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YAPI STATİĞİ 2-HİPERSTATİK SİSTEMLER
DEPLASMAN METODLARI(2-4)

Prof. Dr. Cengiz Dündar



2/69

3m 3m 3m 4m 4m 6m

1 2 3 4III

I0 t I0 t I5 t 4 t/m

1. Ankastrelik momentleri

𝑀12 = −𝑀21 =
2

9
𝑃𝐿 =

2

9
∗ 10 ∗ 9 = 20 𝑡𝑚

𝑀23 = −𝑀32 =
𝑃𝐿

8
=
15 ∗ 8

8
= 15 𝑡𝑚

𝑀34 =
𝑞𝐿2

8
=
4 ∗ 62

8
= 18 𝑡𝑚

ÖRNEK 1
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3m 3m 3m 4m 4m 6m

1 2 3 4III

I0 t I0 t I5 t 4 t/m

2. Dağıtma sayıları

𝑟21 =
𝑚2𝜃2
21

𝑚2𝜃2
21 +𝑚2𝜃2

23 =

4𝐸𝐼
9

4𝐸𝐼
9 +

4𝐸𝐼
8

=
0.111

0.111 + 0.125
= 0.47

𝑟23 =
𝑚2𝜃2
23

𝑚2𝜃2
21 +𝑚2𝜃2

23 =

4𝐸𝐼
8

4𝐸𝐼
9

+
4𝐸𝐼
8

=
0.125

0.111 + 0.125
= 0.53

෍𝑟 = 1 𝑜𝑙𝑚𝑎𝑙𝚤 → 0.47 + 0.53 = 1 √
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3m 3m 3m 4m 4m 6m

1 2 3 4III

I0 t I0 t I5 t 4 t/m

2. Dağıtma sayıları

𝑟32 =
𝑚3𝜃3
32

𝑚3𝜃3
32 +𝑚3𝜃3

34 =

4𝐸𝐼
8

4𝐸𝐼
8 +

3𝐸𝐼
6

=
0.125

0.125 + 0.125
= 0.50

𝑟34 =
𝑚3𝜃3
34

𝑚3𝜃3
32 +𝑚3𝜃3

34 =

3𝐸𝐼
6

4𝐸𝐼
8 +

3𝐸𝐼
6

=
0.125

0.125 + 0.125
= 0.50

෍𝑟 = 1 𝑜𝑙𝑚𝑎𝑙𝚤 → 0.50 + 0.50 = 1 √
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1 2 3 4III

3. Dengeleme

0.47 0.53 0.50 0.50

20.0                           -20.0      15.0             -15 .0     18.0
1.18                             2.35      2.65               1.33 

-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

1/2
1/2

0

2 düğüm noktasının kilidini çözelim   𝑀𝑖 +𝑀𝑘 = 0 → −𝑀𝑘 = 𝑀𝑖 → 𝑀2 = −20 + 15 = −5 𝑡𝑚
− −5.0 ∗ 0.47 = 2.35 𝑡𝑚 − −5.0 ∗ 0.53 = 2.65 𝑡𝑚

3 düğüm noktasının kilidini çözüp 2 düğüm noktasını kilitleyelim
𝑀𝑖 +𝑀𝑘 = 0 → −𝑀𝑘 = 𝑀𝑖 → 𝑀3 = −15 + 18 + 1.33 = 4.33 𝑡𝑚

− 4.33 ∗ 0.50 = −2.17 𝑡𝑚 − 4.33 ∗ 0.50 = −2.17 𝑡𝑚

Fark momentin büyük 
olduğu düğümden 
başlanır
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1 2 3 4III

3. Dengeleme

0.47 0.53 0.50 0.50

20.0                           -20.0      15.0             -15 .0     18.0
1.18                             2.35      2.65               1.33 

-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

1/2
1/2

0

3 düğüm noktasının kilitleyip 2 düğüm noktasının kilidini çözelim
𝑀2 = −1.09 𝑡𝑚

− −1.09 ∗ 0.47 = 0.51 𝑡𝑚 − −1.09 ∗ 0.53 = 0.58 𝑡𝑚
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1 2 3 4III

3. Dengeleme

0.47 0.53 0.50 0.50

20.0                           -20.0      15.0             -15 .0     18.0
1.18                             2.35      2.65               1.33 

-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

1/2
1/2

0

3 düğüm noktasının kilidini çözüp 2 düğüm noktasını kilitleyelim
𝑀3 = 0.29𝑡𝑚

− 0.29 ∗ 0.50 = −0.15 𝑡𝑚 − 0.29 ∗ 0.50 = −0.15 𝑡𝑚
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1 2 3 4III

