BOLUM 5 (MBY-ZTAHY)

Uygulama: Sekilde disemesi rijit olan tek kath yapida To=? (C30/35 E=32.10° kN/m’).

3 Toaean T
@ 6.43" @ 4.82" Q 551" @ ideCAD iii:,’:: prr T S — T i
- K106 25150 K107 25050 - IE—L— e — K108 25150 B @ o~
) L ]
_D103_ D104 D105 wunt
o d=30cm d=30cm d=30cm 2 ourar
k1032550 f § 1 3 «i0a2sm0 E T
] L | L i
E Tiim kolonlar 30-60 cm
g D101 g D10z g
= 8 d=30cm & [ Tiim kirisler  25-50 cm
[T d=30cm = 2|
= = | Tiim perdeler 30-210 cm
7 = h1=4" h23=3.2"
K101 25/50 i Ki022550 |

Coziim: Diigey tasiyici kolon ve perdelerin rijitlikleri hesaplanir.

Ky n =[12-E1/h* ]=[12-32.10°-(0.3° -2.1/12)/4* ]=28350kN/m
Ky s =[12-E1[h* ]=[12-32.10° -(0.30-2.1* [12)/4* ]=1389150kN/m

Yapiminkiitlemerkei x, _(16.769.2)1 5.761-%57?3%521-_45.25-(&43+4.82+5.51-0.5):

(16.76:9.2)9.2:0.5-5.514.24. 205 _
%= 16.769.0-5.514.2 =5.04m

3. boliimde rijitlik degerleri asagidaki sekilde hesaplanmisti.

X-X Y-y
v kX
Ri:kx.v. _ 13343940 _ ¢ pim Y, =5.04m X, = ok 17658405, ) x,=7.39m
sk, 1587600 sk, 1611900
ey=Yr-yg=8.41-5.04=3.37 m ex=Xr-xg=1.10-7.39=-6.29 m

Burulma rijitligi Ko=D= y* XKx+ x* XKy=121063248 +22099543,07=143162791.07

Xyoni T =2n M:Zn‘/ 167.42 =0.0645s Yyoni T =2rn MzZn,/ 167.42 =0.064s
K, 15687600 ! K, 1611900

Burulma

2 2 2 2
L =mi 167427876 92 _gaa0ime 1 —2n [ —on | 9100 _ 403755
12 12 K, 143162791.07

Uygulama: 1. katin burulma rijitlik matrisi ve periyodunun hesab.

( N TR P
) 6.43 ) 482 &) 5.51 (1)

K106 25/50 = K107 2550 ——[E— :;,3_,}»71»(103 25050 38 @
bl - il
Xr=1.10" M U-{Qm
& ; :c: & 5.00
— I N | B O
< =7.39 : 2
s | = L
F K10§2550 — — —— ——— ] -F---«toazsm0 j ------ K10525/50 i=ibi-
(2] o ] L[] Tiim kolonlar 30-60 cm
| r—— i
g £ = = Tiim kirigler  25-50 cm
< < S o : 4.20
™ X T v z Tiim perdeler 30-210 cm
i = i I> ! m
éu ----- 25050 {_T_: §102 25550 ‘i @ hi=4
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BOLUM 5 (MBY-ZTAHY)

0.3-0.6°) . £(0.6:0.3°\ . (2.1:0.3) . (03-2.7
" at K _12EI_12-32.105{4( )+5( )+( )+( : )1:1587600

esme - 12 12 4
X_X k h? 43 : giiclii eksen = b Zayif eksen | | b Perde b Perde
2-3.kat K, :%41587600.43 3.2]=3100781kN/m
2-3
6 0.3-0.63) (0.6-0.33) (2.1~U.33) (0.3-2.13)
1kat Kkesme:123E|:12342310 5( 12 +4 12 - 4 - 4 :1611900
Y_Y hl I giiclii eksen = ! Zayif eksen D ! Perde L Perde I

2-3. katK__ =12El_11611900.47/3.20]=3148242kN/m

kesme h3
2-3

Burulma diizensizlii, yapinin agirhk merkezi ile rijitlik merkezinin cakismamasi sonucu olusur. Bu tiir yapilar x ve y

dogrultularinda dtelenme hareketine ek olarak, yapi diisey ekseni etrafinda donme davranisi da gosterirler.

Eksantrisitenin ve yapiya etkiyen dinamik yiiklerin derecesine bagl olarak bu donme davranigi, yapimin biiyiik hasar

almasina, hatta yikilmasina sebep olur. Bu durum TBDY ve diinyada bircok deprem yonetmeliginde bu davranisin

sinirlarini belirlemektedir. TBDY burulma diizensizligi katsayr nsi<<1.2 kriterini simir deger olarak almaktadir.

Ayrica goreli kat dtelemelerinin hesabi, + %5 ek dismerkezlik etkileri de gézoniine alinarak yapilr.

