YAP| STATIGI 2-HIPERSTATIK SISTEMLER
DEPLASMAN METODLARI(2-4)

Prof. Dr. Cengiz Dundar

1/69



ORNEK 1

Mtl lMt FSt 4t/m

Yyvvyvy HF‘!H’VLVL\

| i
1 2 | 3 A4
|

3m | 3m | 4m

r|w r|‘ r|w

1. Ankastrelik momentleri

2 2
M12=—M21=—PL=6*10*9=20tm

9
PL 158
M23 = _M32 - 8 - 8 == 15 tm
ql?> 4 * 62
M34 == 8 == 8 == 18 tm
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10 tl lIOt llSt 4 t/m

YYvvyvy HF#V\HN\NVM

1 %2 | 3 | - A4

' 3m | 3m | 3m | 4m | 4m | 6m ‘!
) T 1 T T T !
2. Dagitma sayilari
AEI
m3g 5 0.111
Ty = S A — 0.47
LT m2l +m23 T AEL 4AEIT 0111+ 0125
2 2 9 + 8
AEI
mjg < 0.125
rys = e _-___8 __ = 0.53
2T m2l +m23 T AEL 4El T 0.111+0.125
2 2 9 + 3

Zr = 1olmali - 047 +053=1
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IOtl lIOt lISt 4t/m

YYvvyvy HF#V\HN\NVM

1 2 3 1 A4

| 3m | 3m | 3m | 4m | 4m | 6m ‘!
) i) T T T T !
2. Dagitma sayilari
4E]
m3g 5 0.125
r3p = =8 = 0.50
27 m32 +m3% T AEL  3El T 0.125+0.125
3 3 3 + 3
3EI
m3g — 0.125
Yo, = 3 = 6 = = 0.50
T m32 +m3: T AEL  3El T 0.125+0.125
3 3 3 + 3

ZT =1olmali - 050+050=1 +
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3. Dengeleme

1/2 1/2 0
7 Y2 0.47 | 053 | += | 050|050 O, 4
A1 | %2 | %3 | %
Fark momentin biyulk

20.0 -20.0 | 15.0 -15.0| 18.0 oldugu digimden
1.18 — 235| 265 — 1.33 baslanir

-1.09 «— -2.17| -2.17
0.26 — 0.51| 0.58 — 0.29

-0.08 «— -0.15| -0.15
0.02 — 0.04| 0.05 — 0.03

-0.01 «— -0.02| -0.02
21.46 -17.10| 17.11 -15.68| 15.66

2 digum noktasinin kilidini ¢é6zelim M; + M, =0 -» —-M;, =M; - M, = —-20+15=-5tm
—(=5.0) %047 =235tm — (-5.0)*0.53 =2.65tm
3 dugim noktasinin kilidini ¢cozlip 2 digim noktasini kilitleyelim
M;+M,=0 - —M,=M;, - My =—-154+18+4+1.33 =4.33tm
—(4.33%0.50) = -2.17tm —(4.33)*0.50 =-2.17tm
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3. Dengeleme

1/2

] Y2 0.47 053 | += [050|0.50| O,
7
20.0 -20.0 | 15.0 -15.0| 18.0
118  «——  2.35| 265 — 133

1.09 «— -2.17| -2.17
0.26 « 051| 058 — 0.29

-0.08 «— -0.15| -0.15
0.02 «— 004| 005 — 003

0.01 «— -0.02| -0.02
21.46 -17.10] 17.11  -15.68] 15.66

3 digim noktasinin kilitleyip 2 digim noktasinin kilidini ¢cozelim
M, = —1.09 tm
—(—-1.09%047) =051tm —(-1.09)«0.53 =0.58tm
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3. Dengeleme

1/2

] Y2 0.47 053 | += [050|0.50| O,
7
20.0 -20.0 | 15.0 -15.0| 18.0
118  «——  2.35| 265 — 133

1.09 «— -2.17| -2.17
0.26 « 051| 058 — 0.29

-0.08 «— -0.15| -0.15
0.02 «— 004| 005 — 003

0.01 «— -0.02| -0.02
21.46 -17.10] 17.11  -15.68] 15.66

3 digim noktasinin kilidini ¢coztp 2 dugim noktasini kilitleyelim

Ms = 0.29tm
—(0.29 % 0.50) = —0.15tm  — (0.29) % 0.50 = —0.15 tm
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3. Dengeleme

1/2

% 2 047|053 | += |050[050| O
7
1 | A7 3 Al
20.0 -20.0 | 15.0 -15.0| 18.0
1.18 «—  235| 265 — 1.33

1.09 «—— 217 -2.17
0.26 «—— 051 058 — 0.29

-0.08 «— -0.15| -0.15
0.02 «— 004| 005 — 0.03

0.01 «— -0.02| -0.02
21.46 -17.10[ 1711  -15.68] 15.66

4. Superpozisyon yaparak cubuk u¢ momentlerinin hesabi

My, = 20.0 + 1.18 + 0.26 + 0.02 = 21.46 tm
M,, = —20.0 4+ 2.35 + 0.51 + 0.04 = —17.10 tm
M,s; = 15 + 2.65 — 1.09 + 0.58 — 0.08 + 0.05 — 0.01 = 17.11 tm
Ms, = —15.0 + 1.33 — 2.17 + 0.29 — 0.15 + 0.03 — 0.02 = —15.68 tm
Ms, = 18.0 — 2.17 — 0.15 — 0.02 = 15.66 tm
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3. Dengeleme

