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SUREKLI KIRISLER

n+1-3=n-2 sistemin hiperstatiklik

derecesi 7-3=4
1 1

1 1 1

n+2-3=n-1
8-3=5

§.N

1 1 1

1 1

Kenar mesnetlerinden biri sabit veya ankastre olan ara mesnetleri de
kayici olan dolu govdeli dogru eksenli sistemlere surekli kiris denir.
Surekli bir kiriste hiperstatiklik derecesi ara mesnet sayisina esittir.

IZOSTATIK ESAS SISTEM VE BILINMEYENLERIN SECIMI
Izostatik esas sistem mesnetler tGizerindeki egilme momentleri kaldirilacak
sekilde yapilan kesimler ile elde edilir. Bu suretle elde edilen izostatik esas
sistem yan yana gelmis basit kirislerden meydana gelir.
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Izostatik esas sistem

X1 X5 X3 X4
X1 X2 X3 X4
A\ é ')9( é ')9( é ')e( é ')9( JAN Izostatik esas sistem
Py P, P3 P, Dis yiik
Xl J' X2 X3 X4 - .
s ‘.\}é( ‘)A( ‘}A'IHH lllllﬂgi |||||HHIA Enuygun_lzostatlk
| esas sistem
Mo
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1tm

Birim yUklemeler

Ml
A a\ Ja¥ P Jay AN
X,=1
1tm
m T H TM M,
JAN pay a\ gy A pay PAN
1tm

WWHWWW Ms

AN A = Dy =1 = AN
1tm
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Her ara mesnet icin siireklilik denklemi yazilir
511X1 +512X2 + 0*X3 + 0 *X4_ +610 =0

621X1 + 622X2 + 523X3 + 0 * X4 + 520 — 0

0 Xl + 532X2 + 533X3 + 634X4_ + 630 =0

0 *X1 + 0 *X2|+ 643X3 + 544X4 + 540 =0

r inci acik sureklilik denklemi

Orr—1Xr_1 + 0 Xy + 6rr+1Xr+1 + 51”0 =0
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SUREKLI KiRISLERIN COZUMU iCiN UC MOMENT DENKLEMLERi (CLAPEYRON, 1857)
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Birim yUklemeler

7/84



r inci acik streklilik denklemi

ds 1L0._
5rr—1 — erMr—lﬁ: r— 1(1)(1) El_, 6Elr 1
r— r—
ds 1 1 1 L, L
Opr = MM—— (1 —l 1)(1 -7 r
Trr j T T' r 1( )( )Elr ) 7"( )( )EIT- 6E (Ir_l + IT-)
ds 11
5rr+1—fMMr+1E OO
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6—fMMdS—fM g JM ,dl 1
ro = rMopr = (O)T_llr—l xE1r1 (o)r xEI r

1 1 1 1 .
T j (M), -sxdx + 5 | (o), dx :

1 lT‘ 1 l 6 7 »

Sy = M dx +—— | (Mp),x'd "

r0 6E IT- " lr 1 ( O)T 1x X Ir lr ( O)Tx X r — 1

9/84



1L, 6

[, 6
Orog = j Mg)y_1xdx +—— | (Mg),x'dx
r0 6E Ir_l lr_lz ( O)T 1 Ir lrz ( O)T'

Pay ve payda 1. terim 0r—1) 2. terimw ile carpalim
6(lr—1) 6(lr)

6

:Rr—l = I 2
r—1

| o), axdx -

__ YUK TERIMLERI

6
L, = l—zj(Mo)rx’dx _
r

1 lr—l lr
00 = —— R._1+—L
0 6E [Ir—l r—1 + Ir r]
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1 lr—l

Orr—1 = =5
rr—1 6E Ir—l
1 lr—l lr
Spp = == 2 +
rr 6E (Ir_l IT-)
11
Orr+1 = 6_Ei
1 lr—l lr
Org = == R4 +—L
0 6E Ir—l r 1+Ir r]
Opp1Xy—q1 + 6y Xy + Oppy1Xriq1 + Opg = 0 CLAPEYRON DENKLEMI

