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Dayanima Gore Tasarim



Dazamma GoOre Tasarim

(1) 14G
Yiik Hesaplanan Karakteristik (2a) 12G+1.6(0; veya S veya R)
A (Nominal) Dayanim, R, (2b) 1.2G+1.60 + 0.5(0; veya S veya R)

(3) 1.2G+ 1.6(0; veya S veya R) + (O veya 0.87)
) 12G+1.00+0.5(0; veya S veya R) + 1.6W
(5) 126+1.00+025+1.0E

(6) 09G+ 1.6/

(7) 09G+1.0E

Hesaplanan Tasarim
Dayanimi, R

Hesaplanan Gerekli
Dayanim, R,

» Deformasyon

R, :YDKT yiik birlesimleri altinda hesaplanan gerekli dayanim.
R, :Karakteristik dayanim.
0  :Dayanim katsayisi.

&R, : Tasarim dayanimi.




Dazamma GoOre Tasarim

) Hesaplanan Karakteristik
YAUk (Nominal) Dayanim, R,

v

<—— Hesaplanan Tasarim

'\ Dayanimi, ¢R,

Hesaplanan Gerekli
Dayanim, R,

Talep < Kapasite

>
Deformasyon

» Talepler dogrusal analiz yontemi ile hesaplanir.
» Olasi1 simir durumlari gozeterek eleman kapasiteleri belirlenir.
» Her bir eleman i¢in talep/kapasite oraninin kontrol edilir.

» Talebin kapasiteden yiiksek olmasi halinde yeniden tasarim.



Dazamma GoOre Tasarim

Dayanim esash tasarimda goz ontine alinan sinir durumlardan bazilari:

Kayipsiz enkesitte akma smir durumu;

Basing elemaninda global burkulma;m
Etkin net enkesitte kirilma; |
Plastik mafsal olusumu;

Yanal burulmali burkulma;
Yerel burkulma sinir durumlari;
Kesmede akma, kirilma, blok kirilma sinir durumlari;

Kaynakta kirilma;

X e N S L=

Bulonda kesme kirilmasi;

p—
-]

. Taban levhasinda ezilme;

—
—

. Ankrajlarda aderans kaybz;

p—
N

. Kesme civilerinde ezilme;

p—
(@V)

. Baglikta yerel egilme simir durumu;

—
N

. Govdede yerel akma sinir durumu.



Dazamma GoOre Tasarim

Dayanim esash tasarimda dogrusal olmayan davranis dolayh
olarak goz ontine alinir:

exp

Load Case 1 Load Case 2
AP
Analysis Case |
@ Analy Pe
@ Analysis Case Envelope of a typical
brace hysteresis curve
» A
fffffffff 0.3Pure

-1 Pere




sekildegistirmeye Gore Tasarim



Sekil Degistirmeye GOre Tasarim

Yiik Deformasyon
A A};masi’cesi
| A
A I
H
— EEE

/

Hesaplanan
Deformasyon Talebi

>
Deformasyon

> Yer degistirme/deformasyon talepleri dogrusal olmayan analiz
yontemleri ile tahmin edilir.

» Olasi1 simir durumlari gozeterek kapasitenin belirlenmesi.

» Her bir eleman ve yapinin tiimii i¢in talep/kapasite oraninin kontrol

edilmesi. .



gekil Degistirmeye Gore Tasarim

Sekil degistirmeye gore tasarim adimlari:

1.

Malzeme diizeyinde dayanim ve davranisin belirlenmesi;

Engineering Stress (ksi)

60
50 |
40 }

]
30 F[i

20

10

——Coupon 1
--- Coupon 2

0.01 0.02
Engineering Strain (g)

0.03

10



gekil Degistirmeye Gore Tasarim

Sekil degistirmeye gore tasarim adimlari:

2. Elastik Otesi davranis gostermesi beklenen stinek yapisal
elemanlarin deformasyon kapasitelerinin tanimlanmasi
(yiik-deformasyon iligkilerinin belirlenmesi);

Column Tip Load (kips)

500 T I I
SAC Phase 2 RBS Tests
400 +—] SPECIMEN DBBW-C } -
(Composite RBS - Bolted Web) — ;7 7
300 = —
200 I a—— -
100 J
0
-100
-200
-300
-400 H H
(a) =l
-500
0.08 0.06 -0.04 0.02 0 0.02 0.04 0.06 0.08
Story Drift Angle (rad)
8
6.0%
6 TETE [re penginaiane .&‘a ‘ e
40%
,a_i ‘ bt cunbennr S, [T .ako.‘ wrrpes fon ] - i
o 20%
& ek oW
o.m L3 5% A h A
S BAAAAA s anapaAAAAAARANA
& V[VVVVEW """"‘”VVVV‘J‘JVVVVVU
g ob scycles ecyclee 6cme 4 eve.
@ 2crc.
2 e,
2 cyc
~8

H

Step
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gekil Degistirmeye Gore Tasarim

Sekil degistirmeye gore tasarim adimlari:

3. Elastik kalmasi istenen veya gevrek davranisa sahip yapisal
elemanlarin dayanim kapasitelerinin tanimlanmasi;

Akma sonrasi ¢ok kisith plastik deformasyon
yapma kabiliyeti olan elemanlar dayanima
gore tasarlanmalidir.

/

>
Deformasyon

12



gekil Degistirmeye Gore Tasarim

Sekil degistirmeye gore tasarim adimlari:

4. Dogrusal olmayan analiz yontemleriyle dayanim ve
yer/sekildegistirme taleplerinin belirlenmesi.

@l{l
&
¢

== Y

Talep < Kapasite

13



Dogrusal Olmayan Davranis Modelleri

14



Dogrusal Olmayan Davranis

Dogrusal olmama hali:
1. Malzemede elastik otesi davranis;
2. Yap1 ve yapisal elemanlarin yer ve/veya sekil degistirmesinden
kaynaklanan geometrik dogrusal olmama hali;
3. Dogrusal olmayan mesnet sartlari.