1/2
% 12 0.47|053| += |050]050| O
1 2 | 3 4
20.0 -20.0 | 15.0 -15.0| 18.0
1.18 — 235| 265 — 133
-1.09 «— -2.17| -2.17
0.26 — 0.51| 0.58 — 0.29
-0.08 «— -0.15| -0.15
0.02 — 0.04| 0.05 — 0.03
-0.01 «<— -0.02| -0.02
21.46 -17.10| 17.11 -15.68| 15.66
5. 2ve 3 nolu digim noktalarinin donmeleri hesabi
235+ 051+0.04 25 6.52 2.654+0.58+0.05 3.28 6.52
2 = = = r 92 = = = rd \/
ms; 4El  EI m?23 4E1 ~ EI
26, — 26, —
9 8
=217 - 0.15—-0.02 =234 —4.68 1. —2.17 - 0.15 - 0.02 _ —234 —4.68 g
3= 32 ~T4E] T g1 4737 3 ~"3El _ EI |
363 T 393 T
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4. Donusturme

17.10 tm 15.68 tm p 0 tm
) @)@
21.46 tm 17.11 tm 15.66 tm

7. Kesme kuvvetleri hesabi

M;; + Mj; 21.46 — 17.10 21.46 — 17.10
Tisag = Toyj +——— =10+ 5 = 1048t Ty = —10 + 5 = —952¢
17.11 — 15.68
Tysaz = 7-5 + - =7.5+40.18 = 7.68 ¢
17.11-15.68 15.66

Tasor = —7.5 + = —75+018 = =7.32t Tygqy =12+ =14.62¢

15.66
Tysor = —12+——=—9.381¢
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5. Kesme kuvveti ve moment diyagramlan

10 tl lIOt FS t 4t/m
Z \H\HHHHHHH#V‘HI#V#VM 4
1 | 2 | 3 ,
7 7 % 17.10 — 15.68 B
L3m 3m Je3m | 4m _ 4m | 6m , o 2 +15.68 = 16.39
M —5*8 16.39 = 13.61t
*kx Vo ox= — . = . m
10.4 Jep 1462
+ 0.48 + ) 2.34m
=3 66m\ Kesme Kuvveti Diyagrami
] ) ] 9.38
9.52 7.32 14.62 9.38
/\R \\\\\\\ 15.68 X 6—x
D 12/8
i - 16.391 Ko---dy /¢
\ PL/4 /\ _I_T — Moment Diyagrami
\/ x ¥ 10,95* ** kxxk M, o= l *9.38 % 2.34 = 10.95 tm
9.99%** 11.43 2
13.59%**
* M= —21.46 + 1048 * 3 + 0.48 * 3 = 11.42 tm *x M = —21.46 +10.48 3 = 9.98tm
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=

|

Tarif no

k

10t 10t 15t
. 3m | 3m | 3m | 4m | 4m | |
*** CROSS-YONTEMI #**%%1994
Prof.Dr. Cengiz DUNDAR Ars.Gor. Bulent SAHIN
3 ACIKLIKLI SUREKLI KIRIS
VERTI DEGERLERTI:
ELEMARN BOY ATALET MOM DAGITMA KATS
1 9.00 1.808 e.008
8.471
2 2.00 1.800 ©.529
e.508
3 6.08 1.800 ©.500
1.0060

YUKLEME NO= 1
ITERASYON SAYISI=16@
ELEMAN

1

TARIF NO
1
2

ANKAS ., UC MOM.,

-28.88
208.68

-15.080
15.@e

-12.080
12.6@8

BAS.KI.KESME K.

-18.00
16.060

-7.508
7.50

-12.00
12.00

Eleman no
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HESAPLANAN

ELEMAN
1

Xmax(1i ucundan)=

TARIF

1
2

DEGERLER:

*FEELEMAN uc

NO MOMENT

-21.445
17.182

-17.182
15.685

-15.685
@.000

3.000

1INCI ELEMAN ACIKLIK MOMENTI=

Xmax (i ucundan)=

4,000

2INCI ELEMAN ACIKLIK MOMENTI=

Xmax(1i ucundan)=

3.654

3INCI ELEMAN ACIKLIK MOMENTI=

KUVvVETLER

KESME KUVVETI

-18.483
9.517

-7.677
7.323

-14.614

9.386

1@.e00

13.606

11.@12
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161 2 t/m
11 } W T VT T T3
j 41 31
31
4
T T T
4 m 4m 6 m
le s L sl -]

1. Ankastrelik Momentler

Pl
_M21 — M12 — ? — 163:(8 — 16 tm

qgl? 2x6?
My, = —M,, = = = 6 tm

3m
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16t

O . 2 t/m
Dagitma Sayilar gl | S e e TR
41 31
- 4E(41)
r — mZBz — 8 — 0 25 N 31 I 3m
21 m3¢ +m2¢ +m3d 415%41) N 4Eg3l) N 4Eg31)
4 5
= &
: 4m | 4m | 6m .
4E(3]) ’ ’ ; "
_ 6 _
23 = 2R D) , 4E(3D , 4EG3D) 0.25 - oxr=1
8 6 3
4E(3])
_ 3 _
2¢ = 2R L 4EGD_ 4EG3D) 0.50 )
8 6 3
4E(31) .
_ 6 _
32 = 2R3 , 3E(D 0.667
6 3
- Yr=1
3E(D)
_ 3 _
f3s =Z3E@D  3EQ) oS
6 '3 -
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-