3. Dengeleme

0.47 0.53 0.50 0.50

20.0                           -20.0      15.0             -15 .0     18.0
1.18                             2.35      2.65               1.33 

-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

1/2
1/2

0

4. Süperpozisyon yaparak çubuk uç momentlerinin hesabı

𝑀12 = 20.0 + 1.18 + 0.26 + 0.02 = 21.46 𝑡𝑚
𝑀21 = −20.0 + 2.35 + 0.51 + 0.04 = −17.10 𝑡𝑚

𝑀23 = 15 + 2.65 − 1.09 + 0.58 − 0.08 + 0.05 − 0.01 = 17.11 𝑡𝑚
𝑀32 = −15.0 + 1.33 − 2.17 + 0.29 − 0.15 + 0.03 − 0.02 = −15.68 𝑡𝑚

𝑀34 = 18.0 − 2.17 − 0.15 − 0.02 = 15.66 𝑡𝑚
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1 2 3 4III

3. Dengeleme

0.47 0.53 0.50 0.50

20.0                           -20.0      15.0             -15 .0     18.0
1.18                             2.35      2.65               1.33 

-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

1/2
1/2

0

5. 2 ve 3 nolu düğüm noktalarının dönmeleri hesabı

𝜃2 =
2.35 + 0.51 + 0.04

𝑚2𝜃2
21 =

2.5

4𝐸𝐼
9

=
6.52

𝐸𝐼
𝑟𝑑 𝜃2 =

2.65 + 0.58 + 0.05

𝑚2𝜃2
23 =

3.28

4𝐸𝐼
8

=
6.52

𝐸𝐼
𝑟𝑑 √

𝜃3 =
−2.17 − 0.15 − 0.02

𝑚3𝜃3
32 =

−2.34

4𝐸𝐼
8

=
−4.68

𝐸𝐼
𝑟𝑑 𝜃3 =

−2.17 − 0.15 − 0.02

𝑚3𝜃3
34 =

−2.34

3𝐸𝐼
6

=
−4.68

𝐸𝐼
𝑟𝑑
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4. Dönüştürme

0 tm15.68 tm17.10 tm

15.66 tm17.11 tm21.46 tm

7. Kesme kuvvetleri hesabı

𝑇1𝑠𝑎ğ = 𝑇0𝑖𝑗 +
𝑀𝑖𝑗 +𝑀𝑗𝑖

𝐿
= 10 +

21.46 − 17.10

9
= 10.48 𝑡 𝑇2𝑠𝑜𝑙 = −10 +

21.46 − 17.10

9
= −9.52 𝑡

𝑇2𝑠𝑎ğ = 7.5 +
17.11 − 15.68

8
= 7.5 + 0.18 = 7.68 𝑡

𝑇3𝑠𝑜𝑙 = −7.5 +
17.11−15.68

8
= −7.5 + 0.18 = −7.32 𝑡 𝑇3𝑠𝑎ğ = 12 +

15.66

6
= 14.62 𝑡

𝑇4𝑠𝑜𝑙 = −12 +
15.66

6
= −9.38 𝑡
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5. Kesme kuvveti ve moment diyagramları

3m 3m 3m 4m 4m 6m

1 2 3 4III

I0 t I0 t I5 t 4 t/m

9.387.32

14.62
7.68

9.52

0.48

10.48

+

-

+ +

-
Kesme Kuvveti Diyagramıx=3.66m

10.95****

15.68

13.59***

17.10

11.43*9.99**

21.46

+ +

+
-

--
Moment Diyagramı

PL/4
qL2/8

14.62

𝑥
=

9.38

6 − 𝑥
→ 𝑥 = 3.66 𝑚

∗∗∗∗ 𝑀𝑚𝑎𝑥=
1

2
∗ 9.38 ∗ 2.34 = 10.95 𝑡𝑚

2.34m

∗ 𝑀𝑚𝑎𝑥= −21.46 + 10.48 ∗ 3 + 0.48 ∗ 3 = 11.42 𝑡𝑚 ∗∗ 𝑀 = −21.46 + 10.48 ∗ 3 = 9.98 𝑡𝑚

∗∗∗
17.10 − 15.68

2
+ 15.68 = 16.39

16.39

∗∗∗ 𝑀𝑚𝑎𝑥=

15 ∗ 8

4
− 16.39 = 13.61𝑡𝑚
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3m 3m 3m 4m 4m 6m