1P Alp
H
; H

— 4 ﬁ" 4
L |t
v l ! v
W, M'=HL U/ M =HL+PA M =HL+PA
M'=HL M =HL+PA M =HL+PA

' p_A etkisi ' P-A etkisi

15



Cevrimsel Davranis

Dogrusal olmayan davranis, ancak dogrusal olmayan davranis
gostermesi beklenen elemanlarin ¢cevrimsel davranigsinin

«olabildigince» dogru modellenmesiyle tahmin edilebilir.

Yik,

| Ve e
Iskelet egrisi
l:
F 3
P ===
7 ; .
P AN A
AT TR
P ’;; ":r ¥ .":I# & ,...u
g s £/ { A / -
##### - P / -',,fl o~
= L Va /-l' S i EF.‘ /’_ " .
f.r#"- /.rf 2/’ _,.;r ;1" |"l IJM,..- D
> /" . K L{-——f'f-'—f—“ -_*_
o - . ya | L
Yerdegistirme A
R e S A
.I'__,._,__r"a-.——'-" ,IJ'L“"?J
[

@https://wiki.csiamerica.com/display/kb/Material+nonlinearity
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Kolon-Kiris Birlesimi

wn
=
=

T T T
SAC Phase 2 RBS Tests
SPECIMEN DBBW-C
(Composite RBS - Bolted Web)
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Column Tip Load (kips)

]
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-0.08 -0.06 -0.04 0.02 0 0.02 0.04 0.06 0.08
Story Drift Angle (rad)

Yerel Baslikta
Burkulma Kirilma
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Konvansiyonel Capraz

Ny,
Brace test
18 ! . Severe Local
It Bucklin 1
%i 100~ e v 500
g st Fracture
: L
3
= p ;
: (KIPslo ot
2
g .
oo | . -100F [ vuse sdxia
s+ | Loading Protocol s | 500
-18 . - . : . . , ) I . : l
0 5 10 15 20 25 30 35 40 45 _25 N 0
3 (mm) P R

Step Number



Dogrusal Olmayan Davranis Modelleri

Ideallestirilmis dogrusal olmayan davranis modelleri

e P T
= \-..\_H o . - .
-, .., N,
~ .
T - - o g .
< = < - < - -~
.-""--' e - -~ -
T, -~ o, - e - I
- - =, - - - |
- . 1'\_ __.:J
|1
(a) (b) (c) s
|1
L1
]
-1
1
=]
4+
-1
L
-
=1
-1
- ~f-- -1
e ", " Ny e
o~ - - - .
- 4 . o @' T -~ T, =
o~ | = - , B o~ . =
z " o o - T - T -,
= e Ll L . = =
= - :
"H-___‘ - ‘“‘m_‘ - e - -
- - - - ot T
T S iy

Plastik Mafsal Yay modeli szl"ul mafsal Fiber Kesit ~ Sonlu eleman
olgesi

- PN -
T

Yigil1 Plastisite Yayilr Plastisite
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Dogrusal Olmayan Davranis Modelleri

1. Yigili Plastik Davramis Modeli (Plastik Mafsal)

.- Elastik -

/’/ ¥ BRER
L i A \M]

Plastik mafsal
(L,=0)
« Tum dogrusal olmayan davramsgin tek bir

* _ noktada (sifir uzunluklu plastik mafsalda)
moment / plastic moment topland1g1 Varsay1l1r,

* Deney sonugclarina bagl fenemonolojik
model.

N ® Rotation
M;=M,, ulagana kadar rijit
10 davranis

A

, moment / plastic moment

20



Dogrusal Olmayan Davranis Modelleri

2. Yigili Plastik Davranis Modeli (Dogrusal olmayan yay)

F WJ WL F
VA \

—+ L, =
o ©f —1
! ki

=)
o
(e8]
Wl Wl
_-.//—_\\ oy Y
0 57| NS )
k; k)
=)
o)
[an]
Wl W$
—1® &
0.15F X Beams: IPE360 }j t
! Columns: HEA260 !
S
(an]
gf k, k, E; Y
7.2m

Dogrusal olmayan davranisin yayda
toplandig1 varsayilr.

Deney sonuglarina bagli fenemonolojik
model.

Moment, M

Chord Rotation 6

21



Dogrusal Olmayan Davranis Modelleri

3. Yayih Plastik Davranis Modeli (Sonlu uzunluklu mafsal modeli)

M; Elastik

P )

ﬁogrusal olmayén
davranis (L,>0)

* Dogrusal olmayan sekil degistirmeler sonlu plastik bolgelerde
meydana gelir. Plastik bolgeye ait Moment-Egrilik iligkisi
tanimlanabilir. Donme, 6=Ortalama egrilikxL,, olarak hesaplanabilir
(L, pratik olarak 0.5d alinabilir).

* Deney sonugclarina baglh fenemonolojik model.

22



Dogrusal Olmayan Davranis Modelleri

4. Yayil Plastik Davranis Modeli (Lif modeli)

"Fiber kesit

 Alternatif olarak, plastik
bolgede, gerilme-birim
sekildegistirme
bagintilarinin ¢evrimsel
olarak gozontiine alinabildigi
kesit hiicresi (lif) modeli.