Fark momentin blyuk
oldugu digimden
baslanir

3. Cross Dengelemeleri

(21) (23) (32)
4 1/2 «e— 0.25 (24) 0.25 :UZ 0.667 | (35)
a 0.50 0.333
16.00 -16.00| 0 0] 6.00 -6.00
1.25 «<— 250 5.00 2.50 —_ 1.25
1.59 <« 3.17 | 1.59
-0.20 <— -0.40 -0.79 -0.40 —>  -0.20
0.07 <— 0.13 | 0.07
-0.01 «— -0.02 -0.03 -0.02 —>  -0.01
— e = 1
17.04 -13.92 4.18 9.74 1.66
2.50
-0.40
-0.02
2.08

-6+1.25=-4.75
-(-4.75)%0.667=3.17
(-4.75)%0.333=1.59
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4. Déniuistiime

----- ) () (=) ()
17.04 1392 &, 974 .66 g,
4187 1.66 ¢~
!
~ 2.08
RSN SN
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5. Moment Diyagrami

17.04
? 9.74
\E . \ ) 166
g \_/ - 4'18\_‘;/ -
16.52 I\{MKZIT.ZS
8.39 2 08 H+

1?.[14@&—

-

53. 7 N
67 m

y M=16.52 tm 7.35
m
) y 0.74 QT—") M=15.26 tm

6. Uc Kesme Kuvvetlerin Hesab1

17.04 — 13.92
T, = 8+ - =839t

T,, = —8+0.39=—761t

9.74 — 1.66
ng =6+ 6 — 7.35 t

Tay = —6 + 1.35 = —4.65 t

M= -9.74+7.35%3.67=17.23 tm
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6. Kesme kuvveti diyagrami

NAANNNN,

8.39 7.35
+ +
4.65
7.61
+ 1 2.08
TN

0.55

(1)
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21 cubugu

0. — 250 125 040 _ 0.2 ~0.02 _ —0.01
ﬂz_m“_ El ’ 2EI  EI ’ 2EI  EI
282
g 4EL _ 4E(4D) _ 5py 21) | 23) (32)
L 8 9] V2<— [0.25 (24) 025| —> 12 Jose7] (35)
7 0.50 [0333]
0 125 02 001 1.04 1]6;‘10 -16.00 | © o0 0 f-gg 'f-gg
2 — — — = 25 «— 250 5. 2. — 2
EI EI EI El 1.59 -— 3.17 | 1.59
020 <«— 040 | -079 |-040 —> -020
007 <€— 0.13 | 0.07
—_— #
250 — 0.4 —0.02 1.04 17.04 13.92 4.18 9.74 1.66
0, = — 2.50
2EI El 040
0.02
2.08
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21 cubugu

2.50 1.25 —0.40 —0.2 —0.02 —0.01
ﬂez — 21 — r = 4 —
m3g,  EI 2El EI 2EI EI
EI E(4l
4EL_ 2EGD _ op
L
12 |—(21) (24) —|(23) par Vi |—(32) (
1 /2 €— 0.25 0.25 — 0.667| (35)
e _ 1.25 0.2 0.01 _ 1.04 ] 0.50 0.333
2 — — — — — |
El EI El El 16.00 -16.00 | 0 ol 6.00 -6.00
125 <«— 250 5.00 250 —> 125
159 <«— 3.17 | 159
020  <«— -040 079 |-040 — -020
23 cubugu 007 <— 013 |0.07
~ - 001 <€<— -002]| -003 |-002 — .00l
0 250 —-0.4 —0.02 1.04 17.04 -13.92 4.18 9.74 1.66
5 = = 2.50
2EI El -0.40
-0.02
2.08

24 cubugu

_ 5.0-0.79-0.03 1.045

2 AE]

32 cubugu

EI

5 ~ 3.17+0.13 165
3 2EI ~EI
35 cubugu
- 1.59+0.07 166
3 El ~ EI
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FEECROSS-YONTEMI #*%%1994

Prof.Dr. Cengiz DUNDAR Ars.Gor. Bulent SAHIN
UYGULAMA 1

VERTI DEGERLERTI:

ELEMAN BOY ATALET MOM DAGITMA KATS
Tarif no
1 2.00 4.000 0.000
9.250 ‘/// 16t 3 2 t/m A
2 6.00 3.000 0.250 l
Ejlﬁﬁ? 'ﬂl 2"!{ b ‘L i '!L W k 7 *
3 3.00 3.000 0.500 ? 1 A1 5 2 | 31
0.000 K\\\
a 3.00 1.000 9.333 Eleman no
1.000
31 I 3m
YUKLEME NO= 1 3 4
ITERASYON SAYISI=10
ELEMAN TARIF NO ANKAS .UC MOM. BAS.KI.I
1 1 -16.00 -8.00 6 8
2 16.00 2.00 —— b,
5 4m ’ 4m | 6 m
2 3 -6.00 -6.00 < > ¢ g
A 6.00 6.00
3 5 0.00 0.00
6 0.00 0.00
4 7 0.00 0.00
3 0.00 0.00
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HESAPLANAN

ELEMAN TARIF
1 1
2
2 3
il
3 5
b
4 7
8

Xmax(1 ucundan)=

DEGERLER:

MAN

NO

4,000

MOMENT

U

-17.
13.