11,._ 1 [ [ 11 1 |L_ [
—’"1X,,_1+—2<’”1+—’">X,,+ " Xpiq + [T1RT_1+—’”LT]=0

__X —_
6EL. "1 6F

6E1._, 6E "\IL._; I, L4

lr—l lr—l lr lr lr—l lr
Xr_1+ 2 +— X+ =X+ |— R+ L

Ir—l r—1 (Ir—l Ir r Ir r+1 Ir—l r—1 Ir r

Bu moment denklemi biitiin mesnetler icin yazilir

|-o

UC MOMENT DENKLEMI

11/84



YUK TERIMLERI g (x)

X I x’
L

< e
q

. A

v

[P

R==|M d 1 x2
sz O(X)X x MO(X) =q_x_q_
2 2
L R
ql® ql?
4 4
PL 3 PL
8 8
8 7
= 2 2
607" c0 1L
Pab(b + L) Pab(a + L)
L2 1.2
5 5
- 2 - 2
32 qL 32 qL
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CLAPEYRON DENKLEMLERININ UYGULANISI

Y YV YT YIVITY YTV IvaNy l l LH\HHHH#HH&!&!
% % I, %l ™) I ’4%

0 ) a4 "L 7 ]

IO Il IZ 13
l,_ l,_ [ [ L, _ [
X+ 2(’” ! +—T>Xr + ZX,. .+ [T—lﬁr_l +—TLT] =0
Ir—l Ir—l Ir Ir Ir—l Ir
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1 mesnedi icin Clapeyron denklemi

L L L L L

—Xog+ 2| —+—|X;+ =X, + |—

Io " (10 11> Font |l
2 mesnedi i¢in Clapeyron denklemi

l4 L L 7 Iy

— X+ 2| —+— )X, + — X5+ |—

Lo <11 12> LT L
3 mesnedi i¢in Clapeyron denklemi

[ [ I3 l3 [

— X, + 2| —+— )X+ — X, + |—

I " (12 13> L

Ry +

R+

R, +

Kenar mesnetlerde herhangi bir moment yok.

Dolayisiyla X; X, ve X; hesaplanir.

Ly

Iy

L,
I

L3

I3

L1]=0
L2]:0
£3]:O

XO Xl XZ X3 X4
lo L L I3
I I, I I
LO RO Ll Rl Lz RZ Lg Rg
o Lo L L L L |l L
Lpy 2Ry 2L, LR, | 2L, 2R, | 2L, 2R
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OZEL DURUMLAR

Xo
Ly
Iy
Ly
Ly
—L
I, °

1. Kenar mesnette konsol bulunmasi hali

l #‘FV\HF\V&\l’\l’"!l‘“"\l’&“&\ll

I,
X1 X
l4
Iy
Ry L4 Ry
Ly Iy Iy
—R, — —R
I,”° 1,71 I, °

Denklem takimlari aynen yazilir. X, ve X ,,

l
ln—1 L
In—l n In n+1
Xn—l XTl X‘I’l+1
ln—l l_n
In—l In
Ln—l Rn—l Ln :Rn
ln—l ln—l ln ln
L _ . —R,_ —L — R

degerleri konsoldan gelen moment olarak yazilr.
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1 mesnedi icin Clapeyron denklemi
[ [ [ [ [ [

22X+ 2242 )X+ =X+ =Ry +—£L,| =0
Io Iy L Iy

n mesnedi i¢in Clapeyron denklemi

ln—l ln—l ln ln ln—l ln
= Xp_1 + 2 + )X+ X+ [— Ry +— L[ =0

X, ve X, yerine konsol momentleri yazilir.
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2. Kenar mesnedin ankastre olmasi hali

%Huuummum l _____ l l %
l
- - S-S S
0 IO 1 11 2 n-1 In—l n In n+1
Es deger sistem
1 ’ l 3 2 l 1 n n+l
O yyyyvetvyvodvvedodel ¢ OS> n- n-
l._
AR ATTTA L, A W sA
Filtif mesnet I4 I, I, n-1 Fiktif mesnet

