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DEPREME DAYANIKLI YAPI TASARIMI

+ Deprem hareketi

* Yapilarin yer hareketi etkisindeki titresimi

+ Deprem etkisindeki betonarme yapi
elemanlarinin davranisi

+ Depreme dayanikli yapi tasarimi

* Yurdumuzdaki 6nemli depremler

* Yapilarda deprem sonrasi hasar belirlenmesi,
onarim ve gliglendirme yontemleri

* Mevcut binalarin deprem etkisindeki
davraniginin degerlendirilmesi

Yapilarin yer hareketi
etkisindeki titresimi
Tek serbestlik dereceli sistemler

*—»{ v, = toplam yer degistirme = VgtV

\
#—= v =relatif yer degistirme o
| m m (vg+v)

7 .

|
)
k/2 c kiz2| )
7 /
/ e
/ 7
4 [

7
ﬁ——j Vv 4= yer hareketi

Tek serbestlik dereceli
sistemler

mi/'+c{2+kv=—mi/'g

. } 2
vi28ov+oT v=—v,
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Tek serbestlik dereceli

sistemler
* Hareketin baslangig sartlar
Vo =v(t=0) Vo =V(t=0)

vy +<wv

“D

v(t)=e_§w{v0 cosmpt + 0 sin w pt

27 T
7=2% _oy [ﬁ Tp==2= op s
k - g2

Tek serbestlik dereceli
sistemler
Yerdegistirme

kritik sonim & =1

AVa

kritik alti

kritik Gzeri &> 1
/‘\‘w

\_/2\./3
E<1

1—

Tek serbestlik dereceli
sistemlerde sonim orani

27

;}1 - &2

v(t)
v(t+ TD)

=exp(§wTD)=eXp

(1) 27

Wi +Tp) :\/1_52 N

S=dm__ M) L ope
m  v(t+mTp)

S=h ~ 27 |2

Yer hareketi altindaki tek
serbestlik dereceli sistemler

- Yer hareketi ivme kaydi ‘.}g (1)

* Yerdegistirme (Duhammel integrali)

t
v(t)= _é(j)ﬁgﬁ) o GO0 sinwp (1—71) dr
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Cok serbestlik dereceli sistem

mv+cv+kv=-mli, 1= 1 .. 1

+ Kiitle matrisi m = [m;]
+ So6niim matrisi ¢ = [cy]

+ Rijitlik matrisi k = [kj]
+ Esneklik matrisi d=[d,]
* Yerdegistirme vektori v =[v]

* Yer hareketi Va(t)

Sonilimsiiz sistemin serbest titresim

+ Hareket denklemi mv+kv=0

- ¢oziim kabiilii V)=V, sinot

(k-w’m) v, =0

+ Frekans denklemi

|k —w2m| =0

+ Katsayilar determinanti

+ Frekanslar y, @y,... 0,

- Oz vektérler ,
(k-/m), =0

+ Mod sekilleri

Cok serbestlik dereceli sistem
* Mod sekillerinin dikligi

- Kiitle matrisine gére ¢_T m ¢ =0
1 1
* Rijitlik matrisine gdre ¢iT k d)]- =
- L Ted =0
+ Soniim matrisine gore ¢1 C d), =
(kabul)
1 Z£]

Modlarin birlestirilmesi

N
T
V=261 Y00 Y=¢ mv/M,
i=l
o = (I;T mv/M; Genellestirilmis koordinat
M=¢" me, Genellestirilmis kiitle

C= QT c¢=2&5 agM  Genellestirilmis soniim

Ki=¢"k &= M Genellestirilmis rijit lik
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Modlarin birlestirilmesi

+ €ozilm igin kabul

N N
V()= ZlVi = _Zl¢i Y; (1)

oo - 2 __T ..