C

e43
913

.739
.652

174
. 087

652
. 80O

1INCI ELEMAN ACIKLIK MOMENTI=

KUVVETLERTI ***

KESME KUWVETI
. 391
. 6@9

16.522

. 348
652

. 087
. 087

. 351
.551
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ORNEK- 3

2 t/m

y Vg Vo
2

-~
i

1

VIR
I

-

.

-
<—
<—

Ty

21 21 3m

>

2m 3m

"\-.l.l"
|"h. fl"\.

Ankastrelik Momentler

2
My, = —My; =3 =22 = 0,667 tm
2
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1 diigiimii

I, =

I'14

2 t/m

2 diigimii

Iaq

I23

I'ys

4
%
HEEREREEEREEREREEN
12 4'_EI 4‘_EI 1 %5," -
mlE']_ _ L _ 2 — 0 5 I = I =
12 14 ~— 4ElI 3EI — 4EI 3E(2I) — Y-
M10, 7108, L L 2 :E, ]
mig, _ 2El _ 0.5 21 21 3m
14 yml12 ~ 4E1
Inlﬂl mlﬂl
1‘12+I‘14:U.5+U.5:1 4 <
5 2m L 3m K
[ 1< 2
21 4EI 4EI
Mg, _ T _ 2 _ _ 2EI — 0375
21 2 3 25 4El 4El 3EI 4EI 4EI 3E(zI -
m3g, tmyg +msg, —+——+— e ; ) 5.333EI
1.333EIl
—— = (.25
5.333EI
2EI
——=10.375
5.333EI

Iy + 195 + 15 = 1.0
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(12) (21) (23)

(14) [ 050 S U2 o375 (25) 0.25 —> 12

0.50 0.375 E
0.667 -0.667 1.5 -1.5
-0.156 <« -0.312 -0.312 -0.208 —_—> -0.104
-0.255 -0.255 S -0.128
0.024 . 0.048 0.048 0.032 —_—> 0.016
-0.012 | -0.012 —_—> -0.006
0.002 0.002 0.0015 —> 0.000
-0.267 0.268 -1.063 -0.262 1.325 -1.588
Fark momentin biyulk
oldugu digiimden
ba$|an|r 2 —> -0.667+1.5=0.833

-0.833%0.375=-0.312
Il — 0.667-0.156 =0.511
-0.511%0.5=-0.255
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14
01

12
01

—0.267 —0.267

2EL T 9p]
L

—0.133/EI

—0.312+0.048+0.002

4EI
L

—0.312+0.048+0.002

3EI
L

—0.208+0.032+0.0015

4EI
L
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(12) (21) (23)
(14) [ 0.50 S 12 o375 (25) 0.25 —> 1/2 ¢
0.50 0.375 4%
0.667 -0.667 1.5 -1.5
— —0133/E] -0.156 -0312 -0.312 -0.208 o -0.104
-0.255 -0.255 e -0.128
0.024 <« 0.048 0.048 0.032 —_ 0.016
-0.012 | -0.012 —_—> -0.006
0.002 0.002 0.0015 —_— 0.000
-0.267 0.268 -1.063 -0.262 1.325 -1.588
= 22% — _0.131/ EI
2EI
—0267
— — _0.131/EI
2EI
—0.1745
= = _0.131/ El
1.333El



0 ) (—
_____ [;)26(% ___________________________ ]%}6(3: _______ 1325 {588
\_} \J
¥ 0.267 @0.262
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Moment diyagrami

0.267

S

1.325 1.588

+
\_ﬁzﬁz N

RR,

(M)
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Kesme kuvveti diyagrami

1.632

2.913

Sk

0.087

J

2.398

t2 e

0.087

Lo

T3.087
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FEECROSS-YONTEMI

Prof.Dr. Cengiz DUNDAR
CERCEVE
VERTI DEGERLERTI:
ELEMAN BOY ATALET MOM
1 2.00 1.000
2 3.00 1.000
3 3.080 2.000
4 3.00 2.000
YUKLEME NO= 1
ITERASYON SAYISI=10
ELEMAN TARIF NO ANKAS .UC
1 1 -0.67
2 @.67
2 3 -1.58
4 1.50
3 5 0.00
6 @.00
4 7 8.0
8 0.00

*E%1994
Ars.Gor.

Bulent SAHIN

DAGITMA KATS

[l < B T v S s B v o R e

. 500
375
. 250
. 000
. 500
. 0ae
. 375
. 000

BAS.KI.KESME K.
-2,
2.

-3.
3.