1 2 5 6III

I0 t I0 t I5 t 4 t/m

3 41 2 3
Eleman noTarif no
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2
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Fark momentin büyük 
olduğu düğümden 
başlanır
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7.35 

4.65 

6. Kesme kuvveti diyagramı
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3 4

5

6 8

7

Eleman no

Tarif no

1 2

3 4
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3
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Fark momentin büyük 
olduğu düğümden 
başlanır
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Moment diyagramı
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1.632 

2.398 
3.087 

2.913 

0.087 0.087 

+

++

+

- -

Kesme kuvveti diyagramı
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3 45

6

1
7

8

Eleman no
Tarif no

1
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KONSOLLU SİSTEMLER

q

2 3

4

Mk

1

5 6

q

2 3

4

1

5 6

q

2

3 4

1

5

Mç
q

2

3 4

1

5

𝑀4 = 𝑀𝑘 +𝑀45

𝑚4𝜃4
43 =

3𝐸𝐼

𝐿
𝑀4 =𝓜43 +

𝑀ç

2
+ 𝑀45
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UYGULAMA 1

5 m 6 m

4 m

4 m

1.5 m

q=2 t/m

q=3 t/m

2 t

I

3I
1.5 I

I

Cross metodunu kullanarak M N T diyagramlarını çiziniz.

1 2

3 4

5

q

2
3 4

q

𝓜34 = −𝓜43 =
𝑞𝐿2

12
=
3 ∗ 62

12
= 9 𝑡𝑚 𝓜21 = −

𝑞𝐿2

8
= −

2 ∗ 52

8
= −6.25 𝑡𝑚

2 t

1.5 m

1.5 m

1
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5 m 6 m

q=2 t/m

q=3 t/m
I

3I
1.5 I

I

1 2

3 4

5

5.25

3.38

5.25

q=3 t/m

2
3 4

𝓜34 = −𝓜43 =
𝑞𝐿2

12
=
3 ∗ 62

12
= 9 𝑡𝑚 𝓜21 = −

𝑞𝐿2

8
= −

2 ∗ 52

8
= −6.25 𝑡𝑚

1

1. Ankastrelik uç momentleri:

q=2 t/m

5.25
2

1

5.25/2=2.62

-6.25

+2.62
= −3.63

4 m

4 m
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2. Dağıtma sayıları :

𝑟21 =
𝑚2𝜃2
21

𝑚2𝜃2
21 +𝑚2𝜃2

23 =

3𝐸𝐼
5

3𝐸𝐼
5

+
4𝐸𝐼
4

=
0.6

0.6 + 1.0
= 0.375

𝑟23 =
𝑚2𝜃2
23

𝑚2𝜃2
23 +𝑚2𝜃2

21 =

4𝐸𝐼
4

4𝐸𝐼
4 +

3𝐸𝐼
5

=
1

1.0 + 0.6
= 0.625

෍𝑟 = 1 𝑜𝑙𝑚𝑎𝑙𝚤 → 0.375 + 0.625 = 1 √

𝑟32 =

4𝐸𝐼
4

4𝐸𝐼
4 +

4𝐸3𝐼
6 +

4𝐸1.5𝐼
4

= 0.222

𝑟34 =

4𝐸3𝐼
6

4𝐸𝐼
4 +

4𝐸3𝐼
6 +

4𝐸1.5𝐼
4

= 0.445

𝑟35 =

4𝐸1.5𝐼
6

4𝐸𝐼
4 +

4𝐸3𝐼
6 +

4𝐸1.5𝐼
4

= 0.333

෍𝑟 = 1 𝑜𝑙𝑚𝑎𝑙𝚤 → 0.222 + 0.445 + 0.333 = 1 √
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0.375 0.625

0.222 0.335 0.445

(2-1) (2-3)

(3-4)(3-5)(3-2)

-3.38

5.25-3.63

+9.00- - -9.00   
-1.25      -1.88     -2.50                   -1.25      
-0.31
0.07 0.10     0.14                      0.07