Modlarin birlestirilmesi

Y; (1) o Vi)
J M J

Vi ()= i (7)€ sin [wp (- 7)) dr
0

T
Li=¢;ml

J :
J
Modlarin birlestirilmesi
f,0)=kv()=k¢, Y;()=a; md, Y1)
Y b g & T))
]max M] COD] \% ] ]
2 ja)}z
fimax=@imMo;Yimax=mé; ———8, (&; T)
J J J J Mj a)Dj J 7
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Modlarin birlestirilmesi

¢2j =
¢nj
2 2 5 _ & 2
=m ¢1j+m2 ¢2j+...+mn ¢n} = Zlmi ¢l]
i=

Mj=¢/Tm¢j=[¢lj b ¢nj] 0 my 0
m] 0 0
Lj=¢jrml=[¢1j ¢2j ¢nj] 0 m 0 ||1f=

0 0 m,
0 0 m,||l

n
=my @ j+my ¢y +..tmy gy = .Zlmz' P
=




Modlarin birlestirilmesi Modlarn b'"lest'r'lmfs'
LS, (& T;) [fm.(,,;.)
_ jRalsjl; 2 i &
fyma =M &) My=ryny =l
J M %m 6 2
. i %ij
i=1
n L. n
V. = o= e (k. T, b = m; @
bj iglfz]max Mj a(%zja ]) iglml ¢z] fl] max = Vbj n—2
2.m; 9
2 i=1
j £
=——=8,(;, Tj))=M; §,(5;,T))
.y Ymax = \/Vlzmax + V%max Tt V;% max
Modlarin birlestirilmesi Sayisal integrasyon
. 4
0 . -
Vy; () . M7 A ;0 - . . "
- - . J m v (0) +c() v () + K@) v (1) =-m Vy (1)
® h
h’ ~ h
MAV@E)+c(@)AV(@)+k () AV ())=-m AVg(r)
5 O ~— Vy () ~—
My () My ()
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. . , Modlarin birlestirilmesi
Modlarin birlestirilmesi

Ve (0 O%WM"W"‘
~ . bz iz .49 -
a) Mutlak degerlerin toplami = SR
N ok 1. mod katkist 1000 - 1. mod Katkis!
< . ( ) = Vpq (1
(1) maxS 2 i lmax =|Mo| ¥ F|Tno| T F|"No Ym0 ; o ;i
j=l 100 U31=124.7 mm 1000 - V1= 1174 kN
100 - 2. mod Katkisi 1000 2. mod katkisi
g a iy " i AAAL A
b I o o l k k ..k oo a0 mm A = - V3p=39.6 mm Vel "—'” Vo= 836 kN
100+ -1000 -
) Karelerinin toplaminin karekokii T e
100 Vg3=25mm Vo= 200 kN
Yy (), mm 0 Voa (t)
1/2 100 - -toook topl _
o 2 2 2 /2 100 |- foplam 1000 |- e Vo = 1539 kN
FO e ~| 2l (t)]im S| R P - W e
7= -mnr I \\73:131 mm | .1000\7 I L |
0 10 20 30 0 10 20 30
e Vol =25, ts)
Ugiincii kat yer degistimesi i=1 Taban kesme kuweti V(1)

Rijit dosemeli gerceve Uzay gergeve
m t m v
kg Cj ///
m :W 4’/ V2 }
2 t c /// *‘F 7‘é‘(XGvyG)
k2 :W 2 // R(XRr,YR)
o,
m, > Vi pave yave
K, tﬂ% o A
7 T arg
s Vg () LX .
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Cergeve Perde davranisi

Yy Y VY

\

jit kath
erceve

y
T

yuk egilme momenti
7777777 Y d

s

2.mod b

Perde gerceve etkilesimi Sonim

negatif perde_ alan AE
. kesme kuvveti
yuk -
o
> gerceve
r ‘ ! 8 . B kesme kuvveti
N
| | f 3 2 EX
| - | ‘ °c X
| | | 5 2 toplam
| | £ g < kesme kuvveti
wn
o ©
= = perde V(t)
| | ) kesme kuvveti
85
o =
g8
@
Q
perde cerceve