(515
(%1%

(%1%
(%1%

. 06
. 00

.08
.00

5

3m

2 t/m ;
kv v by v iyl yp ]
1 1|1 72 3 I AT;V
\ Tarif no
21 Eleman no 21
3
A R
< 2m e 3m .
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HESAPLANAN DEGERLE R:

FEEELEMAN ucC KUVVETLERT ***

ELEMAN TARIF NO MOMENT KESME KUWVETI
1 1 -0.268 -1.682
2 1.063 2,398
2 3 -1.325 -2.913
4 1.587 3.a87
3 5 0.268 0.089
6 0.000 0.089
4 7 @.262 0.a87
8 @.000 @.087
Xmax(1 ucundan)= 9.801
1TNCT ELEMAN ACIKLIK MOMENTI= @.374
Xmax(i ucundan)= 1.456
2INCI ELEMAN ACIKLIK MOMENTI= @.796
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KONSOLLU SISTEMLER

l

q

by by 1l

b4l

1
ik

Dok

\

6

D0
q
| T 1111
43 ’ 5
1 2

3ET

—43

m494 _ L

— M
My =Mz +—+ Mys

2

i

M, q
C l IR TR
4 5 6
1 2 3

My = My, + Mys

M q

C9 l PITTIT I T 10T
%%>3 4 5
70

\
e
%
_



UYGULAMA 1

2t q=2t/m 2t
BRI B
IA " 2 ‘
_ | m g=3 t/m -
- it il e
. n
T
m:le am
e 5m Je 6m .
| || |
Cross metodunu kullanarak M N T diyagramlarini giziniz.
7 : y T I T %
31 J 1 } ]| // 4 1 /
_ . A .
> 3x6% 2 4 C2
M34__M43_C§~2 - 12 =9tm M21:—%:—2 85 = —6.25tm
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C LT IIT), 3 .
%// i g=3 t/m am
33sc plitll L LI |
q Ei REREED n B3
:LSI 4m
W v
m 6m
- 2 f— g 5.25/;=2.62
.
1. Ankastrelik u¢ momentleri: >-25 C % 2 % D
g=3 t/m T g2m | 6.25
, - . 7
sZI I I 1 111, JIENNINIINENEEE
é é A 21
[2 3x62 — 2 . 2
M34_—M43=?12= ——=9tm MZl——%:—ZSS = —6.25tm
+2.62
= 23.63
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2. Dagitma sayilar :

m21 E
. 20, . 5 . . .
o1 = e s T3E 4Bl 06410 0000
26, 20, = + 7
33 T
— 2 — _ —
23 =3 a1 T 4Bl 3EL 1.0+ 06 0.625
Zr — 1 olmali — 0375 +0.625 =1
5.25 q=2 t/m 5 55
C U T IS
_______ T
. b Lm
3.38 I .
— 7
¢ 3 3| o
:1.5| 4dm
I5
7
|= Em L 6m =!

4El
_ 4 _
32 = 2E] 4E3[ 4E15 - 0.222
7 6 )
4E3]
_ 6 _
34 = 2E] | 4E3I 4ELSI ™ 0.445
7 6 )
4E1.5]
_ 6 _
35 = 1E] | 4E3I 4ELSI 0.333
) 6 )

Zr =1 olmali » 0.222 +0.445+0.333 =1
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3. Dengeleme: 038 002 040 066
eh || &3 7 mZy mZ}  06El  EI
1 0.375 | 0.625
— T e 5 __ 062 002 06t
%// 27 ]-0.62 ' 2T mZ m2. El
-0.38 |-0.62 2 2
Fark momentin biyulk 0.04 3 dugimu
oldugu digiimden -0.02 —3.38+9 = 5.62
(3-2) (3_5) (3_4) _5.62 * 0.222 — _1.25
- —
, | 0-222 | 0335 | 0.445 % —5.62%0.335=—1.88
_ 5.62 * 0.445 = —2.50
13.38 - - +9.00 -9.00 2 digami
125 -1.88 -2.50 “1.25
o _ 1.88 . 010 178  1.18 031 —3.63+525—-0.62=1.0
Tom33  m3)  L5EI El 007 0.0 0.14 0.07 -1.0 ¥ 0.375 = —0.38
1.0 % 0.625 = —0.62
1.25 0.07 1.18 3. 1. 1.77 64 -10.1 e
g, = - 125, 00 =_F\/ 3.38 50 6.6 0.18 3 digim
M30; 365 v -(—0.31) * 0.222 = 0.07
-0.94 - 222 =0.
25 014 236 _ 118 +0.05 (—0.31) * 0.335 = 0.10
Y= @ T3 T ToE T T E 589
m3s  mig, -0.89 (-031) x0445 =014 o



4. Moment diyagrami:
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5. Kesme kuvveti diyagrami:

5.247  4.753

— x = 2.6235
X 5—x

5.247

1
Mynax = —5.25 +52.6235  5.247 = 1.633 tm

8412 9.588

X 6—Xx

- x = 2.804m

0.662

5

Mmax

1
—6.646 + 52.804 * 8.412 = 5.147 tm
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FEECROSS-YONTEMI #*%%1994

Prof.Dr. Cengiz DUNDAR Ars.Gor. Bulent SAHIN
KONSOLLU CERCEVE 5.25 q=2t/m
VERI DEGERLERTI: C lluul )5-25
ELEMAN BOY ATALET MOM DAGITMA KATS %1 T _1_ I~ T 2 3l
) I : 2 g=3 t/m am
1 5.00 1.000 1.000 %
1000 T 33gc ol Ll 1l | 1] ”% l
' [ I I A
2 4.00 1.000 0.625 Eleman no 7 ! 5 31| 3 6 /,,-—;
9.222 4 1151 T 4m
3 6.00 3.000 0.444 !
0.000 8| Tarif no
4 4.00 1.500 2.333 77 i

6m
YUKLEME NO= 1 > > m h— >

ITERASYON SAYISI=1@

ELEMAN TARIF NO ANKAS . UC MOM. BAS.KI.KESME K.
1 1 1.8 -5.08
2 -1.88 5.00
2 3 0.00 .00
4 @.e0 @.ee
3 5 -5.62 -9.00
6 9.00 S.00
4 7 0.00 .00
3 .00 .00
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HESAPLANAN