L, ve L, acikliklari sifir alinir.
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1. mesnet icin Clapeyron denklemi

Ly Ly Ly

0+ X+ 2 (0 + I_) Xy + I_Xz + [0 * 0+ I_Ll =0 X,ve X, ankastre mesnetten gelen moment
1 1 1 degeriolur. X,= X ,, =0

n. mesnet icin Clapeyron denklemi

ln—l

L, _ L
——X,_ 1+ 2("—1+0>Xn+0*xn+1 + ["—1Rn_1 +0] =0
In—l In—l In—l
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Kesit tesirleri ve mesnet reaksiyonlarinin hesaplanmasi

Xr-1, Xr, X r+1 tayin edildi

R, = B,_, + A, r mesnetlindeki mesnet reaksiyonu
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(T)

(M)

XT—l XT'+1
X.., X, X, >0ise
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i ;
Ar—1 + Al +
~_- (T)
PZ - IBr_l N BT
, (M)
Xr_q ! Xri1
| X. 1, X, X.,; >0ise
(M)
X., X, X,,; <Oise
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ORNEK 1
4t/m

HRTRIENN

I
7

| 6m

YUK TERIMLERINiIN HESABI
q=4 t/m

RN

6m

15l

A

L]

%% a=1 L b=3 7
[ > )

\ 4

(2-) =16.2

2 32—178
( 4) - "
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X, X, X X3

8 4

1 21 1 1
36 36 45 45  16.2 17.8
216 216 180 180 64.8 71.2
1 I 1 I I e

1. MESNET iCiN CLAPEYRON DENKLEMI

6 6 4 4 216 180 B
7%+ 20+ DX+ Xt ——+—— =0

2. MESNET iCiN CLAPEYRON DENKLEMI —Xo=X3=0
4 4 4 4 180 64.8

X 2G DX r e Xk ——+—— =0

X, =-1710tm X, = —10.85 tm
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4t/m 4t/m
RN LDl
| l
6m 6m
12 — 2.85 =|9.15 12 +2.85 =14.85 4« 8
=12 =
2
9.15
T 9.15 14.85
= — 14.85x = 54.84 — 9.15x
X 6 —Xx
54.9
24x =549 5 x =——=2.29m
24
17.10 1
! maxM = 52.29 * 9.15 = 10.48 tm
M maxM = 10.48
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17.10 115 t 10.85 17.10

C, 21 %)
4m ‘L 4 m
> 1

4 m
I:
75+ 0.78=8.28 7.5—0.78 =6.72 17.10 — 10.85
— 0.78 0.78
8
8.28
T +
6.72
1710 10.85
M = - maxM = 8.28 4 —17.10 == 16.02




5t/m 5t/m

4 m

9.375 — 2.71 = 6.67 15%25 5,375
15-9.375=5.625 — 4~ > 10.85
— =
8.33 8.33
X
. - - 6.67 8.33
: - — 8.33x = 20.01 — 6.67x
3 _ - X 3—x
) g 20.01
6.67 15% = 20.01 > x = ——— = 1.334m
10.85

1
maxM = > 1.334 %« 6.67 = 4.45tm

maxM = 4.45
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(T)

6.68

: (M)
Y | : %//

1 _ 5 _
maxM = Ez_ 28%x9.14 = 10.5 16.02 maxM = 56. 68+1,336 =4.46
: maxM =8.28+x4 —17.10 == 16.02

1
maxM = 10.5 —-14.8x (6 —2.28) + 8.28 x4 = 16.09
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SAP2000 COZUMLERI

