dashed red line
Lower-bound properties (up = 0.04), D = 27 inches — solid blue line

Lateral/Vertical
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03 +

Test loops (3 cycles of prototype te*sting), D = 27 inches — solid black
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