-0.01
-3.38          -1.50     -1.77     6.64                   -10.18

-0.94
+0.05
-0.89

-0.62  
-0.38       -0.62

0.04
-0.02       -0.02
-4.03       -1.22       5.25        

5

2

3

4

1

3. Dengeleme :

𝜃2 = −
0.38

𝑚2𝜃2
21 −

0.02

𝑚2𝜃2
21 = −

0.40

0.6𝐸𝐼
= −

0.66

𝐸𝐼

𝜃2 = −
0.62

𝑚2𝜃2
23 −

0.02

𝑚2𝜃2
23 = −

0.64

𝐸𝐼
≈ √

Fark momentin büyük 
olduğu düğümden 
başlanır

𝜃3 = −
1.88

𝑚3𝜃3
35 +

0.10

𝑚3𝜃3
35 = −

1.78

1.5𝐸𝐼
= −

1.18

𝐸𝐼

𝜃3 = −
2.5

𝑚3𝜃3
34 +

0.14

𝑚3𝜃3
34 = −

2.36

2𝐸𝐼
= −

1.18

𝐸𝐼
√

𝜃3 = −
1.25

𝑚3𝜃3
32 +

0.07

𝑚3𝜃3
32 = −

1.18

𝐸𝐼
√

3 düğümü

−3.38 + 9 = 5.62

−5.62 ∗ 0.222 = −1.25

−5.62 ∗ 0.335 = −1.88

−5.62 ∗ 0.445 = −2.50

2 düğümü
−3.63 + 5.25 − 0.62 = 1.0

-1.0 ∗ 0.375 = −0.38

-1.0 ∗ 0.625 = −0.62
3 düğümü

-(−0.31) ∗ 0.222 = 0.07

-(−0.31) ∗ 0.335 = 0.10

-(−0.31) ∗ 0.445 = 0.14
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1 2

3 4

5

10.18

5.25

4.03

1.633

3.38

1.22

1.77

0.89

1.5

+

+

+

+

+

-

-

-

-

-

4. Moment diyagramı:

-

6.64

5.147
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1

2

3
4

5

9.588

4.5

8.412

5.247

2.0

5.0

0.662

+

+

+

+

+

+

-

-

-
-

5. Kesme kuvveti diyagramı:

4.753

2.0

5.0

0.684

-
2.804 m

2.6235 m

𝑀𝑚𝑎𝑥 = −5.25 +
1

2
2.6235 ∗ 5.247 = 1.633 𝑡𝑚

𝑀𝑚𝑎𝑥 = −6.646 +
1

2
2.804 ∗ 8.412 = 5.147 𝑡𝑚

5.247

𝑥
=
4.753

5 − 𝑥
→ 𝑥 = 2.6235

8.412

𝑥
=
9.588

6 − 𝑥
→ 𝑥 = 2.804𝑚
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5 m 6 m

q=2 t/m

q=3 t/m
I

3I
1.5 I

I

1 2

5 6

8

5.25

3.38

5.25

4 m

4 m

4

3

7Eleman no

1 2

3
4

Tarif no
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ELASTİK MESNETLİ SİSTEMLER

L

h

𝑹𝜽𝟏 = 𝟒𝑬𝑰

I1

I2

I3

𝑹𝜽𝟐 = 𝟑𝑬𝑰1

3 4

2

𝑀

𝜃
= 𝑅𝜃 𝜃 = 1 𝑚𝑖𝜃𝑖 = 𝑀 = 𝑅𝜃

𝑟13 =
𝑚1𝜃1
13

𝑚1𝜃1
13 +𝑚1𝜃1

11′
=

4𝐸𝐼1
ℎ

4𝐸𝐼1
ℎ

+ 4𝐸𝐼

𝑟11′ =
𝑚1𝜃1
11′

𝑚1𝜃1
13 +𝑚1𝜃1

11′
=

4𝐸𝐼

4𝐸𝐼1
ℎ

+ 4𝐸𝐼

𝑚3𝜃3
31 =

4𝐸𝐼1
ℎL

h

𝑹𝜽𝟏 = 𝟒𝑬𝑰

I1

I2

I3

𝑹𝜽𝟐 = 𝟑𝑬𝑰1’

3 4

2’

1 2



43/69

L

h

𝑹𝜽𝟏 = 𝟒𝑬𝑰

I1

I2

I3

𝑹𝜽𝟐 = 𝟑𝑬𝑰1’

3 4

2’

1 2

𝑚3𝜃3
31 =

4𝐸𝐼1
ℎ

𝑟24 =
𝑚22
24

𝑚2𝜃2
24 +𝑚2𝜃2

22′
=

4𝐸𝐼3
ℎ

4𝐸𝐼3
ℎ

+ 3𝐸𝐼

𝑟22′ =
𝑚2𝜃2
22′

𝑚2𝜃2
24 +𝑚2𝜃2

22′
=

3𝐸𝐼

4𝐸𝐼3
ℎ

+ 3𝐸𝐼

𝑚4𝜃4
42 =

4𝐸𝐼3
ℎ
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Çubukları yatay ile açı yapan sistemler:

q

1

3

4

2

a1 a2

α

q

a1

𝓜34 = −𝓜43 =
𝑞 𝑎1

2

12

𝓜43 = −𝓜45 =
𝑞 𝑎2

2

12

𝑚3𝜃3
34 =

4𝐸𝐼1
𝐿1

𝑚4𝜃34
45 =

4𝐸𝐼2
𝐿2

Ankastrelik momentleri hesaplanırken yatay mesafe alınır. Birim deplasman sabitleri 
hesaplanırken çubuk boyu göz önüne alınır.