1. KAT RIJITLIK OZELLIKLERI

Aks [Kolon| xi [l (m*) 107 (xi-l) 10°% | xixe |[xix>L10%| yi {ly (m*) 103|(yi-ly) 10°] yiye | Lyryd>1,103

A1 0 | 231,525 0 -1,1 280,15 0 4,725 0 -8,41 334,19

A | A2 643 1,35 8,68 5,33 38,35 0 5,400 0 -8,41 381,93
A3 |11.25 1,35 15,19 10,15 139,08 0 5,400 0 -8,41 381,93
B1 0 5,40 0 -1,1 6,53 4.2 1,350 5,67 -4,21 23,93

B B2 [6.43 1,35 8,68 5,33 38,35 4.2 5,400 22,68 |-4,21 95,71
B3 [11.25 54 60,75 10,15 556,32 4.2 1,350 5,67 -4,21 23,93
B4 [16.76] 1,3b 22,63 15,66 331,07 4.2 5,400 22,68 |-4,21 95,71
C1 0 54 0 -1,1 6,53 9.2 1,350 12,42 0,79 0,84

c C2 [6.43 54 34,72 5,33 153,41 9.2 1,350 12,42 0,79 0,84
C3 [11.25 4,725 53,16 10,15 436,78 9.2 231,53 2130,08 | 0,79 144,50
C4 [16.76 54 90,51 15,66 1324,27 9.2 1,350 12,42 | 0,79 0,84

268,65 | 294,32 3360,84 264,605 | 224,04 1484,35
l=0.3-2.1%12=0.231525 m" l,a=0.3%2.1/12=0.004725 m"
(T 29032 S 220404 o
xl  268.65 =l 264.605

Burulma tesirlerini anlayabilmek icin en az iki dtelenme ve bir donmeden olusan ii¢ serbestlik dereceli bir model

kullanilmasi gerekir. Hesap kolayhgi bakimindan, x ile y diizlemlerindeki dtelenmeler ve z ekseni etrafindaki donme

haricindeki serbestlikler ihmal edilebilir. Kiitle merkezinin x dogrultusunda otelenmesi Ax y dogrultusunda

otelenmesi Ay, ve kiitle merkezinden gecen z ekseni etrafindaki donmesi AG olan modele ait kiitle ve rijitlik

matrisleri en genel halde sirasiyla asagida verilmistir.
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BOLUM 5 (MBY-ZTAHY)

X YONO K_—k —k ,—k —k =0—|K =>k |[K =0| K, —yk —yk

XX XX Xy X

2 _yakx3 YK,y =0— KGx :Zyikxi

Y YONU K, K,k ,—k ,—k ,=0—[K =k | [k =0] K,

Yy VY VX

Xk =Xk, —xk =Xk, =0— (K, =>xk,

k

ixi

DUSEY K, +yk  +yk,+yk,+yk,=0—|K =—3y

Ko—xk,—xk,—xk,—xk, =0—>K =>xk.

47 y4

Xk —x

2
Kee_ 101 zk

szys_xzztku _yfkﬂ _yikxz _ygkxa_ k,=0— Kee =>xk +yzk

v2 "3 44 i Ny T Ry

x=x=x X=[x-x] y=y-y y=[y-v]

%lv 0 —%[yi—y,]-lv
L 12 ! '
K=K, K, Ko |>K-—5 0 21, 20— x 11,
i=1 i=1
K, K, K
mo By -y xS Ly -y

Yukanida kurulan rijitlik matrisinde degerler yerine yazilarak sistemin burulma rijitlik matrisi.

o391 254505 O 0.90 1587630 O 5400
K-10° 22220 0 268.65 ~1.88 = 0 1611900 11280
090 188 3360.84+1484.35| | 5400 11280 29071140
Mxx Xy X0 2 bz m 0 0
M=M, M M, [Mxv;ng;va;Mey;Mye;MeX]ihmal edilir ve [Ie:ma:z }—)Mz 0 m O
M, M, M, 00 |
. 676 0 m 0 0] [16742 0 0
|9:ma1+2 :167.42'1—Z+'=5100kNm2 M={0 m 0|=| 0 16742 0
00 | 0 0 5100
1587630 — *167.42 0 5400
[K-co’m]= 0 1611900 — *167.42 11280
5400 11280 29071140 - 5100
det[K-o’m] = 60.(—2.3825x10° ° +5.91124x 10"’ — 4.77063x 10" o” +1.23993x 10"
1.000 1.000 1.000
{©,=75.50} | 2.012 {©,-97.38} >| —0222 ||| {w,=98.12} - | 7982.94
~117.279 ~0.00013 4.496

Bu islemler sadece tek kath icin yapiimistir. Bulunan her bir acisal hiz icin modlar ve bu modlara karsi gelen
burulma momentleri ve eksenel kuvvetler bulunur. Bu islemler sirasi daha dnce yatay yiikler icin yapilan sira takip
edilerek yapilir.
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BOLUM 5

Uygulama: Yukarida plani verilen 3 kath yapinin burulma deprem etkilerini hesaplayiniz.