FEEELEMAN

ELEMAN TARIF
1 1
2
2 3
£
3 5
6
4 7
8

Xmax(1 ucundan)=

NO

2.624

ucC

MOMENT
-5.250
4.014

1.236
1.501

-6.646
1@.177

1.765
@.883

1INCI ELEMAN ACIKLIK MOMENTI=

Xmax (i ucundan)=

2.804

3INCI ELEMAN ACIKLIK MOMENTI=

DEGERLER:

KUVVETLERTI ***

KESME KUVVETI
-5.247
4.753

0.684
0.684

-8.412
9.588

@.662

@.662

1.633

5.146
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ELASTIK MESNETLI SISTEMLER

3 4—
1,
M
1, I |h 5 =Re0=1 my =M=Rg
v, v
!,z Ry, = 4EI %ﬁzRgz = 3EI
L 4E1
I< :I . m%gl 7 1
13 — /
3 I 47 migl T m%gh Al + 4E1
2
l, 1 o mip AEI
11 — ’
1 . mig, +mig, 2y g
W»/ Ro, = 4EI ” %_!ﬁ Ry, = 3EI .
31 _
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31
m393 - h
4—
4E],
. maa h
Il | 24 mag +mis Al gp,
2 v 22! 3EI
, Rg, = 3EI 26,
2 T 2 V22! = 54 227 — 4E]
0 mjg, + Mg =+ 3EI
3
]
4E1
42 _ 3
m4‘64 - h
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Cubuklari yatay ile a¢1 yapan sistemler:

)
N\%A CV A a1 -
|‘ »
2
q aq
My =My =122
34 43 122
q a;
My = -—-M)c =——
43 45 12
1
o 2 AEI, AEI
T 0 34 _ 71 45 __
al - 7 az ‘| m393 — L1 m4934 - L2
g l

Ankastrelik momentleri hesaplanirken yatay mesafe alinir. Birim deplasman sabitleri
hesaplanirken cubuk boyu géz ontine alinir.
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SIMETRIK VE ANTIMETRIK SISTEMLER

1. Simetri ekseni lizerinde kolon bulunan sistemler
1.1  Simetrik yik hali

N S DS B N

NN

1 G
0 8 D

1.2 Antimetrik yukleme hali
S | "]

E Pj PJ = 1,/2

D77 D% D7 iz %

G D77
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2. Simetri ekseni tizerinde kolon veya diiglim noktasi bulunmayan elemanlar

2.1 Simetrik yik hali

I U T LY I

46/69



3. Gelisi glizel yuklii simetrik sistemler

"1

V777, T,

lelz Pll/Z p3Y2 +
sz PJZ Pj/ 2

G

%
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UYGULAMA 2

|
1 2 2 , 3 4
2 2. Ry, = 0.8EI

1
10 m 0 8 m P
Vl‘

Simetri ekseni

g=2t/m

1 %// 2 ; %%

10 m L | <
Vl hal

3
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Simetri ekseni

. g=2t/m

ﬁ [ T T T T0T [ 1 %
] ] L ' /1//5///2 L /l}/% 3 ! a ‘a
1. Ankastrelik momentleri: Ro, = 0.8EI o Ry, = 0.8EI
% 10 m 0 8 m J- 10 m J
2 * 1072 2 * 82
MIZ == _M21 = 12 = 1667 tm MZS == _Mgz == 12 == 1067 tm
2 x 102
M34 == _M43 == 12 == 1667 tm
2. Dagitma sayilari:
4E]
0.8E1 = 0.667 10 = 0.333
T’ = AE] — "2 = AE]
0.8El + =+ 0 0.8El + =+ q0
4E1 2E1
_ 10 _ _ 8 _
10 8 10 8

1

Simetri 6zelliginden yarisi alinir 49/69




Simetri ekseni

. q=2t/m

3. Cross dengelemesi: % [ 1 11 | | | %
1’ 1 27/4%2 | "47/4%3 I 4 ¥
(1-1") (1-2) 1 (2-1) (2-3) Rg, = 0.8EI :
JQ B 8&m e 10 m |
0.667 | 0.333 — 0.615 1 0.385 ! ! L
16.67 -16.67| 10.67
-11.12| -5.65 — -2.78
2.70 -« 5.40| 3.38
-1.80| -0.90 - -0.45
0.14 N 0.28| 0.17
-0.09| -0.05| —* -0.03
-13.01] 13.01 0.02 0.01 4. Moment diyagrami:
-14.23| 14.23
14.23 14.23 13.01
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UYGULAMA 3 Simetri ekseni

|
:q=2 t/m
|
llllllll:llllll |
T 5t 3 '3] 5t
|
2m l 2 / | 30 l
A ) I
|
| 1.51 1.51 |
4m
1
Ry, = 4EI Ry = 4EI
v 1’ % 0 'W‘: 0 B
2m] 6m P 6m 6m Jo2m)|
= - 0 M
1. Ankastrelik momentleri:
2 % 62 2 % 62
M,z = —-M;, = 7 =6tm M3y = My BEVE =6tm Mzkonsol =—-2x5=-10tm
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2. Birim deplasman sabitleri