5
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SİMETRİK VE ANTİMETRİK SİSTEMLER

1. Simetri ekseni üzerinde kolon bulunan sistemler
1.1 Simetrik yük hali

P2 P1 P1 P2

=

P2 P1

1.2 Antimetrik yükleme hali

P2 P1

P1 P2
=

P2 P1

I3 I3 /2
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2. Simetri ekseni üzerinde kolon veya düğüm noktası bulunmayan elemanlar

2.1 Simetrik yük hali

P2 P1 P1 P2

=

P2 P1

3

1

2 4 5

6 7
8

L

6

1

2 3

𝑚3𝜃3
34 =

2𝐸𝐼

𝐿

P2 P1

P1
P2 =

P2 P1

3

4

1

2 4 5

6 7
8

L

6

1

2 3

𝑚3𝜃3
34 =

6𝐸𝐼

𝐿

2.2  Antimetrik yük hali
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P2 P1 P3

P2 /2 P1 /2 P3 /2 P3/2 P1/2 P2/2

P2 /2 P1 /2 P3 /2

P3/2 P1 /2 P2 /2

P2 /2 P1/2 P3/2

P2 /2 P1 /2 P3 /2

I/2

+

+

=

=

3. Gelişi güzel yüklü simetrik sistemler
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q=2 t/m

𝑹𝜽𝟏 = 𝟎. 𝟖𝑬𝑰
1 3 42

𝑹𝜽𝟒 = 𝟎. 𝟖𝑬𝑰
8 m10 m 10 m

I I I

q=2 t/m

𝑹𝜽𝟏 = 𝟎. 𝟖𝑬𝑰
1’ 3 42

𝑹𝜽𝟒 = 𝟎. 𝟖𝑬𝑰
8 m10 m 10 m

I I I
1 4’

Simetri ekseni

UYGULAMA 2
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1. Ankastrelik momentleri:

𝓜12 = −𝓜21 =
2 ∗ 102

12
= 16.67 𝑡𝑚 𝓜23 = −𝓜32 =

2 ∗ 82

12
= 10.67 𝑡𝑚

𝓜34 = −𝓜43 =
2 ∗ 102

12
= 16.67 𝑡𝑚

2. Dağıtma sayıları:

𝑟11′ =
0.8𝐸𝐼

0.8𝐸𝐼 +
4𝐸𝐼
10

= 0.667 𝑟12 =

4𝐸𝐼
10

0.8𝐸𝐼 +
4𝐸𝐼
10

= 0.333

𝑟21 =

4𝐸𝐼
10

4𝐸𝐼
10 +

2𝐸𝐼
8

= 0.615 𝑟23 =

2𝐸𝐼
8

4𝐸𝐼
10 +

2𝐸𝐼
8

= 0.385

Simetri özelliğinden yarısı alınır
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3. Cross dengelemesi:

0.667 0.333 0.615 0.385

(1-1’) (1-2) (2-1) (2-3)

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                           0.28     0.17
-0.09     -0.05                          -0.03   

-13.01  13.01                             0.02   0.01
-14.23   14.23    

1/2

1 3 42

14.2314.23
13.01 13.01

4. Moment diyagramı:

+ + +

----

𝑞𝐿2

8
=
2 ∗ 102

8
= 25 𝑡𝑚

𝑞𝐿2

8
=
2 ∗ 82

8
= 16 𝑡𝑚
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q=2 t/m

5 t 5 t
3I 

3I 
3I 

I 1.5I 1.5I I 

𝑹𝜽 = 𝟒𝑬𝑰 𝑹𝜽 = 𝟒𝑬𝑰
1

1’

2

3

4

2 m

4 m

2 m 6 m 6 m 6 m 2 m

1. Ankastrelik momentleri:

𝓜23 = −𝓜32 =
2 ∗ 62

12
= 6 𝑡𝑚 𝓜33′ =𝓜3′3 −

2 ∗ 62

12
= 6 𝑡𝑚 𝑀2𝑘𝑜𝑛𝑠𝑜𝑙 = −2 ∗ 5 = −10 𝑡𝑚

UYGULAMA 3 Simetri ekseni
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2. Birim deplasman sabitleri