KXX

K=|K],
0

KxO = K:O =

K,=K,=

(MBY-ZTAHY)

0

Ky +K; K K =3k

K;

Kiitle merkezi

K, 0 K+K —K 0 K'+K !
K Kol | Ko=| K KKy K =3k | K, = K
Kv9 va 0 _K; K; 0 —K;
1 1 ]
[K1ey1 + Kzfyz] EKzfyz 0 8 = —x° Rijitik merkezi
Xj i i
1 1 3 1 pz
Kz y2 [Kzev2+K3 ys] Ks y3 eyjzy?_y?
0 1 0 1 K“ r:Kat kiitlesel atalet yar v
—K.e
r 37y3
[ T _WR 8
1 [K;,en +K;fx2] 1 K;fxz 0 fxi - XRi XjG
f=y —vy
I 1 y .I vz y 1 v Vi yH yH @
KZ X2 [Kzex2+K3 x3] K3 x3 Klele Kgi U
L L
K — KZI K22 KZS
0 1K; e, 1K; el | © |0 k@
00 "“oo_]
K} =§[k;yi(xi—><?)z+k,-‘i(vi—v?)] Kl = r12 (KO +K +Kre2, +K1e?, +K3f% +K)2)

12 g2 _
Koo =Koo =

23 32
Koo =Koo

12

1 .
=—— (K5 +K3eofs +Kieofs)

23

1

T r12 (K9 -+Kze?, +Ke?,)
&l

(5 +Ke, 6, +Keata) K =rl2(|<§ K +Kie?, +KleZ, +KAEE K12
2

M. M, 0 m 0 0 m 0 0 L 00
M=(M, M, M, | M.=0 m 0| M =0 m 0| My=01, 0
0 M, M, 0 0 m, 0 0 m, 0 I,

1. KAT RIJITLIK OZELLIKLERI
Aks | Kolon [xi(m) |Ix(m®) ¥l xixe |[(x?¥ x| yilm) [y m*)  {yi*ly o yeye | (yioyr)* Ly
A1 0 10,2315 |0,0000 | -1,10 0,277859 0 0,0047250 -8,4110,333801
A |A2 6,43 |0,0014 0,0087 | 5,33 0,038417 0 0,0054 0 -8,4110,381487
A3 11,25 10,0014 0,0152 | 10,15(0,139204 [0 0,00564 0 -8,41(0,381487
B1 0 |0,0054 0,0000 | -1,10 |0,006481 14,2 |0,00135 [0,0057-4,21|0,023872
B B2 6,43 (0,0014 0,0087 | 5,33 0,038417 4,2 10,0054 1{0,0227-4,21 |0,095488
B3 11,25 | 0,0054 |0,0608 | 10,15(0,556815 14,2 |0,00135 |0,0057+4,21 | 0,023872
B4 16,76 | 0,0014 |0,0226 | 15,66 (0,331258 14,2 |0,0054 |0,02274,21 | 0,095488
C1 0 (0,0054 [0,0000 |-1,10 [0,006481 9,2 |0,00135 0,0124(0,79 |0,000853
c C2 6,43 |0,0054 |0,0347 | 5,33 [0,153667 (9,2 |0,00135 |0,0124(0,79 |0,000853
C3 11,25 | 0,0047 0,0532 {10,15(0,487213 19,2 |0,231525(2,1300(0,79 |0,146292
C4 16,76 | 0,0054 |0,0905 | 15,66 (1,325033 9,2 |0,00135 |0,0124(0,79 |0,000853
Toplam | 0,2687 |0,2943 0,294 0,2687 0,2646 (2,224 1,48445

2. KAT RiJiTLIK OZELLIKLERI
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BOLUM 5 (MBY-ZTAHY)

Toplam| 0,2687 |0,2943|0,294| 0,2687 0,2646 | 2,224 1,48445
3. KAT RiJITLIK OZELLIKLERI
Toplam| 0,2687 |0,2943|0,294 | 0,2687 0,2646 | 2,224 1,48445

>l -x

I, =0.3-2.1°[12=0.231525m* —>x = S =108m x, =7.30m

3l

"
=03%. = 4 ==y - =
I, =0.3"-2.1/12=0.004725m Y, 5] 8.405m |y, =5.30m

r_\fm —ma+h2 —16742(16762+922 =5099.86 rm—\f /509986 =33.075
16.76-9.2

Doseme dikddrtgen kabul edilerek basitlestirildi

0.3-06°\ . £(0.6-0.3°) . (2.1:0.3) . (0.3-2.1
" lat K =125|=1z.32.106[4( )+5( )+( )+( 4 )]=1587600

esme 3 3 12 12 4
X _ X : h1 4 giiclii eksen = Zayif eksen | | Perde Perde
2-3. katK = ‘hEE' —~[1587600-4° |3.2°]=3100781.25kN/m
%
6 0.3-0.63) (0.6-0.33) (2.1~0.33) (0.3-2.13)
1. kat K, =12 123210 {5( 2 )" U T =et1e00
Y _ Y 1 giiclii eksen o Zayif eksen | | Perde Perde