Zekai Celep http://web.itu.edu.tr/celep/



Sonim

* Dig viskoz sonim

- I¢ viskoz séhiim

* Coumb s6nimd

* Cevrimsel s6niim

* Enerji yayilma sonimdi

Siineklik

B
\

oo k
m
V3
Kk L]f h
1.5m
>V,
2K - 2 h
2.0 mw
vy
3c
3k L]—‘ h
>y

3
idealize edilmis yer hareketi : noktasal kaynak
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\F elastik
\
\
fy————— /‘C elasto-plastik
\
\
|
L ‘ B
0 By Bmax
Ornek
m V(t)+k V(t):—m 1vg
2m 0 0 o o
m=|0 15m O ook % —x
0 0 m . - ’




Ornek

v, (), mm
i
m=25000kg , k=1200 kN/m , c=100kNs/m idealize edilmis yer hareketi
10-
/.

<1505 N\ /
N~———

Ornek

v, (1), mm
i 159.1 mm

1807 - 25000kg , K=1200kN/m , ©=40 kKNs/m El Centro (1940)
100 -

Sonim

mv )+ fp(t)+kv(t)=-mv,(1)

i o+,
i
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Viskoz sonim

Jp@)=cv()

T 5 227r/a) ) 5
AE=[fp(t)Wt)dt=co“p” | cos“(wt-0)dt=rncop
o o




. Ornek
Iki kath gercgeve

Ornek
Hareket denklemleri

m(Vl +\7g)+kv1 —k(Vz—Vl)ZO

0.9m (\'/'2 +i}g)+k (Vz -v1)=0

0.9m .
=V, ® k, 0.9m (v, * vq)
<
h h k k(vzvy)
N
m -
4>v1 .k‘ 1.0m(v1+vg)
/
~ k v
h h k L
77
*—
Vg
Ornek

Serbest titresim

mv(@#)+kv()=0

m 0
m =
0 0.9m

]
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Ornek
Periyotlar )
, A= mlk
2 _Rk-mo —k _
w? m 2-4 -1 5
A= =094 -281+1=0
k -1 1-094
4 =0.411 Ay =2.700 k=20979 kN/ m mg =147 kN
=295  o,=61.485""  T,=0262s T, =0.102s
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Ornek
Titresim mod sekilleri

(k-wfm)g=0 [ 00

-1 1=094 ||y | |0
2-0411 -1 s [1.589 -1 [én] [0
1 1-09x0411|| ¢y | | =1 0.629]| ¢y | |0
1,589 —1.589x0.629][ ;] [0
-1 0.629 1| |0

ml i ) #1]_[0.629
[-1 0.629]{@1}—0 h1+0.629 45, =0 {@}L.ooo}

Ornek
Titresim mod sekilleri

2 _ 2-1; -1 2 _ 0

(k - a)l m) ¢l - 0 |: -1 1—0.9/12i| |:¢22i|_ |:0i|
2-2.700 -1 $a|_[-0700  —1 || [0
[ -1 1—0.9x2.700}[¢2j_{ -1 —1-429“?522}_[0}

~0.700 -0.700x1.4297[ ¢, ] [0
-1 ~1.429 ¢ L0

Ornek

Mod sekillerinin dikligi ve genellestirilmis kiitle

ol mé, =fo.629 1.000]| " 0 |[-1.429 L
0 0.9m]| 1.000

T 2k —k|[-1.429
o7 k¢ =[0.629 1.000] .

| 1.000

My =oT mo; =[0.629 1.000]| " O 1% _ 1 296m
DR 0 0.9m|[1.000 |

T m 0 ][-1.429
My =5 moy=[-1429 1.000] o oomll 1000 [F29%m
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. o ) $o] [-1429
[-1 —1.429]&22}0 $12 142962 =0 Lﬁzz}{ 1,000}
Ornek