Ornek 1 Sap2000 Cdzimi

4 t/m 15t 1 5t/m
B D 5

e 6m JeoAm  Joo Am Jiml 3m

Mesnet Reaksiyonlari

9 06 1328 15 6,65
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1.ACIKLIK

End Length Offset Display Options
Location
Case DEAD v b s O scroll for Values
Mems  Major (V2andM3) v Single valued | ?{-’ml @ Show Max
.m
It 2
om
(6. m)
Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)
Dist Load (2-dir)
17.62
4. KN/m
1\ l 1 D at4sm
9.06 4.94 Positive in -2 direction
HESUILENL STeEdrn
Shear V2
14.937 KN
at6. m
Resultant Moment
Moment M3
-17.6225 KN-m
at6. m
Deflections
Deflection (2-dir)
1.710E-06 m
at25m
Positive in -2 direction
() Absolute () Relative to Beam Minimum (®) Relative to Beam Ends

End Length Offset Display Options
Case |DEAD v o fecam g O Scroll for Values
Mems | Major (V2and M3) - Single valued | ?6"‘) @ Show Max
.m
Jt 3
om
(8. m)
Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)
Dist Load (2-dir)
17.62 15. .89
l 0. KN/m
C4 )
834 66 Positive in -2 direction
HESUILENL DI
Shear V2
8.342 KN
at4. m
Resultant Moment
Moment M3
-17.6225 KN-m
at0.m
Deflections
Deflection (2-dir)
1.379E-06 m
at4. m
Positive in -2 direction

() Absolute () Relative to Beam Minimum (®) Relative to Beam Ends
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3.ACIKLIK

End Length Offset
case |DEAD ol (ocaton) |,
tems | Major (V2and M3) v Single valued | ?6mm}

IS

o.m

(3. m)

Display Options

(O Sscroll for Values

(® Show Max

Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)

2.54

C

8.35

HEsULanL Snedl

Resultant Moment

Deflections

() Absolute () Relative to Beam Minimum

(®) Relative to Beam Ends

Dist Load (2-dir)

5. KN/m
at3. m

Positive in -2 direction

Shear V2

B.347TKN
at0.m

Moment M3

4.3547 KN-m
at1.5m

Deflection (2-dir)

2.23TE-0T m
at1.5m

Positive in -2 direction
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SAP2000 COZUMLERI

Kesme Kuvveti Diyagrami

e aniE . e

= I T T TTTT]

Moment Diyagrami

17.6
i . 10.89
i e i B ’ T~ g T3 “
ANSS W - _ -~.HL_\LW TS T T
— maxM=4.36
maxM=10.16 maxM=15.75
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ORNEK 2

2.5t 1t/m 5t
[ O i O | Z
21 | Z
!: 1.5 L 10m 4: 5 m > 3m =||
12.5 t ] 1t/m l 5t
0!+ ¢ vV vy v 1 | 2 3 L.
R Es deger sistem
21 l
| 1.5m 10 m L m 3m
[~ T h g
q=1t/m

A
v

3 3
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25
125

6X, + 12X, + 67.5=10

X, X
10 6
21 1
25 11.25 11.25
125 67.5 67.5
I 1 T

1. MESNET iCiN CLAPEYRON DENKLEMI
5X s 5+6X +6X +125+67.5
o+ 27+ X7 Xe + I

2. MESNET iCiN CLAPEYRON DENKLEMI

6 6 67.5

X, =—-25%15=—-3.75tm
22X, + 6X, + 173.75 =0

6X, + 12X, + 67.5=0

—7.37 tm

1.94 tm
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1.94

. 5t
e [T > ¢ l 3

'y 10 m 4 s 3m | 3m 4
4.64 |5.36 13.40 | | 1.60

T diyagrami

1.94

M diyagrami

v 2.83

maxM=7.01 maxM =3.4x3 —-7.37 =2.83 tm

1
maXM=—2.5*1.5+;4.64*4.64=7.01tm

1 % 102
—5.43=7.07 tm

maxM =
34/84



SAP2000 COZUMLERI

— Dis yukler - .