* Deney sonucuna dayanmaz.
Davranis liflere tanimlanan
gerilme-sekildegistirme
iliskisinden elde edilir.

vA

REINFORCING STEEL

j

CONCRETE

23



Dogrusal Olmayan Davranis Modelleri

5. Yayih Plastik Davranis Modeli (Sonlu Eleman Modeli)

von Mises sti@ss T

Se+bd

2.1e+07

1.5e+7

3.9e+02

24



Dogrusal Olmayan Analiz Yontemleri

Dogrusal
Olmayan Hesap
Yontemleri

(TBDY, 2018)

Dogrusal '|

Zaman Tanim

Olmayan Alaninda
Artimsal Statik Dogrusal
Analiz

Olmayan Analiz |

Tek Modlu Itme
Yontemleri

Cok Modlu itme
Yontemi

Degisken Tek
Modlu Itme
YOntemi

quit Tek Modlu
Itme YOntemi

25



Artimsal Statik Analiz

Dogrusal Olmayan Artimsal Statik Analiz Adimlar:

1. Disey ytiklerin uygulanmasi ve yatay ytik profilinin belirlenmesi;
2. Kapasite egrisinin elde edilmesi;
3. Elastik tepki spektrumu yardimiyla yer degistirme talebinin tahmini;
4. Performans noktasinda Talep/Kapasite oranlarimin kontrolii.
Diisey Yiikler
Dogrusal olmayan sistemden
Yatay Yiik A \Y% elde edilen yer degistirme
Profili =——» @—eTe o S . 1 talebi (performans noktast).
I P s
. " Jd oA
o op o 'I Vbeklenen - \
- kot s ¥ o v, |-
I akma A !
= fo—ot —— o I |
I :
: . A
= V Ay




Statik Itme Analizi (Elle Hesap)

27



Statik Itme Analizi

A /v 4 )
Mafsal ~ Rijit kirisg
(EI=EA=00)
El El
8m El 4m 4m
B C
) S E S
v \ \Sabit
DN Ankastre mesnet
Ankastre/ mesnet
mesnet

M, (kN.m) |6 o (rad) | EX (kN/m?)
200 0.05 5000



Statik Itme Analizi

Deney sonucu elde edilen moment-donme iligkisi.

| o = (.05 rad.

p,max

r :i
S : \

e‘ éu O (rad.)

y
M, (kN.m) |6, ., (rad)

200 0.05



Statik Itme Analizi

H 6 6 6

—>

_’M::: Toplam yatay ytik, H, yatay rijitliklere
/

1 oranli olarak kolonlarda kesme
kuvveti olusturacaktir.

/ |
/ l
/ / —
I Yatay ytik etkisinde II
" deformasyon sekli

’ /I kA : kB : kC
: . JOV,=H AV =H-BV, =H <
I NN @ Kos Koy Koy
I e PR
) VB VC
5 7
Rijitlik Katsayilar: I
3El 3El |
=T ‘
A
K, :12E3I :12EI =k, kg ke :123EI 9
Ly 64 512 M
3EI  3El b
ke =" =" v
IR

30



Statik Itme Analizi

H = = k, 3H
— —_— =
W | VA _y ke _
, M, ; M, '| kK, 123
,’\ ! I V—HkB—96H
| Deformed II I' 5 Ko; 123
I Shape | /
: | # Mg / VY K _ 24H
| oM, ¥ =25 Tk, 123
U — Cr—
DD VB VC
—V, Mg=8M  M~4M
3H 24H
VA:%—H\/IA:WA:SX L= Y
L, 123 ) 123
96H 192H
v, = Mo M —ov, —on| e |22
L, 123 123
M. 24H \ 96H, Mp=5M
VC = — MC = C =4 X =
L. 123 | 123 M- }



Statik Itme Analizi

y

¥ "k, 123E1/512

MMy MM
1T o1z [k olarak
olarak,
M; = 192H, < Kolon B plastik
123 kapasitesine
_ 1 M 96H, (M,,) ulagr.
Mp=M, © 123
‘M,=M,/8
192H 192M
= y H, = p:192X200=128.1kN
123 123 123
H,=128"N
H 128.1°

m

Ay=0.107m 32



Statik Itme Analizi

6 6

AH «—— «—>
—p
/
/ /
/ / /
/ /
mafsal
[} /
I /
l /
[ /
|
|
|
P
-— VA

1. Adimdan sonra kalan egilme
momenti kapasiteleri

M,=M,—M, /8=7M,/8
Mc=M,-M /2=M /2

- =1 Plastik mafsal olusumundan
I sonra yap1 modifiye edildi.

I
! AH =V, +V,
I

! kA kC
i V,=AH 2V, =AH %
// k12 12
A—
Ve AH 8AH
Vo=V, =——
9 9
Yatay rijitlikler
3El  3El
Ky =g =
L2 512 27El
ok, =k, +ko =——
( _3El _ 24El 512
©L* 512

33



Statik Itme Analizi

6 6 6

AH <« h— —
—»M_j
/ I’ !
/
AN ! | Kolon A—> M, =7M /8
I
| Deformasyon / ,’ KolonC—>M.=M_ /2
| seki ) /
/
I /
| oM, & &
\J —
AN VC
AH 8AH
Vy=— 3V, =———
SR B«
MA:SVA=8><(AHJ=8AH
9 9
MC=4VC=4X(8A9HJZ32%H

M A=M

34



Statik Itme Analizi

M,=M,/8

Kolon A
8AH

™M, /8=""1" 5 AH =
9

Kolon C
32AH

Mp/2:——>
9

AH =

MC=MP
) W
5 FE 1T E—
H,=128N |-
0 $ S
§
>
72M vV
p
oM
64 a2 My 9x200 0
64 64
oM Kolon CM AH 28.1kN

p

P
€ Kapasitesine A, — A =

ulasir.

k, 27EI/512

35
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Statik Itme Analizi

6 6 6
ﬂ il Plastik mafsal olusumundan
// ; / II sonra yap1 modifiye edildi.
/
ll ! mafsal 'I = :VA
/
,' / ,I Kalan moment kapasitesi
/ / . .
,' , ! M,=M_,-M_ /8-M /8=3M/4
I /
I & &
|
=V, Yatay rijitlik B kyy =k, ===
3% 200 AH  18.8" i
AHxL, =—P = AH = 22222188 A —A, = —=ey oy =004
23
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Statik Itme Analizi

H,=175"N  f----mmmmemmmmmr oo :
H,=156KN |- : \
H =128«N |- Kolonlarin yeterli
Y : | Serbest | ¢mmm donme kapasitesine
donme sahip oldugu
varsayildi!
' A
S S
N & v
S > M M
vt oY Ao 1 2
Kolonlarin plastik donme
kapasiteleri kontrol edilmeli! 1
M,
3 Mekanizma Durumu 37