Genellestirilmis rijitlik

r 2k —k][0.629
Ky =4 k¢, =[0.629 1.000] T o oo [P 053

T 2%k —k|[-1.429
Ky =0 kdy=[-1429 1.000] To e oo |7 TR

of =Ky /My=0411k/m 3 =Ky /Mo =2.700k/m
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Ornek / Etkili modal kiitle
M, = (z§=l i ¢ji)2 _(m i+ my #i)?

i 2 2 2 2
Xz my 5)  mydii+my @)

+  (1.0x0.629 +0.9%1.000)>
My g = 2 2
1.0x0.629 % +0.9x1.000

x147.0 = 265 2kN

+  (=1.0x1.429 +0.9x1.000)°

Mg S ——x147.0= 14.0kN
1.0x 14292 +0.9 x1.000

M| g+ M5 g=265.2+14.0=279.1Kn

my g+my g=(1.0+0.9)x147.0 = 279 3k N

Ornek
Tasarim spektrumu
Sa /i}g max
A
25—

S O
0 Ty =0.1s T3 =0.3s T

Ornek
Modal taban kesme kuvveti
i}gmax =04g
T, = 0.262s S, =10g
7, =0.102s S, =10g
Vi1 =M, S, =2652kN Vs =Ms S, =14.0kN
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Ornek / Modal kat kuvvetleri

m; @i
fi=Vy—LL
! Cmy i+ my @
0.629 x1.0
fi1=2652 x =109.1kN
0.629x 1.0+1.000 x 0.9
1.000 x 0.9
fr1=2652 x = 156.1kN
0.629x 1.0+1.000 x 0.9
fi,=14.0 —1429x1.0 = 37.8kN
"1.429%1.0 +1.000 x 0.9
fory =14.0 1.000x 0.9 = —23.8kN

-1.429x1.0+1.000x 0.9
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Ornek
Modal kat kuvvetleri

Ornek
Kat yerdegistirmleri

2k — k| 1/k 1/k
k= d:
~k k| 1k 2/k

v [1/k 1/k71[109.1 12 .6mm
Vap [ 1/k 2/k|[156.1 20.1mm

2| _ g [1/k 1/k1][ 37.8 1.7mm
V= = = =
V22 | 1/k 2/k|[-23.8 —1.2mm

156.1kN——» 23 8kN=
109.1kN-» 37.8kN>
74 565.2kN 14.0kN
f, (kN) f, (kN)
Ornek

Birlestirilmis taban kesme kuvveti
ve kat yerdegistirmesleri

Vy= V3 +V = 26527 +14.0% = 265.6kN

121 =x/v121+v221 = 1/12.62+1.72 =12.6mm

vy =v2 4 v3, = 420,12 4127 =20, lmm
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Earthquake Engineering) / Earthquake motion: / 2013

Prof.Dr. Zekai Celep (http://web.itu.edu.tr/celep/)

Single-degree-of-freedom system subjected to an earthquake motion:

ii+ 260+ 0w = —iig (1) (7.26)
t
op=01-&) u(t.6:0) == i (£)expl-go(t ~Dlsin o (1~ £)]dr
D o

t
u(t,é,m)= —jiig () exp[-&a(t —7)]cos[wp (t —7)]dT - Swu(t,&, w)

ii(6,,0) +iig (1) =0 *u (1,&,0) - 2¢01 (t.£,0) (7.27)
Maximum displacement S, (T) , velocity S, (7) and acceleration S, (7')
ST =|ut.E o), S, (D) =i o),

S, 1) =i (&, @)+ i (t)‘max (@p ~ @ assumed) (7.28)
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Since the exact initial time of the earthquake is not known and the functions sin and cos
display similar variations, the following relationship can be written:

S,(&,T) =~ _t[iig (r)exp[-¢w (t—7)]sin[w(t-7)]dT (7.29)
0

max
S,(ET) = 0S,(ET) = 0*S,(E,T) (7.30)
Elastic and inertia forces:

Ssmax =kSq Srmax =mS, (7.33)

Maximum elastic energy

Erzincan 1992
East-west

Uy =0.4969

L 4 8 12 15 2
—
T=25 uw o= o
£0.02 =
04 |T=2s 7| =565
04 G bp 12 16 40
—
——= " A
S | g o[ A
2 VR Y
0a|t=as Y 7405

04 4 8 12 16

= I Avf\ \V ~
£0.02 B

{=11.205

o 8 12 1 20
Time 1)
£=0.10 ‘Spectral curve
e L [fymsplabemem B
3 \
Fo] E
Foz2 | El 2 _
5, &)
3| i it
/8 & 4 4
@
oL 1 1 L1
0 2 s s s 10

Free vibration period T (5)

LE(t, ®)]max :%kuﬁmx :%ksj :%ma)z 53 :%mS& (7.35)
Properties of the spectral curves:
u(t,T — 0,&) —0 u(t,T —0,&)—0 u(t,T —0,&)—0
ST —=0,8)=|u@t,T—0,8)|  —0
S,(T = 0,8 =[i(t,T—0,6)| —0
ST = 0.8)=[i(0.T = 0.&) ity @) —liig@] (7.36)
‘u(t,THoo,f)Jrug(t)‘HO ‘u(t,THoo,é)Jru'g(t)‘H()

‘ﬁ(t,Tﬂ oo,§)+ijg(t)‘ -0
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Sd(T‘> 00,;):‘”([’7‘*) 00,5)‘ max H‘iu g(t)‘max

ST = 00,8) =i (T — 00,8 = |- @)

S, (T — Ooag):‘ﬁ(t’THOO’é)d‘»iig(t)‘mﬂx -0

S, ~TS,/@2x) S, ~278,/T

(7.37)

(7.38)
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Example

Consider the three-degree-of-freedom system shown and evaluate the equivalent seismic
elastic forces m=25x10> kg k =1200kN / m

The mass and stiffness matrices of the system and the free vibration frequencies and the mode
shapes:

2m 0 0 Sk 2k 0 u
m=| 0 15m 0 k=|-2k 3k —k| u@®=|u
0 0 m 0 —k & Uy
‘kfa)zm‘:o @} =0351k/m @} =1.607k /m &3 =3.542k/m
s ) M

1.0

0.302 —0.679 2.438 hy h
&, = 0.648 ¢, =| -0.606 by =| —2.541 h =|#, |[=|2h
1.000 1.000 1.000 hy| L3k

The generalized masses and stiffnesses:

M, =¢" m¢; =1.812m M, =2743m My =22.573m
Ky =] K¢ =0.637k K, =3.973k K5 =79.951k
Y1(8) = 0] mu/ M =0.333u(r)+0.536u,(t)+0.552u5(¢)
Y, () =—=0.5491 (1) — 0.3681 5 () +0.404 15 (t)

Y3(6) = 0.216u () —0.169u 5 (£) + 0.04415 (£)

7777777777777 U, (1) :
3 5T 0508~ |— +
pZzz722777277272227 uy(t) : : *%
o
h l 4 T(s)
@ ®) 0.10‘7-%3:0].485 50725 1.50 1,21 535
T
0.302 2m 0 01
T
Ly=¢; ml=|0.648 0 L15m O0|1|=2576m

1.000 0 0 mjl

T T
Ly=¢5m1=1267m L3=¢3 m1=2.065m

Ly 12
=L _126Tm 4y [y =-0512 Iy =0.091
M1 =L I =2576x1422m=3.663m M5=0649m  M3=0188m

3
Lg1 =X m, ¢n1 hy, =mh(2.0x0.302x1+1.5x0.648x2+1.0x1.000x3) = 5.548m h
n=1

1% =-0.176mh 1% =0253mh

0
L

pro L _3588mh_ ) san Iy =0.139% Ky =0.123h
L, 2576m

The sum of the modal masses is equal to the sum of the actual masses:

3 3
> m; = (2.0+1.5+1.0)m=45m= Y M;- =(3.663+0.649 +0.188)m
Jj=1 Jj=1
The sum of the moments of the story masses with respect to the base is equal to the moment
of the effective modal masses by using the effective heights.