2-3. kat K _12EI:[1511900.43/3_23]:3148242.19kNlm
2-3

kesme h3

K:+K: —K: 0 ] [1587600+3100781.25 ~3100781.25 0
K = —K: Ki+K: —K:|=| —3100781.25  3100781.25+3100781.25 —3100781.25
0 K K 0 ~3100781.25 3100781.25

[ 4688381,25 —3100781.25 0
K, =—3100781.25 62015625 —3100781.25

0 ~3100781.25 3100781.25
Kek:  —Ky 0 [1611900+3148242,19 —3148242,19 0
K.=| Ky Ki+Ki —Ky|=|  —3148242,19  3148242,19+3148242,19 —3148242,19
0 K K 0 —3148242,19 3148242,19

[ 476014219 —3148242,19 0
K =|-3148242,19 6296484,38 —3148242,19

L 0 -3148242,19 314824219
_ 1 _
_E[K1ev1+K§fv2] EK;fvz 0
1 1 1 8.405-5.30
KerKIOZ r—K5ev2 —F[K59V2+K§ey3] r—K§EYS {H—W 3. 105:|
2 2 3
1 1
0 Engys —EK§9 |

3100781.25n —[3100781.25n-2] 3100781.25n |=| 291093.75 -582187.5 291093.75

1587600n+3100781.250]  3100781.25n 0 —440133.75 291093.75 0
0 3100781.250  —3100781.25n 0 291093.75 -291093.75
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—nKe,+KiE,] (K, 0

K,=Kn=| (iKe,  —iriKe,+Ke,] 0r)Ke, {n— _(1.096-7.39) 01903}

33.075
0 (1r)Ke . lIr)Ke,,
1611900n+3148242.19n] —3148242.1%n 0 905830.20 -599094.07 0
—3148242.19n [3148242.19n-2] —3148242.19n |=| -599094.07 119818814 —599094.07
0 —3148242.19  3142842.1% 0 —599094.07 599094.07

2°%2

Kt —rl(K9+K9+KXe2 +Ke2, +K:f2 +Kf2 ) =...

1

o ((3.361+1.483)-2+1587600(8.405—5.30)2+1611900(1.096—7.39)2

" 33.075:( +3100781.25(8.405-5.30)’ +3148242.19(1.096-7.39)
((3.361+1.483)

K =Kz = (Ko +Kee f, +Kre £, )= +3100781.25-(8.405-5.30)" |=—141331.65

L n T3 075,33 075 :
+3148242.19-(1.096-7.39)

]:213693.46

27x2 33 3'x3

K2 =— ! ~(Kg +KS +Ksez, +Kre?, +K3f2 +Kif2 )=
rZ

o] ((3.361+1.483).2+3100781.25-(8.405—5.30)2+3148242.19(1.096—7.39)2
" 33,075:(+3100781.25-(8.405—5.30)" +3148242.19(1.096—7.39)’
((3.361+1.483)
+3100781.25(8.405—5.30)" |=—141331.65
+3148242.19(1.096—7.39)’

]:282663.30

1
Kz =K =——(KS +Kse,f , +Kze,.f
woe rzra( ol +hieats)= 33.075-33.075L

I P 1 ((3.361+1.483)+3100781.25(8.405-5.30)' | _
= [(K i tKel) =33 U752(+314824219(1 096-7.39)’ ]_141331'65
4688381 —3100781 0 —440134 291094 0 000 i
—3100781 6201563 —3100781 291094 582188 291094 000
0 —3100781 3100781 0 291094 -291094 000
—440134 291094 0 213694 -141332 0 905830 -599094 0
K= 291094 582188 291094 —141332 282663 —141332| |-599094 119597 —-599094
0 291094 —291094 0 —1413322 141332 0 -599094 599094
000 905830 —599094 0 4760142 —3148242 0
000 —599094 119597 -599094 | | —3148242 6296484 —3148242
L 000 0 599094 599094 0 —3148242 3148242
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M, M, O m 0 0 m 0 0 l, 0 0
M={M) M, M, M. =[O0 m, O M =0m 0 M%=g l, 0