𝑚1𝜃1
12 =

4𝐸𝐼

𝐿
=
4𝐸𝐼

4
= 𝐸𝐼 𝑚1𝜃1

11′ = 4𝐸𝐼 𝑚2𝜃2
21 =

4𝐸𝐼

𝐿
=
4𝐸𝐼

4
= 𝐸𝐼 𝑚2𝜃2

23 =
4𝐸𝐼

𝐿
=
4𝐸3𝐼

6.32
= 1.9𝐸𝐼

𝑚3𝜃3
32 = 1.9𝐸𝐼 𝑚3𝜃3

33′ =
2𝐸3𝐼

6
= 𝐸𝐼 𝑚3𝜃3

34 =
4𝐸1.5𝐼

6
= 𝐸𝐼

2. Dağıtma sayıları

𝑟12 =
𝐸𝐼

𝐸𝐼 + 4𝐸𝐼
= 0.20 𝑟11′ =

4𝐸𝐼

𝐸𝐼 + 4𝐸𝐼
= 0.80 𝑟12 + 𝑟11′ = 1 → 0.20 + 0.80 = 1.0 √

𝑟21 =
𝐸𝐼

𝐸𝐼 + 1.9𝐸𝐼
= 0.35 𝑟23 =

1.9𝐸𝐼

𝐸𝐼 + 1.9𝐸𝐼
= 0.65 𝑟21 + 𝑟23 = 1 → 0.35 + 0.65 = 1.0 √

𝑟32 =
1.9 𝐸𝐼

1.9𝐸𝐼 + 𝐸𝐼 + 𝐸𝐼
= 0.50 𝑟33′ =

𝐸𝐼

1.9𝐸𝐼 + 𝐸𝐼 + 𝐸𝐼
= 0.25 𝑟34 = 0.25 𝑟32 + 𝑟33′ + 𝑟34 = 1 √
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3. Cross dengelemesi

0.35

0.25

0.25

-10.00      6.00
1.40      2.60

-0.33
0.12      0.21

-0.02
0.01      0.01
1.52      8.48

-6.00                   6.00

0.20 0.80

0.70
-0.14     0.56
0.06
0.01      0.05
0.64      -0.61

1.30
-0.65    -0.33    -0.32
0.10

-0.05   -0.025   -0.025
0.71     0.35     -0.35

-5.30    0.33       5.65

1/2

-0.16
-0.02
-0.18

(2-1)

(3-4)

(3-3’)

(1-2) (1-1’)

(4-3)
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3. Cross dengelemesi

0.35

0.25

0.25

6.00
1.40      2.60

-0.33
0.12      0.21

-0.02
0.01      0.01
1.52      8.48

-6.00                   6.00

0.20 0.80

0.70
-0.14     0.56
0.06
0.01      0.05
0.63      -0.61

1.30
-0.65    -0.33    -0.32
0.10

-0.05   -0.025   -0.025
-5.30    0.35       5.65

1/2

-0.16
-0.01
-0.17

(2-1)

(3-4)

(3-3’)

(1-2) (1-1’)

(4-3)

4. Dönüştürme

5.30
5.65

0.35

0.17

8.48

1.52

-10.00

10.00

0.61
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2 m

4 m

2 m 6 m 6 m 6 m 2 m

+

10.0010.00

5.65 5.65

0.35 0.35

1.521.52

0.610.61

0.18 0.18

5.30 5.30

+

+

+ +

+ +

-

-

- -

--
-

-

-

- -

-

5. Moment diyagramı

Simetri ekseni
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q=2 t/m 5.30 tm