1 1) 1 1
| <
) B | . C D
ol A

) l

Mesnet tepkileri
7.14 8.77 1.6
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End Length Offset Display Options
Case |DEAD v|  (ocatom 4, O scroll for Values
tems  Major (V2andM3) v Single valed | ?6'") @® Show Max
.m
it 3
om
{10. m)
Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)
Dist Load (2-dir)
375 7.37
1. KN/m
( 1\ I 1 D at95m
4.64 5.36 Positive in -2 direction
HESUILANIL SNedl
Shear V2
5.362 KN
at10.m
Resultant Moment
Moment M3
-7.3684 KN-m
at10.m
Deflections
Deflection (2-dir)
30228937 m
ats. m
\ _// Positive in -2 direction
(C) Absolute () Relative to Beam Minimum (® Relative to Beam Ends

2.ACIKLIK

End Length Offset Display Options
Location
Case DEAD vl T O scroll for Values
tems | Major (V2and M3) v | Single valued | ?6"'} @® Show Max
.m
Jt 4
om
(6. m)
Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)
Dist Load (2-dir)
7.37 5. 1.94
l 0. KN/m
(4 ) L
34 16 Positive in -2 direction
HEsSUiLaiL Sieal
Shear V2
-3.405 KN
atim
Resuttant Moment
Moment M3
-7.3684 KN-m
at0.m
Deflections
Deflection (2-dir)
/'\ -2.310852 m
\__//- atl.m
| Positive in -2 direction

() Absolute () Relative to Beam Minimum (®) Relative to Beam Ends
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SAP2000 COZUMLERI

Moment diyagrami

7.01

Kesme kuvveti diyagrami

34

2.5

W
.

1.4

4 %4

37/84




SICAKLIK DEGISMESI HALINDE SUREKLI KiRISLERIN COZUMU

r—1 p . r I, r+1
@ [ Z L, %
* T i
At?"—l At?"
tSr—l tST
dT‘—l dT

1 lr—l
§ppoy = —
rr—1 6E Ir—l
1 lr—l lr
8, = —2(=2 4T
T 6E (Ir—l L.
11
Orr41 = 6_Ei
Dis yiik=0
M; Orr—1Xr—1 + 0 Xy + 01p 11X 41 + 6. =0
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rt—jM —ds+er€tsds N,=0

X =1
r—1 L1 N\N'rem I r+1
_____ I\ T eAt At
% L4 % L. % Opr = Mers =€ JMT ds
'|‘ >
5 & [At,,_ll At r ]
rt 2 dr—l r—1 dr
1 L4 1 _ (L1 L 11, e [At,_4 At,
— Xp_ 2 +— X, +—= X +=|—0L_1+—0L =0
6E I,_, T oE <1r LI 6EL. "t 2|d._y Tt d, T
lr—l lr—l lr tr—1 Atr
Xp_q1+ 2 Xy + — Xy +3E lp_1+—1L1=0
Ir—l T (Lﬂﬁ. h‘ h‘ e dr—l T dr '
Xr_l Xr Xr+1
lr—1 L
[r—q [
Atr_ll Atrl
dr—l r—1 dr r
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MESNET COKMELERI iCiN SUREKLI KiRISLERIN COzZUMU

Dis ylik =0 At=0

Orr—1Xr—1 + 60X + 5rr+1Xr+1 = Jr

1 1 1 1
]r = _l Wy_q + I + l_ Wi _l_Wr+1
r—1 r—1 r r

]r _ (Wr _ Wr—l) n (Wr - Wr+1)
lr—l lr

J = izostatik esas sistemde X, = 1 i¢in dig kuvvetlerin hiperstatik sistemin mesnet ¢cékmelerinde yaptigi is
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(Wr—l - Wr) (Wr _ Wr—l) (Wr _ Wr+1) (Wr+1 _ Wr)

lT—l lr—l lr lr
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OZEL HAL
Ankastre mesnet hali

AS)
=

.