Statik Itme Analizi

| Kolon B icin plastik bolge

I
| KolonC icin plastik bolge

| Kolon A icin R
| plastik bolge

AAC

B _
A% =A,—A,

p :Au _AZ
AL =A, —A,

38



Statik Itme Analizi

.8, o, .5,
. M___
I /
! /
dm ll 4 m 4 m I'
! /
I / Y’
I /VIV\HB /' '\C
,’v\gA ST &
QB:Ai A, —A,
P L L
B B
AT A —A
HC_ p u 2
L L
A
HA:AP AU_A3
p L L — “p,max
A A

e =0.05=5A, =6 L +A

A, =0.107"
A, =0.214"
A, =0.854"

y

mx =0.00=A, =0, L. +A,

=0.05=> A, =0, 1 ba + A
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Statik Itme Analizi

.5, .o .5,
‘ M__,? A 007"
II II ! o
/ m
8 m h Am ! oam ; A, =0.214
' ! / A, =0.854"
| / / a 3 .
I /V IV\HB /' '\ C
/"IV\HA M oo v &
T
Ay =0 ls TA, = A, =0.05x4" +0.107" =0.307" <¢=m

A, =0, ol +A, > A, =0.05%4" +0.214" = 0.414"

Ay =0, oLy + Ay = A, =0.05x8" +0.854™ =1.254"

Kolon B yatay yerdegistirme 0.307™ iken plastik donme kapasitesine ulasiyor

40



Statik Itme Analizi

H Yapi, 3 noktasina
H=175 N fooonmmmmmmmmmmmmmmmmmmmmmmmmmmn oy @3 ulasmadan
Hu=159k11:‘N e sekildegistime siir
H,=156 ' 2 I ! degerine ulasiyor.

H =128kNy} . I Yapmm bu nf;)ktadan

| sonra yatay yiik tagima
| kabiliyetini kaybettigi
I varsayiliyor !

Au _AZ

=156 +(175—-156)x 0.997-9.214 _ 1 5gu

H, =H,+(H,—H =
2 +(Hs Z)Ag—Az 0.854-0.214

41



Statik Itme Analizi

H Final Capacity Curve

H,=159*N
H,=156<N

Hy=128kN '

42



Statik Itme Analizi (Bilgisayar Destekli)

200
< —A—
= 150 3
>
>
2
o 100
-
(%p]
2
= 50
(40)
o)
©
O 1 1 1 1
0 0,2 0,4 0,6 0,8 1

Yatay Yerdegistirme (m)



Statik Itme Analizi

1




Statik Itme Analizi

200
— [ ] 17
= , 0,853; 175,000 4
=150 | 3
()]
=
5 0,213; 156,250
¥ /4 /4 /4
2100
&
g o 0,107; 128,125
g

H 3 & O 1 1 1 1
3 I 4 . 0 0,2 0,4 0,6 0,8 1

H,=156"N }---------------- Yatay Yerdegistirme (m)

: Serbest
' donme
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Statik Itme Analizi
(Merkezi Caprazli Cergeve)

46



Inelastik Analiz

Inelastic Static Analysis of One-Story One-Bay CBF

SRS

@)

Severe Local
Buckling . _

l< \i
1000
200
Ts
Fracture
100 So0
P P
(KIPS)0 olKN)
-00F [ vuee asdva Bucklin%
11480 =-900
! I

=25

K

> Ot

P.

_lo.3p.

6ty

Po<Py

Ot
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Kinematik lliskiler

Kinematic relationships between axial displacement and interstory drift

In this relationship,

0 is the interstory drift angle (i.e.,
story drift ratio),

O denotes the axial displacement
corresponding to a drift angle,

L, is the end-to-end brace length,

L is the span length, and

o represents the angle between the
bracing and the girder,

Story Drift Ratio (SDR) = 6 = %

%) .
| — =@SINx CoS &
S=Axcosa h=L xsina

48
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Eksenel-Yatay R

ijitlik iliskisi

Axial stiffness vs. Lateral stiffness Relationship (Elastic)

Pty

> b

PCY

e S, = 5 > 5, =t
! I(br - kbr
______ since buckling is likely to occur before yielding!
i kbrace - &
: 5CF
ktirace
1
' > 5
6cr 6cu 49



Inelastik Analiz

A-B: Lateral movement is resisted by the total elastic
c stiffness, K (High stiffness, small drift)

B-C: Inelastic response with positive stiffness.

C-D: Inelastic response with negative stiffness
until A« when 0= dw

A i | —> A P.
Ay Ap Au

Representative capacity curve C

Py _______ :

6C:‘ A ! 6t
ot £10.3Ps By Ou
N
1 Pa<Py

50
P.



Inelastik Analiz

Axial vs. Lateral Strength Relationship

Elastic Stage
(Between A-B, HSHy)

Brace Forces

- o

>T

A

Pcol left

-< ZF =0= P 1et = R,

N

Pcol ,right

> F,=0=H =(R +P.,)cos

=0

col,right

P =P Beam: Axial force only (No bending)

s Column: Zero force

51



Inelastik Analiz

Axial vs. Lateral Strength Relationship

(P + P.)cos o

a /\ 1\

P: ' '
Pcol left i Pcol right \ :Ay Ap
(R —P.)sinx

H

> A

>

P

Brace Forces c

Py _______ ;
R =P =AF, }P>P e
t c

Pc < I:)cr — AgI:cr

©

Inelastic Stage (At Point C, H=H )

6cr \ E E
> F =0=H=(R+P)cosar & 0 Ay L.
: ““““‘i" - O-3PCI‘
Z Mo =0= Fe et = Peot right |

Z I:y =0= (Pc — Pc)Sin & = I:)col,lef Peol ,right ] PPy
P.