00 Yo

0 M, M, 0 0 m, 0 0 m, 0 1,
16742 0 0 16742 O 0 5099.86 0 0
M,=| 0 16742 0 |M = 0 16742 0 |M,=| 0 5099.86 O
0 0 16742 0 0 16742 0 0 5099.86
[167.42 l
167.42
167.42 sifir
5099.86
M= 5099.86
5099.86
sifir 167.42
167.42
i 167.42]
Vew| -310078125 0 -440133.75291093.75 O 0 0 0
mosss w2 ~3100781.25 291093.75 582187.5 291093.75 0 0 0
[3100781.25 - w*167.42] U 291 09375 '291 09375 U U U
[231693.46 - w?5099.86] -141331.65 U 36653481 '59909407 U
Viowss| -141331.65 -599094.07 1198188.14 -599094.07
[141331.65 - w*5099.86] U '59909407 59909407
Simetrik  [K—wM] | 314824219 0
e -3148242.19
[3148242.19 - w’167.42]

det[K—mZM]=o —5-2.9209110% " +3.94917-10%'° —1.71835-10% ' + 2.06356-10% '

+2.96627-10% '"° —6.63118-10* »° +1.45436-10” o’ —8.39145-10°' " +5.98255-10% »° —5.28921-10* =0

w,=0.009 w,=2885 w,=7.125 w,=49.458 w,=121.289 w, =150.526
w, =155.153 w, =205.560 w, =241.709
4B.1.4 - Modal Katki Carpani ve Taban Kesme Kuvveti Modal Etkin Kiitlesi- Verilen (X) deprem dogrultusu

icin, n'inci tiresim moduna ait modal katkr carpaniT"" ile binamin x ekseni dogrultusundaki taban kesme kuvveti

modal etkin kiitlesim"™ , Denk.(4B.1) ile tanimlanir:

txn

(4B.1)

W= émid)”x'" m* =T md
"t S[mel +me? +m g ] vt
4B.1.5 - Kat Modal Etkin Kiitleleri: Verilen (X) deprem dogrultusu icin tipik bir n'inci titresim modunda, yukanda
4B.1.3'te tanimlanan serbestlik derecelerine ait kat modal etkin kiitleleri Denk.(4B.2) ile tanimlanir:
mY =m¢ I'" m'=mo I'" my =m¢, " (4B.2)

i iyn= n ion iOn~ n

(X)n

Mixn=(X) deprem dogrultusu icin binamin x ekseni dogrultusunda n'inci dogal titresim moduna ait i‘inci kat modal etkin kiitlesi [t]
Miyn=(X) deprem dogrultusu icin binanin y ekseni dogrultusunda n'inci dogal titresim moduna ait i'inci kat modal etkin kiitlesi [t]
Mi ,n=(X) deprem dogrultusu icin binanin z ekseni etrafinda n'inci dogal titresim moduna ait i'inci kat modal etkin kiitle eylemsizlik

momenti [tm?]
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BOLUM 5 (MBY-ZTAHY)

4B.1.6 - Birim Modal Davrams Biiyiikliigi: Verilen (X) deprem dogrultusu icin tipik n’inci titresim modunda
herhangi bir davranis bilyiiklii§iine (yerdegistirme, goreli kat dtelemesi, ic kuvvet bileseni) karsi gelen tipik birim
modal davranis biyikligi h , Denk.(4B.2) ile tanimlanan kat modal etkin kiitleler/ nin kendi dogrultularinda yiik
olarak etki ettirildigi bir statik hesapla elde edilir.

X=X YOND de(:[k—mmz ]:0

4688411,4-167.420y -3100781,4 0 ,=48.87
-3100781,4 6201562,8—-167.420 -3100781,4 —| ®,=153.94
0 -3100781,4 3100781,4-167.42c° ,=239.76
@ =48.87—1.mod @=153.94—2.mod @=239.76—3.mod
1 1 1
0, =[1.383| ¢,=| 0.233 | ¢,=|—1592
1.588 —-0.832 0.757
Y=Y YOND det:[k-mmz}o
4760142,14-167.420 -3148242,14 0 o, =49.2410
—3148242,14 6296484,28 -167.420 —3148242,14 —| o, =155.109
0 —3148242,14 3148242,14-167.420 o, =241.583
@ =49.241—1.mod @ =155.109—2.mod @1=241.583—3.mod
1 1 1
¢, =|1.383| ¢,=| 0.233 | ¢,=|—1.592
| 1.588 —-0.832 0.757
Modal vektdr Normal modlar ile hesaba katilacak mod sayisinin belirlenmesi
Normal Modlar M, =>mg; (m) M, =Zmi¢i2 (m) 2018 |DY1998|2007
| b2 | ¢s U.BS%mi Mi(tmod) | Mz2mod) | Ma 3mod) | Mi(tmod) Mz 2mod) | Ms (3mod) 0.03§mi u.tlﬁgmi
1 1 1 (167.423n0.95- | 664.82 67.13 2762 909.83 2511 |687.68 0'?1[;]"_16 U'Ui[:]"jm'
1,383 [0,233] -1,592 42(1+1.383+ . 42[1241.383%+ . . s .
voss [ogaal 057 |l | R 15.07 | 25.11
imd,, 664.82 .
= = =0365 > m" =T =0.365-664.82 = 242.89
" %[mid)fm 4 mid)fw‘ + MJ %[QUQBSX + 90983v:| —m, " Emld)l(xm
imo,,, 67.13 .
"= = = =133 ->m” =I'"zm¢ =1.334-67.13=89.52
' %[mld)i“ +me:, + med ] 3[25.11,+25.11, ] w =L Mo
1o, 27.62 N
= o = =0.020 W=7 =0.02-27.62=0.55
n %[mid)fm + mid)fw‘ + M] .%[68767‘ + 68767v:| —m,, n Emld)l(xln
m, =m¢, " mi=m¢ T mi=mg,I" (4B.2)
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BOLUM 5 (MBY-ZTAHY)