8.53tm

𝑇𝑘𝑜𝑛𝑠𝑜𝑙 = −5 𝑡

𝑇23 =
2 ∗ 6

2

6

6.32
+
8.53 − 5.30

6.32
= 6.20 𝑡

𝑇23 = −
2 ∗ 6

2

6

6.32
+
8.53 − 5.30

6.32
= −5.18 𝑡

2

1.48 tm

0.62 tm

𝑇12 = 𝑇21 =
0.62 + 1.48

4
= 0.52 𝑡 3 3’ 5.65 tm

5.65 tm

𝑇33′ =
2 ∗ 6

2
+
5.65 − 5.65

6.0
= 6 𝑡 = −𝑇3′3

6 m

6. Kesme kuvvetlerinin hesabı

α
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0.35 tm

0.18 tm

𝑇34 = 𝑇43 =
−0.18 − 0.35

6
= −0.08 𝑡

q=2 t/m 5.30 tm

8.48 tm 𝑁32 −𝑁23 − 2 ∗ 6 ∗
2

6.32
= 0 𝑁32 = 2.26 𝑡

0.52

5.00

−𝑁21
6.0

6.32
− 5

6.0

6.32
− 6.20 + 0.52 ∗

2

6.32
= 0 𝑁32 = −11.35 𝑡

𝑁23
6.0

6.32
+ 6.20 ∗

2

6.32
− 0.52 = 0 𝑁23 = −1.54 𝑡

6. Kesme kuvvetlerinin hesabı 7. Normal kuvvetlerinin hesabı

𝑠𝑖𝑛𝛼 =
2

6.32
𝑐𝑜𝑠𝛼 =

6

6.32

α

α
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6.00 t

0.03 t

N34

N33’
𝑁33′ = 2.26 ∗

6.00

6.32
− 5.20

2.00

6.32
− 0.03 = 0.43 𝑡

𝑁33′= 0.43 𝑡

𝑁34 = −6.00 − 5.20 ∗
6.00

6.32
− 2.26

2.00

6.32
= −11.56 𝑡

𝑁34= −11.56 𝑡

7. Normal kuvvetlerinin hesabı

𝑠𝑖𝑛𝛼 =
2

6.32
𝑐𝑜𝑠𝛼 =

6

6.32

α
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q=2 t/m

5 t 5 t
3I 

3I 
3I 

I 1.5I 1.5I I 

𝑹𝜽 = 𝟒𝑬𝑰 𝑹𝜽 = 𝟒𝑬𝑰
1

1’

2

3

4

2 m

4 m

2 m 6 m 6 m 6 m 2 m

+

+

-

-

+

-

-
6.2 t

5.18 t

0.08 t
0.52 t

6.0 t

6.0 t

6. Kesme kuvveti diyagramı

5.0 t

Simetri ekseni

+ -

+

+
-
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MAFSALLI SİSTEMLER

Mj

Mi

i j

L

hL
I

𝜃𝑖 =
𝑀𝑖

3𝐸𝐼

3ℎ2 − 3ℎ + 1

ℎ2

𝜃𝑖 = 1 𝑀𝑖 = 𝑚𝑖𝜃𝑖

𝑚𝑖𝜃𝑖 =
3𝐸𝐼

𝐿

ℎ2

3ℎ2 − 3ℎ + 1

ℎ = 1 𝑖𝑠𝑒 𝑚𝑖𝜃𝑖 = 𝑚𝑖𝜃𝑖 =
3𝐸𝐼

𝐿

ℎ =
2

3
𝑖𝑠𝑒 𝑚𝑖𝜃𝑖 𝑚𝑎𝑘𝑠𝑖𝑚𝑢𝑚 𝑜𝑙𝑢𝑟.

𝑚𝜃𝑖𝑚𝑎𝑥
=
4𝐸𝐼

𝐿

𝑀𝑗 = 𝑀𝑖

1 − ℎ

ℎ

𝑀𝑗

𝑀𝑖
= 𝜇𝑖𝑗 =

1 − ℎ

ℎ

ℎ = 1 𝑖ç𝑖𝑛 𝜇𝑖𝑗 = 0

ℎ =
2

3
𝑖ç𝑖𝑛 𝜇𝑖𝑗 =

1

2
ℎ = 0.5 𝑖ç𝑖𝑛 𝜇𝑖𝑗 = 1

ℎ = 0 𝑖ç𝑖𝑛 𝜇𝑖𝑗 = ∞
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𝓜ij

i j

L

hL
I

q 𝓜ji
𝓜𝑖𝑗 =

𝑞𝐿2

8

ℎ(6ℎ2 − 8ℎ + 3)

3ℎ2 − 3ℎ + 1

𝓜𝑗𝑖 = −
𝑞𝐿2

8

(1 − ℎ)(6ℎ2 − 8ℎ + 3)

3ℎ2 − 3ℎ + 1

ö𝑧𝑒𝑙 ℎ𝑎𝑙 ℎ = 0 𝓜𝑖𝑗 = 0 𝓜𝑗𝑖 =
𝑞𝐿2

8

ℎ = 1 𝓜𝑖𝑗 =
𝑞𝐿2

8
𝓜𝑗𝑖 = 0

ℎ = 0.5 𝓜𝑖𝑗 = −𝓜𝑗𝑖 =
𝑞𝐿2

8



62/69

𝓜ij

i j

L

hL
I

𝓜ji

kL P

𝓜𝑖𝑗 = 𝑃𝐿 𝑘 −
𝑘2ℎ(3ℎ − 𝑘)