52



Inelastik Analiz

Axial vs. Lateral Strength Relationship

H (P + P.)cos o
a /\ 1\
Pcol left Pt i Pcol ,right > A
(P, —PR)sina Brace Forces
R=hR=AkF
Beam&Column Response in P. <P, =AF R>FK
Inelastic Stage (At Point C, H=H,) ¢ cr cr
(P —-P)sinaxL (R —P)sina
M == 4 I:)col,right — I:)col,left =1 ;
a& Beam: Axial force+Bending moment
f P. Column: Axial force only
Pcol,left P: Pcol,right
(A F, - AAF,)sinaxL _(AjFy /1Ag )sina
b — I:)col right — I:)col left —
4 ’ 53



Inelastik Analiz

Axial vs. Lateral Strength Relationship

(P + P.)cos o

AN

Pcol ,right

H

Pcolleft
(R —P.)sinx

Brace Forces

=D = ARy }P>P
t Cc

P, =0.3P, =0.3A,F,,

Final Stage (At Point D, A=A))
> F,=0=H =(P, +P,)cos 6c,

ZMO:O:POI left = Ft

col,right

> F,=0= (R —-R)sina=P

col ,left

+ R col,right

P.

Po<Py

54
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Inelastik Analiz

Axial vs. Lateral Strength Relationship n
Hu
H (P + P.)cos o o,
a /\ T
PCOI left i i P col right A
(P, —P.)sina Brace Forces
P =P = F
t y = AgFy R >P
F. =0.3F, =0.3A,F,

Beam&Column Response in Final Stage
(At Point D, A=A )

(P —P)sinaxL P

- _p (R -P.)sina
4 col,rig

M = col left — 5

Beam: Axial force+tBending moment

4

Column: Axial force only
Pcol,left P: Pcol,right

v, = (AP ~03AF, )sinaxL (AF, 03AgFr)sina

I:)col left — 55

col,right —



Inelastic Analysis

Discussion

» The energy dissipation mechanism in a CBF is
post-buckling and post-yielding deformations of
braces.

> To keep this “desirable” mechanism, the
columns and beam have to be strong enough to
remain elastic.

» The gusset plate needs to be much stronger than

braces.




Istenmeyen Gocme Modlari

-%

Failéd Cblurhﬁ base

57



Istenmeyen Gocme Modlari

: _ ¢
Column fracture Connection failure

(53
jjjjjj

o

Connection failure Connection failure 28



Statik Itme Analizi

F2

W27x235 h Istenen:

Cerceveyi miimkiin olan en buiytik yanal
deplasmana kadar itin. Taban kesme
kuvveti-cat1 yer degistirmesi iligkisini ¢izin.

(@

W14x120

Verilenler:
. 2F,=F,

»  Her kattaki caprazlar i¢in aym kesit
kullanilmistir.

+ Kiris ve kolon boyutlar1 her katta
degistirilmistir.

N
o™
i
x
v
i
=

» Kiris-kolon birlesimlerinin mafsalli
oldugu varsayilmistir.

W 30 x 235

.

Derinlik Birim agirhk
(in.) (Ib/ft) 59




Statik Itme Analizi

Dort farkli gogme durumu goz éniine alinmistir:

1) Caprazlarin go¢mesi

2) Kirisler, eksenel kuvvet ve egilme momenti etkisinde kapasitesine
ulasabilir.

3) Kolonlar eksenel yiik tasima kapasitesine ulasabilir
4) Birlesimlerde go¢cme (e.g., weld fracture or gusset plate fracture)

Kolon ve Kiris Kapasiteleri (Deneysel)

Kupon Testleriyle Elde Edilmis 1st Story 2nd Story | 1st Story | 2nd Story

Kapasiteler Girder Girder Column | Column
(W30x235) | (W27x235) (W14x132) | (W14x120)

Beklenen Egilme Kapasitesi, M,, 4935 4509 N/A N/A

(kN.m)

Beklenen Basin¢ Dayanim, P, 14282 14314 7544 6880

(kN)



Statik itme Analizi

Deney Sonuglarina Dayali

Pt
Capraz Kapasiteleri
- HSS8x8x5/8 | HSS8x8x1/2 P, |- :
Length 6.40 m 5.66 m
A, 10,600 mm? 8,710 mm? 5
S |
i 75.9 mm 77.2 mm N |
6c VC) 56cr 6cr :
P, 1926 kN 1596 kN —— —
' \----4-f]0.3P, Y
P, 2915 kN 2395 kN ; “
I 7 Pcr
N
Pc

-
o

B
© N O

Normalized Axial Displacement (4/4,)

=
© N b & W o w o

=

Applied Load

0 5 10 15 20 25 30 35 40
Step Number

—
I<

Applied Axial Displacement

© Tremblay et al. 2008
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Serbest Cisim Diyagramlari

Structural analysis to reveal some F2
relationships between lateral load (H),
drift ratio (A,), and brace deformation (0,)

F1

IFIDZJ

—»/
1‘ /\ From EBD2

Z F,=0—>F,=(P_, +P5,)cos6,

P, =P, = (Elastic Stage)

2cos€2
D> F,=0-Cg,=C,=0

62



Serbest Cisim Diyagramlari

g
F2 >1|‘Cf ezy\ h1 £
CL2 PLz¢ Pr2 CR2 _
‘1’ ﬂ Y ‘l' F1
F1
FBD1 _>lZ d
0 \
TC Kl/\P %
Pu R1

CL1

From FBD1

Z F, =0 F =(P,+Py)cosé,— (P, +Ps,)cos 6,
F+F,
2C0s 6,

(P +Py)cosf =F+F, =P =Py =

D> F,=0->C_+Cq =0
C.,=-P_,siné,(Tension)
Cr1 = P, sin8,(Compression)