EGILME CERCEVESi KABULU (I =0.25-0.5%12=0.0026 m*, lrs=o0) ILE CECEVENIN PERIYODU

Tek basina cerceveler egilme cercevesi kabul edilerek kirislerin rijitlikleri hesaba katilir. Cergevenin aci metodu
denklemleri u cinsinden (5 goreli kat otelemeleri cinsinden dedil) yazilarak indirgenmis rijitlik matrisi
Ko =[Ko =Ko [K 7K, 1 bagintisiyla elde edilir. Aci denklem takimlari icin kirig ve kolon rijitlikleri sekil iizerinde
hesaplanmigtir. Bu hesaplarda 1 ve 3 kolonu en kiiciik atalet momenti | alinarak digerlerine oranlanmistir
(lacoiin=6-3%112=13.5 dm*=1 180=3-6%/12=54 dm" Iso/lactiin=54/13.5=4). £1-32.10%0.3%0.6/12-43200 kNir?

[V ¢ ¢ ¢ v v ¢ v v vlov v 4 4 v v s3]

13 k=0.6 14 k=0.8 15 k=0.7 16
k=0.63 k=2.5 k=0.63 k=25 | 3.2
9  k=2-1.93/6.43=0.6 10 k=0.8 1 k=0.7 120 |
| k=21/3.2-0.63 k=25 k=063 k=25 1 3o
lllllllﬂlllllllllllll4
5 k=0.6 k=0.8 7 k=07 g

! 4 k=05 "
2~Il4=0 5 k=2-4/4=2 ' k=21 4

7 e 7 .

1”% 21 30/60 3 % 30060 |4 |

| 6.43" | 482" | 551" |

Diigiim noktalari hareketli cerceve icin 12 adet diigiim dengesi (XM=0) ve kat sayisi kadar yatay denge denklemi
(XX =0) olmak iizere 15 adet denklem asagjidaki sekilde yazilarak sistem rijitlik matrisi olusturulur. Ornek olarak 10
diigiimde ZM1o=0 moment dengesi asaidaki sekilde drnek olarak yazilmistir.

2(2.5+2.5+0.8+0.6)¢,, +0.6 ¢, +0.8¢,; +2.5¢; +2.5¢,, —(3-2.5/3.2)(5, + 5, )=0

5d-6— 3.46 s + 0,6¢ps +0.63s - 0,37501-0.59152 =0

5d-u— 3.46 @s + 0,6(ps +0.63s - 0,375u1 -0.591(uz-u1) =0
5d-u— 3.46 s + 0,6(ps +0.63¢s +0,216u1 -0.591u2=0

6d 11.8¢s + 0,6¢ps +0.8¢7 +2.5¢p10-1.551-2.3445, =0

7d 5.26¢7 + 0,8ps +0.7¢s +0.63¢p11 -0.37561-0.59152 =0

8d 10.4 @s + 0,7¢7 +2.5¢12-1.551-2.3445, =0

9d 3.72¢s + 0.63¢s +0.6¢10 +0.63¢13-0.569152-0.569153 =0
10d 12.8p10 + 2.5¢s +0.6¢9 +0.8¢11+2.5¢14-2.344(52+ 53) =
11d 5.52¢11+0.63¢7+0.8¢p10+0.7¢12+0.63¢15-0.591(52 +03)=0
12d 11.4¢12 +2.5@s +0.7¢11 +2.5¢15 -2.34452 -2.34453 =0

13d 2.46@13 + 0.63¢9 +0.6¢p14-0.59153=0 14d 7.8¢14 +2.5¢10 +0.6¢p13 +0.8¢p15 -2.34453=0
15d 4.26¢15 +0.63¢p11 +0.8¢p1s +0.7¢16-0.5910s=0 16d 6.4¢p1s +2.5¢p12 +0.7¢15-2.34405=0

1. kat diigiimleri

2. kat diigiimleri

3. kat
diigiimler

—y

kat icin yatay denge drnek olarak yazilmigtir.