., AEI AEI o ;i A4EI AEI s 4El AE3[
mig, = ——=——=El myj =4E mij =——=——=El mfj =—=— =19EI
,  2E3I 4E1.51
m3s. = 1L9EI m35 = —— =l m3s = — =EI
2. Dagitma sayilari
4E]
2= = 020 Ty = =080 mptriy=1- 0204080 =10 v
0.35 1.9E1 0.65 + 1 0.35 + 0.65 = 1.0V
— — . — p— . pr— - . . pr— .
21 = EI ¥ 1.9E] 23 T Er 1 1.9E] 217 723
= 19 EI = 0.50 = E1 = 0.25 =0.25 + +1r2a=1
"2 T 9EI+EI+EI "33 TIOEI+EI+ EI 0 TV 32 T 733" T 134 =
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(3-3')

o
3. Cross dengelemesi @ o 1025
o ‘%'% 0.25
o 6.00 6.00
(2-1)
1.30
0.35 / 0.65 | -0.33 |-0.32
-10.00 | 6.00 0.10
1.40 | 2.60 / -0.05 |-0.025 | -0.025
-0.33 0.71 | 0.35 [-0.35
0.12 | 0.21 530 0.33 | 5.65
-0.02
0.01 | 0.01
1.52 | 8.48 1/2
(1-2) (1-1")
4-3
0.20 | 0.80 016
0.70 -0.02
-0.14| 0.56 -0.18
0.06
0.01 | 0.05
0.64 | -0.61




3. Cross dengelemesi

o
)
(2-1) @

0.35

-10.00 6.00

2.60
-0.33
0.21

1.40

0.12

-0.02
0.01
8.48

(1-1)

0.80

0.01

1.52
(1-2)

0.20

0.70

-0.14 | 0.56

(3-3')

0.25

-0.33

6.00

-0.32

-0.025

-0.025

0.06

0.01 | 0.05

0.63 1 -0.61

0.35

e

(4-3)
-0.16

-0.01

5.65

-0.17

4. DoOnusturme

5.30 %65
10.00 848(;4157) /\L
—DC .--""—) 0.35
N A
1.52 A |
| |
e 0.61 0.17 A
n
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5. Moment diyagrami

5.65 Simetri ekseni 5.65

: /5.30
|
! "/ 10.00
> T * _0.35
m : - v:
I I "f60
A | 1.52
I +
|
|
4m
+ + ﬁ 0.61
. 7 0.18 ~ 0.18 707 00
6 m k|‘ 2 m k|

6m .’. 6m

\ 4
A
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6. Kesme kuvvetlerinin hesabi

q=2t/m 5.30 tm

l : ' 1?’ Q Tkonsot = =5t

A
2%¥6 6 8.53 — 5.30

Tos =632t 632~ 020¢
2%x6 6  8.53—5.30
Ts == 632t 632 ~ >18¢
- g=2t/m
_062+148 'y [T T e
4 CB ____________________________ 3) 05 tm
5.65 tm 31 |
\—* 0.62 tm 6m T3
2%x6 5.65—5.65
Tyyr = + =6t=—-Ty4

2 6.0
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6. Kesme kuvvetlerinin hesabi 7. Normal kuvvetlerinin hesabi

0.35tm
N T34
———
—0.18 — 0.35 o2 _ 6
i Wi
| 5.00 /.)/\/,LQV
a3 ™ o Yo
0.18 tm Ny 2D 589 04+ 0524—=0 N 11.35 ¢
— — — 6. . * = = —11.
1632 76.32 6.32 32

0.52 «——

q=2t/m  530tm | 6.0 2 e _
$31, N21 N23 6.32 + 6.20 * 6.32 052 0 N23 154‘ t

2
6.32
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7. Normal kuvvetlerinin hesabi

6.00t
X
6}0 DE— l —
~ /// i N33r
,Lmﬁ‘\ ol B
/ —1—0.03 t
N34
2 6
sSina = 632 cosa = 632

N 2.26 0.00 5.20 2.00 0.03 =0.43 ¢
1= 4. * — J. — — U. = U.
33 6.32 6.32
N33I= 043t
N 6.00 — 5.20 0.00 2.26 2.00 1156t
34 6.32 6.32
Ny,= —11.56t
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Simetri ekseni
6. Kesme kuvveti diyagrami

|
6.0 t :
|

q=2t/m
N /A8 N ——
| 5t
31 + l
N 6.0t )
+ -
+ | 1.51 1.5 .
4m 052t
1 0.08 t
Ry, = AEI E Ry = 4EI
Y Y v O A %
|2m| 6m | 6m _" 6m 1 2m]
M i g | ]
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MAFSALLI SISTEMLER

IVli
C i o j%DMj 0;=1 M; =my,
% O _
’ hL |
” _ 3EI h?
] L . M0 T T 3R —3h + 1
: 2 _
9. — M; 3hc —3h +1 | 3E]
Y 3EI h? h=1lise my, =mg, = I
1—-nh
M; = M;—— 2 |
h = 3 lse My, maksimum olur.
M; 1—-nh
IV 4E1
M; h mg S —

h=1l(;l7’l [.lij=0

2. . 1 .
h=§Lgm Hij =7 h=0.5igin p; =1

h =0igin p;; = 60/69



Ak

Z )Mji . _ qL? h(6h* — 8h + 3)
) T8 3n2—3h+1
hL ' 17
L | M = qL? (1 — h)(6h? — 8h + 3)
| BT 8 3h2—-3h+1
) qL?
0zelhal h=0 M;;=0 ]\/[jl.:T
qL?
h=1 MU:? M]lz
qL?
h=20.5 Mijz_Mjiz?
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M, P
i, M; My =PL [k KhGh—I) | <
( J o— IZ ) i 2Bh2—3h+1)| =
||< hL |
k2(1 - h)(3h — k)]
B L .| = <
| | M;ji [2(3h2—3h+1)_ k=h
e pp [PA=R2 Gt2-3D)]
b 2(3h2 —=3h + 1) -
(1-k)2(1 — h)(k + 2 — 3h)
v — — — e — >
M = —PL [1 k 2(3hZ — 3h + 1) kzh
h(1 — h)3 ~ h3(1— h)