L

ZMd :O—>CL1><§—CR1><%+ PLzsino92%+ PstinHZ%:O

C.,—Cgr, =—-2P,sinb, =-2P;,siné,

63




Statik itme Analizi

(1) Akma, burkulma ve ¢cekme ve basin¢taki en biiyiik eksenel
deformasyonlar

s P R _ 1926x10° _£gugm

oK EA/L_[(2x105)x10,600/6400J

5, =108, =58.14™

| 1, Kat Caprazlari
HSS8x8x5/8
P, P 2915x10°

_ _ _g.gmm
k EA/L [(2x105)x10,600/6400}

y

8 =66, =52.8™
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Statik itme Analizi

(1) Akma, burkulma ve ¢cekme ve basin¢taki en biiyiik eksenel
deformasyonlar

é‘ — Pcr PCI’ — 1596X103 :5.186mm

oK EA/L_[(2x105)x8,710/5660}

5, =105, =51.86™

2, Kat Caprazlari
— HSS8x8x1/2

R_ R 2395x10°
Y7k EA/L [(2x105)><8,710/5660]

S =65, =46.7™

=7.78™"
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Statik Itme Analizi

Geometrik Iliskiler
F2 A;

8 h..
\‘ F———— - =2
7
Y4 1
7

o 6tlz
\

)
NS

cl — 5’[1 — Al COS ‘91

C

U

roof

®
e (2)|0:2 =8, =A, cos,
®

=A +A,

*Possible vertical deflections of the girders are neglected

Ai : First story drift

A2 : Second story drift

Ot1 : Axial deformation of first story brace in tension

Otz : Axial deformation of second story brace in tension

Oc1 : Axial deformation of first story brace in compression
Oc2 : Axial deformation of second story brace in compression
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Statik Itme Analizi

(2) Akma, burkulma ve ¢cekme ve basin¢taki en biiyiik eksenel
deformasyonlara karsilik gelen goreli kat 6telemeleri

mm _—

At puckle = O DB _ g gqmm Oy =0y = A, C0SO,

’ cosé, cos(51.3)

mm

Ajew = O __ 814 _ 93.1™"

" cos, cos(51.3)

| 1, Kat Gaprazlan
5 - HSS8x8x5/8

Al yielg = 2= =14.07™"

’ cosé, cos(51.3)

mm

A1,max = A1,tu — 5tu = 22.8 =84.5™"

cosé, cos(51.3)

—



Statik Itme Analizi

(2) Akma, burkulma ve ¢cekme ve basin¢taki en biiyiik eksenel
deformasyonlara karsilik gelen goreli kat 6telemeleri

0, 5.186™™"
A puckle = —2 = =7.33™
2 cos 6, cos(45)
mm
A, = O _ 9186 _ ;5 qmm
" cos#, cos(45)
N 5y — 7.78™ —11mm
2,yield
cosd, cos(45)
mm
A2,max :AZ,tu — é‘tu — 028 =66""

cosd, cos(45)

0., =0, =A, C0SH,

C

2, Kat Caprazlan
—  HSS8x8x1/2
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Statik itme Analizi

(3) idealize edilmis 1. kat capraz davranis1 (Goreli kat Gtelemesi-
Eksenel Dayanim)

P, (kN)

P,=2915|. ...

b@
D s P
7 V4 /
| Ay=14.07 A,,=84.5

K """ 0.3P,=578
L-lp_=1926

1. Kat Caprazlari: HSS8x8x5/8



Statik itme Analizi

(3) idealize edilmis 2. kat capraz davranisi (Goreli kat 6telemesi-
Eksenel Dayanim)

P, (kN)

P,=2395| ... :

&
” M
o LN
Y
< Vf’ | Av/ : S AZ (mm)
: A=11 A, =66

K """ 0.3P,=479
L-lp_=1596

2, Kat Caprazlari: HSS8x8x1/2



Statik Itme Analizi

(4) Adim Adim Analiz

Step 1: Caprazlarin Burkulmas:

Ikinci Kat =

Birinci Kat =

—

g—

Brace Forces: P, and P,

F, 2F
) 2c0s 0, " 2c0s45
When second story brace buckles
F =P,, c0s45=1596 x cos 45

PR2 = PL2

F =1128.5"

Brace Forces: Py, and P,
5 kR+F  3F
LM 2c0s 6, 2c0s51.3

Pr

When first story brace buckles

1st Story 2nd Story
HSS8x8x5/8 | HSS8x8x1/2

2F

P 1926 kN 1596 kN
/o 2915 kN 2395 kN

3 I
F s o

F=2/3P,,c0851.3=2/3x1926 xCc0s51.3

F=803" <mmm

Birinci Kat Capraz1 Burkulur
71



Statik Itme Analizi

(4) Adim Adim Analiz 2F=1606

(@
(@)

Step 1: Caprazin Burkulmas:
Birinci kat ¢caprazi burkuldugu anda (1 Noktasi) F=803

. . %) 5.814™"
First Story Drift, A — ol —9.,3mm
y Houe T cosg,  cos(51.3)

Second Story Drift, A, = 2k = oF >
Kstory,l 2kbrace COS (92
A Base Shear 3
(kN) AZ _ EAZF _ 2:803X10 _ 5.2mm
Z(Lj cos6, (2><1c; 6)62 8710\ e

V1=2409

Ao = A+ A, =9.3+52=145™ |V, = 2409

roof —

' > A, ¢ (Mmm) 72
A:=14.5



Statik Itme Analizi

1 Noktasinda (1. Kat Caprazi Burkulur)

o P, (kN)
A, =19.3 ,
P, =2915|......__ /
' // //
| [ _Cekme /_ Basing
Caprazi: Caprazz:
\:\ Elastik Burkulur
5 e
© i P, =1926
o
N
v <° 7
Vo‘\' 9 v‘é I . Al (mm)
’ ' ’ 8,=14.07 A,=84.5
"""" "/ ]0.3p,=578
91 P, =1926

1st Story Brace: HSS8x8x5/8
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Statik Itme Analizi

1 Noktasinda (1. Kat Caprazi Burkulur)

P, (kN)
/
/ /
/
/_Cekme ! __Basing
Caprazi: Caprazz:
Elastik Elastik
S A P, =1132"
o , A ' A, (mm)
: Ay=11 A,=66
0.3P_=479
P =1596
P, =1132"