F

2

3-0.63
3.2 3.2

3 6 0.63 6-2.5
_—((Ps +Q,+ 0, +(Pn) ((ps TP+ P +(|)12)+ —(u3 _uz)+2_(u3 _uz)

3- 063 3 2.5 6-0.63 6-2.5
I ((Pg J"(Pm) + ((Pn +(P15) ((Pw +Q,+Q,+ (Pw) + 237('13 _uz)"_zﬁ(ua _uz)

V-V, [0591((p5+}p/+(p7+%) 2.304(q, + 97+, + o)+ 3.668, - 3.668, |
+ 0591 @+ + ¢ + 0,1+ 238491 +0,, + 7 +,) |- 3.668u, +3.668u, | =0
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BOLUM 5 (MBY-ZTAHY)

Vo3 Vio1s Viris Vi2.16
T 1
F2 Ji wJ- 11J_ 12J_

Vos Vios Vi Vizg
Diigiimlerdeki moment dengesi ve kat yatay denge denklemleri yazilarak asagidaki gibi rijitlik matris olusturulur.
(01 (03 Q7 (03] (OF] @10 on 012 Q13 014 Q15 O16 U1 u2 us
346 | 06 | 0 | O |063] 0 | O | O | O | 0O | 0 | O |0216/-0591 0 |
5 |06(11,8/08| 0 [0 |25] 0 | 0|0/ 0| 0| O [0844]234 0 |§
£/ 0 |08/526|07| 0| 0 |063/ 0 | 0| 0| 0| 0 |0216059 0 |2
S| 0o fo7[104][ 00 o [25[0/07]0] 0 (0844]2344] 0 |2
s (063 0 | 0 | 0 |372(06| 0 | 0 |063] 0 | 0 | 0 [0591] 0 |-0591 8§
£]0 25|00 [06[128/08| 0 [0 [25| 0 | 0 2344 0 |2,344] §
§ /0 |0 /063 0 | 0 |08/5562/07| 0 | 0 |063] 0 |0591] 0 |-0591<
5/ 00025/ 0 |0 [07 1400/ 0|25]|2344 0 |23448
2 [ 0| 0| 0] 01063/ 0| 0| 0 |246/06| 0 | 0 [ 0 [0591-0591%
=/ 0|00 /[0 0 [25[0 /|0 |06[78|08| 0| 0 (23442344 %
< | 0| 0|0/ 0] 0] O0063/ 0| 0 |08]/42/|07]| 0 |0591/0591]<
0 /0|0 /|00 | 0] 0|25 0|0 [07]|64]| 0 [23442344
0,216/0,844/0,216|0,8440,591/2,344/10,591(2,344| 0 | 0 | 0 | 0 |5543|-3,668/ 0
S |0,591)-2,344|-0591-2,344 0 | 0 | 0 | 0 |0,591/2,344|0,5912,344|-3,668|7,336 |-3,668| k=
0 | 0| 0| 0 |0591-2344/-0,591]-2,344.-0,591]-2,344/-0,591|-2,344] 0 |-3,668|3,668

0,302[-0,017/ 0,003 |0,000|-0,055| 0,007 |-0,001| 0,000 | 0,015 |-0,003| 0,001 | 0,000
-0,017|0,091/-0,015/0,001| 0,007 |-0,020| 0,005 |-0,001|-0,003(0,007| -0,002 | 0,000
0,003/-0,015/0,197 |-0,015/-0,001 0,005 |-0,024| 0,005 | 0,001 |-0,002| 0,004 |-0,003
0,000(0,001/-0,015/0,103| 0,000 |-0,001 | 0,005 |-0,025 | 0,000 | 0,000| -0,003 | 0,010
-0,055|0,007|-0,001|0,000| 0,294 |-0,018|0,003 | 0,000 |-0,078(0,012| -0,003 | 0,000
Fku=kijtik Ugepiasman k1 [0,007]:0,020]0,005 -0,001|-0,018 | 0,090 |-0,015| 0,001 | 0,012 |-0,030| 0,008 | -0,001
F=IK22 —Ka1 [KyKi2 llu " |0,001]0,005]-0,024|0,005| 0,003 |-0,015|0,192]-0,015]-0,003]0,008] -0,031 | 0,009
0,000-0,001/ 0,005 |-0,025| 0,000 | 0,001 |-0,015| 0,103 | 0,000 |-0,001| 0,009 |-0,041
0,015[-0,003/ 0,001 |0,000-0,078| 0,012 |-0,003| 0,000 | 0,436 |-0,038| 0,008 |-0,001
-0,003|0,007|-0,002|0,000| 0,012 |-0,030| 0,008 |-0,001|-0,038|0,144| -0,029 | 0,004
0,001 -0,002| 0,004 |-0,003|-0,003| 0,008 |-0,031| 0,009 | 0,008 |-0,029| 0,250 |-0,031
0,000(0,000/-0,003/0,010| 0,000 |-0,001 | 0,009 |-0,041|-0,001|0,004| -0,031 | 0,176