DO

%/%/ L 7 7 ln—1 %/%/
W1 ! 1 W. 1

Iy Iy

(wy —wy) (W —wy)
L) [ T ]

L1,

[, [,
2—X{+ —X, =6E | + 1 mesnedi

(W —wy)
I I ly
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.
|41
%ﬁ% ln—l %%

Wl’ 1 Wl Wnl nr/
ln—l Xn— T Wn—l) n (Wn _ Wnl)]
In—l ln—l lnr

ln_1 ln—1 (W, —wp_1) :
I"_ n—1+2n_Xn=6El "l 9, n mesnedi
n-1 n-1 n-1
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ORNEK 3

1
%
/ I 31
.z
m 7 8m
[2cm 3 ch
0 1 2
4 8
31
__ 1] 001  o0.01]| go02 0.02
800 4 4 8 g

Sistem betonarme E=2.1*10° t/m?

|=80dm*

EI =2.1+x10°%80+10"% = 16000 tm?

0+20+4,X+4X-—&2 0.01
)7t (800 4

Xt 2(F ) Ky 40 = BEC 4
[t I 31)7° = 6E( 4 8 )
1 0.01

8X; +4X; = 6EI(— 50— —,

.01 0.02

0
4X1 +13.33X; = 61 (—— + —

—4.63 «1073El ve X, =3.64*1073EI.
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Sistem betonarme E=2.1*10° t/m?

I1=80dm?

EI =2.1+x10°%80%10"% = 16000 tm?

X, =—4.63x1073El ve X, = 3.64x1073El.

X; = —4.63%1073 % 16000 = —74.08tm ve X, = 3.64 1073 x 16000 = 58.24 tm

MOMENT DiYAGRAMI

_

4m

2

58.24 tm
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SAP 2000 COzZUMU

Sistem betonarme E=2.1*10° t/m?
|=80dm*
EI=2.1%10%%80+10"* = 16000 tm?..

1/800 rd
m : .
.
7 I 3
L 4 m 8m
) v
0.02 m 0.0

0.03 m

[y
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Mesnet ¢cokmeleri

0.01

N 0.03
e
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Moment diyagrami

[—Ilj X \ __J_,___,_J———M\

Kesme kuvveti diyagrami

L

F Y

X bl | | | | | ] | | | | | | | | |
V4 -

]

34, 39
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SDB88* COzZUMU

Sistem betonarme E=2.1*10° t/m?
|=80dm*
EI=2.1%10%%80+10"* = 16000 tm?..

0 0

1/800 rdg 2
b b~
v 1 2

%1 3

7 I 31 ,
L 4m 8m %
) v
0.02m 0.03m 0.01 m

*Diindar, C., Kiral, E., Mengi, Y., Yapi Mekaniginde Bilgisayar Programlart,
Genisletilmis 3. Baski, Teknik Yayinevi, 1987.
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6 DUZLEMI ICERISINDE YUKLU GENEL CERCEVELERIN STATIK HESABI :

MESNET COKMELERI

ELEMAN SAYIS| ---------— =2
DEPLASMAN SAYIS| ------- =2
DUGUM SAYIS] ------nmmo- =
ELASTISITE MODULU -----= 2100000

YUKLEME SAYIS| ----------- -
KAYMA DEFORMASYONLARI IHMAL EDILIYOR

1 0.00 0.00
2 4.00 0.00
3 12.00 0.00

ELEMAN i j BOYU ALAN ATALET KOD NUMARALARI

1 1 2 4.00 1.000 0.0080
2 2 3 8.00 1.000 0.0240
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YUKLEME NO =1

ELEMAN NO BILINEN DEPLASMAN VEKTORU

1 0.00000 -0.02000 0.00125 0.00000 -0.03000 0.00000
2 0.00000 -0.03000 0.00000 0.00000 -0.01000 0.00000

MESNET COKMELERI
ANKASTRELIK UC KUVVETLERI

ELEMAN Ni Ti Mi N T M,

1 0.000 39.375 84.000 0.000 -39.375 73.500
2 0.000 -23.625 -94.500 0.000 23.625 -94.500

UC KUVVETLERI

ELEMAN Mij Mji  Ti Tji Nj ACIKLIK M.