2nd Story Brace: HSS8x8x1/2
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Statik Itme Analizi

Step 2: 2. kat capraz1 burkulabilir veya 1. kat capraz1 akabilir

g—

Brace Forces: P, and P,

2AF
Py = Py = —2 o
S "2 Dcos45
Ikinci Kat
Caprazi = When the second story brace buckles
Burkulur 7.3-5.2 AF

(@]

AF =P iquar» C0S45 = (1596 X j x C0S45

AF = 325N

Brace Forces: Py, (Comp.) and P, (Tension)
When A; = A, =14.07™

3AF
Birinci Kat Pro # PLu = APy + AR, =

Akar
(1926 -578)

(46.6-9.3)

Py <P

er1 —> APy =—

3AF
cosb1.3

AP, + AP, =989"N —172.4" - — AF =170

—

4

A ~
c0s51.3 1. Kat Capraz1 Akar

Gaprazi  — p, =P =2915" - AR, = 29151926 = 989kN

x(14.07-9.3)=-1724" Ap _170" <umm
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Statik Itme Analizi

Step 2: Birinci Kat Caprazi Akar (2. Nokta) 2AF=340

(@

First Story Drift, Ay = Ay ;g =14.07™
2AF AF=170

Second Story Drift, A, =5.2+

(@]

Kelastic

340 =5.2"" +0.78™ =5,98™"

A, =5.2+
? 25 (2395kN /11mm )

A Base Shear
(kN)

V,=2919

V1=2409 A

= A+ A, =14.07+5.98 = 20.05™

roof

V, =V, + AV =2409+510= 2919

> A (mm)

roof
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Statik Itme Analizi

2 Noktasinda (Birinci Kat Caprazi Akar)

K

postbuckling — _m

P, (kN)
A, =+14.07™" A K postyeta =0
P, =2915|__.___. 3 / /
: / /
i £ _Cekme /__Baisng
: Caprazz: Caprazz:
;\ Akma Burkuldu
© i 2915 i
N é? ,.,'7\' elastic — T = 207']+8kN/mm
0y / . :
2 s P
7 Y A A, (mm)
b(’ vlo 1 h 1
! : Ay=14.07 A,,=84.5
““““ "/710.3pP_=578
)T P2 =1754"
2 |
- P, =1926
1926-578

=-36.14/m"

1st Story Brace: HSS8x8x5/8 77



Statik Itme Analizi

2 Noktasinda (Birinci Kat Caprazi Akar)

P, (kN)

A, =+5.98™"
@

ST A

A A

A=11 A,,=66

i . e "
________ N 0.3Pcr=479
!
2
L P_=1596

2nd Story Brace: HSS8x8x1/2

/
/

/

/_Cekme ! __Basing
Caprazi: Caprazz:
Elastik Elastik

A, (mm)
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Statik Itme Analizi

Step 3: 2. Kat Caprazi Burkulabilir veya Birinci Kat Basing Caprazi 5A _=46.6™™

ulasabilir

—

Tkinci Kat
Gaprazinin
Burkulmasi
icin

—
p—

Birinci Kat
Caprazinin
5A =46.6m™
Ulasmasi igin

Brace Forces: P;, and P, 24F - .
P._p - 2AF
"2 2c0s 45
When the second story brace buckles AF
AF =P qiquai3 €05 45 = (1596 X wj x C0S 45
AF = 204"

Brace Forces: Py, (Comp.) and P_; (Tension)

When A, =5A,,; = 46.6™"
3AF
c0s51.3
P, =P, =2915" > AR, =0
Pai < Pyt — APy =—(1754-578) = -1176""
3AF
c0s51.3

AP + AP, =0-1176" = — AF = 245"

AV
~
1. Kat Basin¢ Caprazi

5A., ulagir

AF =245 {umm
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Statik Itme Analizi

Step 3: 1. Kat Basing Caprazi 5A, ulastiginda (3 Noktasi)
2AF=-450
= 46.6™" i

(@]

First Story Drift, A; =5A

l.cr

Second Story Drift, A, =5.98 + 2AF

AF=-245

elastic

=5.98™ -1.13™ =4.85™"

245
(2395kN /11”"“)

A, =5.98—

A Base Shear (kN)

V>=2919

V1=2409 A

= A+ A, = 46.6+4.85=51.45™

roof

V3=2224

V, =V, + AV = 2919 - 695 = 2224*"

> Aroof(rnrn)

80




Statik Itme Analizi

3 Noktasinda (A,=46.6™™)

P, (kN)
Al — i466mm /E Kpostyield =0
_ 2 /
P,=2915|....._% . 3 o
Cek/me Caprazi:
! Akma sonrasi def.
1 (Ductility=3.3)
© | |
N é‘o o';’ I elastic — 1249£ = 207.];8kN/mm
S - ’
b(,g ‘/)v v/é | ! Al (mm)
| : A =14.07 A, =84.5
N """ 0.3P_=578
2! 1st Story Brace: HSS8x8x5/8
9 P, =1926
1926 -578
K postbuckiing = T 166931 ~36.14/™"

/__ Basing

Caprazi:
Ductility=5
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Statik Itme Analizi

3 Noktasinda (A,=4.85™™m)

P, (kN)

A, =+4.85™"
@

ST A

A A

A=11 A,,=66

i . e "
"""" 3 ®10.3P =479
!
2
| P_=1596

Vv

2nd Story Brace: HSS8x8x1/2

/
/

/

/_Cekme ! __Basing
Caprazi: Caprazz:
Elastik Elastik

A, (mm)
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Statik Itme Analizi

Step 4: Ultimate stage: 1. kat ¢apraz1 A,,,,=A,=6A,=84.5™™ ulagir

pusm—

Brace Forces: Py, (Comp.) and P_; (Tension)