3
> m; hj =(2.0x14+1.5%x2+1.0x3)ymh=8mh
Jj=1

3
1M =(3.663%2.154+0.649%0.139+0.188%0.123) = 8 m h
J J
j=1
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2z 2z

The periods are calculated for using the curve of the spectral acceleration:
2r

=1.53s

Tz =0.72s T3 =0.48s

S, (T3 =0.485) =0.903 g

Modal base shear forces for each mode:

@1 J0351k/m  \Jo351x1.2x10° /(25x10°)

The spectral accelerations for each periods:
S,(T;=1535)=0392g S,(T,=0.725)=0.839g

Wit| e =M1 Sa(T1) =3.663x0392mg =1.436m g
*

Wial o = M2 S,(T5)=0.649x0.839mg =0.545m g
*

Vi3l o =M3S,(T3)=0.188x0.903mg =0.170m g

Corresponding story forces for the each mode:

’ my ¢nj
n max 3

> my B
k=1

=\
max ‘ bj

2x0.302
=1.436m =0337m
i1l € 0%0302+1.5%0.648+1x1.000 J

1.5%0.648
~1436 ~0.542
7. M8 < 0302+1.5%0.648+1x1.000 ne

11.000
—1.436m ~0.557m
1551, € 2%0302+1.5%0.648+1x1.000 &
—2%0.679

=0.545
i M8 0.679—1.5%0.606+1x1.000
|22 . =0.390mg |f32] . =-0.430mg

=0.583mg

max

2x2.438
~0.170m —0.401m
1723 ax 8 ) 2.438—1.5%2.541 +1x1.000 &

| /23] e =—0-313m g | f33],., =0.082m g

| 2 2 2
d=k'=—[2 5 5
2 5 11

1

[ 0.583mg ]|
u2max :demax =d 0390mg =
| —0.430mg |

[ 0.401mg
U3 max :df3max =d| -0.313mg | =
| -0.082mg

Corresponding modal displacements

2 2 21[0337mg| [0.479mg/k
ulmax:dflmax:a 2 5 5|0.542mg |=|1.028mg/k
2 5 11)|0.557mg | |1.585mg/k

—0.269mg / k
0.161mg / k
0.181mg / k

0.023mg / k
—0.059mg / k
0.057mg / k
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Modal combination of the story shear by using the rule of the square root of the sum of the
squares of the parameters:

Vo= 472 4732 =mg 114362 +(0544)% +(0.168)° =1.545mg

Vy= \/Vlzz Vo +V35 =m g\/(1.099)2 +(0.040)% +(0.401)> =1.171m g

Vs = \/V132 Yy V352 = mgy(0.577) +(0.430)% +(0.082)2 =0.724mg

The modal combination of the modal displacements:

Uy = g2 g Fugy :(mg/k)\/(0.479)2 +(0.181)% +(0.023)> =0.513mg / k
Uy =fuys” ity Fusy” :(mg/k)\/(l.028)2+(0.161)2+(0.059)2 =1.042mg/k
U3 = \Jugs Fuost sy :(mg/k)\/(l.SSS)z+(O.269)2+(0.057)2 =1.609m g/ k
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M, =3.663m
M,=0.649m

= =

1o} [

3 g

1 b

et

= -I::N

7. 7.
(@) First mode Second mode
0.557mg 0.430mg

(%]
8 o)
S = =B
= S o| 0.542mg 5 2 0.390mg
= c ol — = I
S s se
% S5E 25
€ 2 % 0.337mg 25 0.583mg
% EE 20 —
> QL S Qo
= O = [SR=}
o
w (b) L,

7
- 1.436mg
(A 3.092mgh
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