2(3ℎ2 − 3ℎ + 1)
𝑘 ≤ ℎ

𝓜𝑗𝑖 = −𝑃𝐿
𝑘2(1 − ℎ)(3ℎ − 𝑘)

2(3ℎ2 − 3ℎ + 1)
𝑘 ≤ ℎ

𝓜𝑖𝑗 = 𝑃𝐿
ℎ(1 − 𝑘)2 (𝑘 + 2 − 3ℎ)

2(3ℎ2 − 3ℎ + 1)
𝑘 ≥ ℎ

𝓜𝑗𝑖 = −𝑃𝐿 1 − 𝑘 −
(1 − 𝑘)2(1 − ℎ)(𝑘 + 2 − 3ℎ)

2(3ℎ2 − 3ℎ + 1)
𝑘 ≥ ℎ

𝑘 = ℎ 𝑖𝑠𝑒 𝓜𝑖𝑗 = 𝑃𝐿
ℎ(1 − ℎ)3

3ℎ2 − 3ℎ + 1
𝓜𝑖𝑗= −𝑃𝐿

ℎ3(1 − ℎ)

3ℎ2 − 3ℎ + 1
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UYGULAMA 4

1

5m

2.5m

I

q=4.8 t/m

3.75m

3m
I

I

I I
2

3
4

5

1. Ankastrelik momentleri:

𝓜23 = −𝓜32 =
4.8 ∗ 52

8
= 15 𝑡𝑚 𝓜34 =

4.8 ∗ 3.752

8
= 8.44 𝑡𝑚
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UYGULAMA

1

5m

2.5m

I

q=4.8 t/m

3.75m

3m
I

I

I I
2

3
4

5

2. Dağıtma sayıları:

𝑟21 =

3𝐸𝐼
3

3𝐸𝐼
3 +

3𝐸𝐼
5

= 0.625 𝑟23 =

3𝐸𝐼
5

3𝐸𝐼
3 +

3𝐸𝐼
5

= 0.375

𝑟32 =

3𝐸𝐼
5

3𝐸𝐼
5

+
3𝐸𝐼
3 +

3𝐸𝐼
3.75

= 0.25 𝑟35 =

3𝐸𝐼
3

3𝐸𝐼
5

+
3𝐸𝐼
3 +

3𝐸𝐼
3.75

= 0.417 𝑟35 =

3𝐸𝐼
3.75

3𝐸𝐼
5

+
3𝐸𝐼
3 +

3𝐸𝐼
3.75

= 0.333
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0.625 0.375 0.250 0.417

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    

1
0.333

(2-1) (2-3) (3-2) (3-5) (3-4)
0

1

5m

2.5m

3.75m

3m

+2 3
4

5

18.53

12.92

5.6111.47

11.47

+

-

-
-

3. Cross dengelemesi: 4. Moment diyagramı:

-
𝑀𝑚𝑎𝑥 = 0.22𝑡𝑚 𝑀𝑚𝑎𝑥 = 3.22 𝑡𝑚
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1

5m

2.5m

3.75m

3m

+
2

3
4

5

12.45

5.55

5.61

10.59

+

-

+
-

-

1.41

13.41
3.83

1.83

10.59

𝑥
=
13.41

5 − 𝑥
→ 𝑥 = 2.206

2.206m

𝑀𝑚𝑎𝑥 = −11.47 +
1

2
2.206 ∗ 10.59 = 0.22 𝑡𝑚

12.45

𝑥
=

5.55

3.75 − 𝑥
→ 𝑥 = 2.594 𝑚

𝑀𝑚𝑎𝑥 = −12.92 +
1

2
2.594 ∗ 12.45 = 3.22 𝑡𝑚

5. Kesme kuvveti diyagramı:
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1

5m

2.5m

I

q=4.8 t/m

3.75m

3m
I

I

I I
2

3
5

6

4

1

2 3 4

5

0

0

0

0

1

2
0

3
4 0

3
5

0

0
6

0

0
7

0

0
8

eleman no

kod noları

düğüm no

RİJİTLİK MATRİSİ YÖNTEMİ İLE ÇÖZÜM (SDB88 PROGRAM*)

1

2

4

5

3
6

i j

q

Eleman pozitif uç kuvvet ve deplasman yönleri 
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RİJİTLİK MATRİSİ YÖNTEMİ İLE ÇÖZÜM (SDB88 PROGRAM*)

*Dündar, C., Kıral, E., Mengi, Y., Yapı Mekaniğinde Bilgisayar Programları, 
Genişletilmiş 3. Baskı, Teknik Yayınevi, 1987.
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