When A, =A, = 84.5M" 2AF

1.Katta _J P, =P ,=>AP,+AP = _SAF

A =84 5mm c0s51.3
aX ¢
P, =P, =2915" > AR, =0
AF=0 AF=0 AF
P, <P,  — APy =0

—

(@)
0

First Story Drift, A; = A; . =84.5™"
. 2AF AV
Second Story Drift, A, =4.85+ N
2K gfastic 1. Kat A, degerine ulagir

0
(2395kN / 11”‘”‘)

A, =485+ =4.85™
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Statik Itme Analizi

Q
e}

Step 4: Son Adim (4 Noktasi)

A Base Shear (kN)
2 |V, =V3+AV =222440= 2224

V2R -] S——
1 |
Vi=2409 - %. g 3 4
Vs=Vi=2224 | : ?
A=A+ A, =84.5+4.85=89.35™
0 S ’ ——> A__.(mm)
Bl:lA-S 51520 05 Bg:SlAS b4=89 35 '
1. Kat Goreli Kat : . Ak 845 0
Btelemesi Acis mmmm) | Peak Story Drift Ratio 1= = 2000 =1.69%
. R A
2. Kat Goreli Kat gy |peak Story Drift Ratio 2 = —=M — 185 _ 0.12%

Otelemesi Acis h, 4000 84




Statik Itme Analizi

4 Noktas1 (A,=84.5mm)

P, (kN)
A, =£84.5™ {
P =2915|...... 2. ‘o
/
Cek/me Caprazi: ~7° Basing
Kirilma Gaprazl:
Ductility=9.1
(O‘.O
e P4 <
%) { ’
2 < P
bo\\ Lf) vé 1 ) Al(mm)
| ; A,=14.07 A,,=84.5
A T e 0.3P_=578
2!
91 P =1926

1st Story Brace: HSS8x8x5/8
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Statik Itme Analizi

(5) Kirisler elastik kaliyor mu?

« Ikinci kat caprazlar1 son asamaya kadar elastik kaldigindan, capraz
kuvvetleri esit kald1. Dolayisiyla, ikinci kat kirisindeki egilme talebi

sifirdi.
* Maksimum eksenel kuvvet talebi, capraz kuvvetleriyle dogrusal
orantiliydr.
2. Kat
FZ/:EC f - g h o F)z/z P, =P, =1302"" (Point 2)
02 1 :
¢/\ Mr:Mg:Z(L)(PLZ_PRZ)SmQZZO
kN
Mr P.=F,/2=1841/2=921"
>4\ Second Story Girder (W27x235)
_ N _goqkN
F2/2 - P.=14,314" > P =921"" —» OK

1 F2/2 2. Kat Kirigi Elastik Kaliyor
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Statik Itme Analizi

(5) Kirisler elastik kaliyor mu?

* Birinci kat kirisine gelen talepler, capraz burkulmas: meydana geldikten sonra ¢apraz
kuvvetlerine bagh olarak degismistir. Bu nedenle, P-M etkilesimi agisindan kritik
noktalar oncelikle belirlenmelidir.

« En yiiksek egilme talebi, ¢capraz kuvvetleri arasindaki farkin maksimum oldugu
noktada meydana gelmistir. Bu nedenle, 3. (veya 4.) Noktadaki talep kritiktir.

 Kiris tizerindeki en yiiksek eksenel kuvvet talebine gelince, maksimum eksenel
kuvvet 2. Noktada elde edilmistir.

P, =P, =2915"
P., =0.3P,, =578 L (Point 3)
P, = Py, =1056"

3 Noktasi

P Pr2 CR2

CL2
ﬂ st Story \ ‘l' J
F1/2>£ d \Fléz M, =M, ZE(L)(PLl_PRl)Sinel

91\
- 1‘ T . Fy =[ (P +Pry)c0s 6, — (P, + Pry ) c0S6, |
Pu F, =[(2915+578)c0s51.3- (1056 +1056) cos 45 | = 691
First Story Girder (W30x235) M = [(2915-578)sin51.3]x8 _ 3648KNM
= =
S 105 20 B 7510 Y e
2P, M, 2x14282 4935 P =F,/2=691/2=345
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Two-Story One-Bay CBF

(5) Kirisler elastik kaliyor mu?

2 Noktasi

P =P,=2915" |
P., =1754" - (Point 2)

P2 Pr2 CRrR2

€ 7‘ isi Stery\
F1/2>£

\ 1 .
T 01 T M, =M, :Z(L)(PLl_PRl)Smel
CL1 Cr1
le Ry =| (Pl +Psy)cos6, — (P, + Py, )c0S6, |

TN

J

[ (2915+1754)c0s51.3—(1302+1302) cos 45 | =1078"
[(2915-1754)sin51.3]x8

— _ kNm
F1/2 - = y =1812
+ F1/2 |P.=F,/2=1078/2=539"
First Story Girder (W30x235)
g—%_omw.g
; y £29 1812 1. Kat Kirisi Elastik Kaliyor!
L +—L<10-> =0.34<1.0
2P M, 2x14282 ' 4935
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Two-Story One-Bay CBF

(6) Kolonlar elastik kaliyor mu?

2nd St@rv
Fz/;cf F2/2 > M, =0-C,=Cq,

) CLZ - CRZ =0
CL2 Cr2

2. Kat Kolonu Elastik Kaliyor!

Lo P. Pr2 CRr2 _
A i Story \ C,=C.,,—P,sing,+
F1/2>£

d ‘l'F1 2 : - '
\ Cay = Cop + Prysing, + 11 P;l)s'”el
Cu1 T y\ TCRl First Story Column (W14x132) | 1 kat Kolonu
PL1

(PLy—Pri)sin g

P, =7544" > P =1736" — OK Elastik Kaliyor!
At Point 3
_ kKN ) ( B .
P, =P, = 2915 .. — 0-1086sin 454 2915 -5TASINSLI oo o0
~0.3P,, =578 | (Point 3) = | o 278 N >
pL2 _p,, 1056 Coy = 0+1056sin51.3+ CO=OT)SINOL3 _ gm0 (e omp )
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