Lse ij 3h2 —3h + 1 Y 3h2 —-3h+1
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UYGULAMA 4

q=4.8 t/m

G T T,
2.5m ! 3 ! %//
rl 7

3m
. |

10 S0 v
. 5m 7 3.75m |
| g i

1. Ankastrelik momentleri:
4.8 x 52 4.8 % 3.75%
M23=_M32= =15tm M34_= =844‘tm
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UYGULAMA

q=4.8 t/m
T Ty,
2.5m I 3 I %//
rl 7
3m
|
1
19 ?/////% e
Aé 5m “A 3.75m |
) | e J
2. Dagitma sayilari: % %
21 = 3F] L] =0.625 725 =357 | BET =0.375
3 775 3 775
3E1 3EI 3EI
_ 5 _ _ 3 _ _ 3.75 _
"2 73E[ BET _BET 025 T5s = 3EI | 3EI | 3EI — 0417 135 =3 L 3EL  3ET - 0.333
5 T3 7375 5 T3 7375 5 T3 7375
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3. Cross dengelemesi:

(2-1) (2-3) . (3-2) (3-5) (3-4)
0.625 | 0.375 - |0.250]0.417]0.333

15.00 -15.00 8.44
-9.38 | -5.63 — -5.63

3.04 | <« 3.04 | 5.08 | 4.06
-1.90 | -1.14| —* -1.14

0.29| * 0.29 | 0.48 | 0.38
-0.18 | -0.11| —* -0.11

0.03| <+ 0.03 | 0.05 | 0.04
-0.02 | -0.01| — -0.01
-11.48] -11.47 -18.53| 5.61 |[12.92

4. Moment diyagrami:

18.53

12.92
\ 5.61 Mmax = 3.22tm

A 4 A
y

3m

3.75m

5m

v
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5. Kesme kuvveti diyagrami:

1059 13.41
x  5-—x
10.59 12.45 1245 555

- x = 2.206

- x =2.594m

x  3.75—x
4 A
13.41] |1.83 | 3m
3.83 1
i M, =—12.92 4+ =2.594 % 12.45 = 3.22 tm
1 : 5 max v
19 i 9 2

:5m 3.75m |
i ”

A
\4
A

1
Minay = —11.47 +52.206  10.59 = 0.22 tm

5.61
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RIJITLIK MATRISI YONTEMI ILE COZUM (SDB88 PROGRAM*)

kod nolari

3
5 0
58
2 {; ° 0
0 q=4.8 t/m 0 ‘b

o
~N

L1 NN

Ll LIl 5
3 13 4[4 A
2.5m |
i 5 I 3m
3 0
'b_,ﬁo e
5m 0% 3.75m
>«

> -
1 I

Eleman pozitif u¢ kuvvet ve deplasman yonleri
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RIJITLIK MATRISi YONTEMI iLE COZUM (SDB88 PROGRAM*)
6] DUZLEMI ICERISINDE YUKLU GENEL CERCEVELERIN STATIK HESABI

MAFSALLI CERCEVE

ELEMAN SAYISI --------- =
DEPLASMAMN SAYISI ------ =
puguM SAYISI ---------- =
ELASTISITE MODULU ----- =
YUKLEME SAYISI -------- =
KAYMA DEFORMASYONLARI IHMAL EDILIYOR

= = O oo

DUGUM X Y

1 .00 0.00

2 @.00 3.00

3 2.508 3.00

4 5.00 3.00

5 8.75 3.00

6 5.00 0.0
ELEMAN 1 J BOYU ALAN ATALET Kk OD NUMARALARTI
1 1 2 3.00 1.000 1.6000 (%] (%) 1 @ (%) 2
2 2 3 2.50 1.000 1.6000 e (%] 2 (%] 3 4
3 3 4 2.50 1.000 1.0008 e 3 5 (% e 6
4 4 5 3.75 1.000 1.6000 e (%] 6 (%] (%] 7
5 4 6 3.00 1.000 1.6000 (%] (%) 6 @ (%) 8

*Dindar, C., Kiral, E., Mengi, Y., Yapi Mekaniginde Bilgisayar Programlart,

Genisletilmis 3. Baski, Teknik Yayinevi, 1987. 68/69



YUKLEME NO = 1

MAFSALLI CERCEVE

ANKASTRELIK UC KUVWETLERI

ELEMAN Mij Mii Tij T9i N ACIKLIK M.
1 .00 -11.48 -3.83 3.83 .00
2 11.48 -9.00 10.59 1.41 .00 9.21
3 -0.00 -18.52 -1.41 13.41 .00
4 12.92 .00 12.45 5.55 .00 3.21
5 5.60 -0.00 1.87 -1.87 .00
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