0,034 10,030/0,027{0,028|0,127| 0,180 |0,049/0,215-0,018/-0,058/0,018|-0,086 1,092) -0,509 |-0,692
Ky K1 = -0,139-0,183(-0,058[-0,213]-0,002(-0,022 0,012/-0,037] 0,169 0,293 |0,020]0,379]| K21Kii K= |.0,509] 2,728 |-1,552
" [0,016 [0,027]-0,001/0,034]-0,115[-0,1311-0,066]-0,142]-0,151]-0,243}-0,033/.0,307 -0,692| -1,552 [ 2,147

55643 -3.668 O
-3.668 7.336 —3.668
0 -3.668 3.668

-1
[KI=EHKg2 —Ka1K11 Kiz ]

| 192296,8944 -136473,552 29888,784
[K]=EMK,, K, K;' K, 1=43200 =| -136473,552 199055,6208 -91397,808

1092 D09 0892 | | oone 780 -91397,808 657217584
_|.0,509 2,728 1,552 S '

0,692 -1,552 2,147 |
192296,8944-46.38° -136473,552 29888,784 o, =12.93

detlK —Mo’ ] — -136473,552 199055,6208-46.38° -91397,808 =| w,=44.34 |rad/sn
29888,784 -91397,808 65721,7584-46.380° o, =87.88
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BOLUM 5 (MBY-ZTAHY)

KESME CERCEVESi OLARAK COzUM

0.3.0.6'),(0.60.3"
1.katK,,, =128 _12:3210 (2( )+2( )}81000

kesme h;} 43 . 1 2 Lo 1 2

giiclii eksen o Zayif eksen O

o 320 | o

giiclii eksen o Zayif eksen O

o[(0.3-0.6°) , (0.6-0.3°
2.ve 3.kat K —125':‘2'32-10(2( T )*2( T ):|=158203

LS. —3K, 4 0
[K]=| -k, Sy 2K~k

i 0 —> K, ur YKy r

81000-+158203.2 =239203.2 —158203.2 0
[K] = —158203.2 2.158203.2 =316406.4 —158203.2

i 0 —158203.2 158203.2

det{K-Mo? ]
46,38 0 0 239203.2—46, 38’ —158203.2 0
m= 0 46,38 0 det [K—M(oz]z —158203.2 316406.4—46,38¢° —158203.2
0 0 46,38 | 0 —158203.2 158203.2—-46,380°

KUTLE MATRIsi

|det=—99768.2° +1.53549x10° »* —5.26543x10" o’ +2.02729x10" =0

Acisal hizlar, frekanslar, periyotlar ve modlar

Kat o (rad]s) T=2nlw (s) 1.mod {¢n} 2.mod {¢2} | 3.mod {¢s}

o1==+12.93 T:=0.486 | _ 1 = 0.045 | - 1 |~ [0104) _ 1 |= 0.094
2 o=t 4430] § [ To=014 £11.893|E °[ 0.085 | £ 0,559 E =[oose £ |-1,117|E | 0108
3 | 3=+ 87.88 T15=0.07 2468\~ | 0.111 -0,833|~ [0.085 0451| | 00%
Kat| o (rad/s) T=2nlo (s) 1.mod {dn} 2.mod {2} | 3.mod {¢a}
1 | o= +20.97 ] =030 | 1 |~ | 0063 | 5| 1 | 010 | 1 |~ | 0073
2 | 2=+65.97| | T2=0.10 g 1,893 | ~| 0.087 *ZE 0,559 | £ =|0-026 g A 17(E = 0105
3 |@s=+102.89] — | Ts=0.06 2,468~ | 0.100 0,833/ 0099 ~ |0,461|F | 00%

Egilme ve kesme cercevesinin dinamik dzelliklerinin karsilastiriimasi asagidaki tabloda yapilmistir.

Mod sekilleri ve dogal titresim periyotlari bulunduktan sonra her bir mod igin diigiim noktasi sekildegistirme
degerlerinin bulunmasi gerekir. Bu durumda herhangi bir n’inci mod icin, modal katki carpani, genellestirilmis modal
kiitle ve etkin modal kiitlesi sirasiyla asagidaki gibi bulunur.

Normal Modlar M =Zmi¢i2 (m) & :[z[miq)i ]—I2 2018

(I)] (I)z (I)g U.95§mi M (1.mod ) M2 (2.mod) | M3 (3.mod) |.2,1 (1.mod) LZ,Z (2.mod) |.2,3 (3.mod) U-U3i§mi

1 1 1 {46,38x3)10.95 = 495 61823 ”‘“2:36056_"2

1893 | 0559 | -1117 | 132,20 |es3sre 19932 93 | 114 ypgag; .y geq, | 1134 | 240 | 008
0,833 | 0,451 4687 2.468]1 .
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