1 77.82 61.15 34.74 -34.74 0.00
2 -61.15 -0.00 -7.64 7.64 0.00
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YUKLEME NO =2
SADECE DIS YUK (Eleman 1 g=2 t/m)

ANKASTRELIK UC KUVVETLERI

ELEMAN  Ni Ti  Mi Nj T Mj
1 0.000 -4.000 -2.667 0.000 -4.000 2.667
2 0.000 0.000 0.000 0.000 0.000 0.000

UC KUVVETLERI

ELEMAN  Mij Mji Tij Tji  Nj ACIKLIK M.

1 3.29 -141 447 353 0.00 1.70
2 1.41 0.00 0.18 -0.18 0.00
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moment diyagrami verildigine gore Mohr yontemi ile 2 ve 3 noktalarinda donmeleri hesaplayiniz

74.08 tm
MOMENT DiYAGRAMI
o
|: 4m
FIKTIF YUK
| FIKTIF SISTEM
4m
RZsag = @2 Rg = @3
Z;D 0. 15824 1 . 77.6533  25.8844
=0- ¥ Q0 ———*%x 0 *x—% 0 = - = = =
- 3 2 E3I 3 3= 937 T E3p El
158.24 o 77.6533 155.3067 51.7689
k — = =

R [ —
-~ 2sag= P2 = 53] E3] E3] El
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RZSO[ = Q2501

174.08 1 158.24 2 28.2666
M =0 *732501*44'57*4*5*4—57*4* (54) =0 = Rys01 = Y2501 =" %
158.24 174.08 28.2666 59.9466
Rz =g T T T E T T
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Dis yik altinda moment diyagrami verildigine gore Mohr yontemi ile 2 ve 4 noktalarinda donmeleri 3 noktasinda
dusey deplasmani hesaplayiniz
2t/m

% 2 3 4
_ l :

4 m

I % 3l ! %//

4m 8m

—
=
4
v
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6 DUZLEMI ICERISINDE YUKLU GENEL CERCEVELERIN STATIK HESABI :

ELEMAN SAYIS| --------- -
DEPLASMAN SAYIS| ------= 4

DUGUM SAYIS| ---------- -

ELASTISITE MODULU ----—-=

YUKLEME SAYIS| -------- =1

KAYMA DEFORMASYONLARI IHMAL EDILIYOR

ELEMAN i j BOYU ALAN ATALET KOD NUMARALARI

1 1 2 400 1000 1.0000 O O O O O 1
2 2 3 400 1000 3.0000 0 01 0 2 3
3 3 4 400 1.000 3.0000 0 2 3 0O O 4

56/84



UC DEPLASMANLAR

1 1.254902|
2 -1.88235§|

3 -0.156863
4 -0.627451

ANKASTRELIK UC KUVVETLERI

ELEMAN Ni  Ti M Nj Tj  M;
1 0.000 -4.000 -2.667 0.000 -4.000 2.667
2 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000

UC KUVVETLERI

ELEMAN  Mij  Mji  Tij Tii  Nj ACIKLIK M.
1 329 -1.41 447 353 000 1.70
2 141 -0.71 0.18 -0.18 0.00
3 071 0.00 0.18 -0.18 0.00 57/84



3.29tm 1.41 tm ELEMAN  Mij  Mji  Tij Tji  Nj ACIKLKM.

4 1 3.29 -141 447 353 0.00 1.70
2 141 000 0.18 -0.18 0.00

RZsag P2 Ry =@, = 0.6266
El
11.41 1 0.6266
29)"&2=0—>—.‘R4*8+§E 8*5*8=O >Ry =@, = Bl
1141 0.6266 1.2534
~ Rosag= 02 = =5 oy * 8t~ =~
10.705 1 0.6266 1.8797
zm320—>—mt3+zﬁ * 4 3 * 4 — £l *4=O—>m3=53= £l
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CLAPEYRON DENKLEMLERININ OZEL DURUMLARA UYGULANISI

1. Simetrik yuklii simetrik sistemler
3

0 1 l 2 l 4
;:HHLHH; ,,Hllllllll;

1 ve 2 mesnetleri icin Clapeyron denklemleri yazilir ve X;=X,

X=X, Xy,=Xsalinir.
X

6

0 1 l 2 3 4 l g
2;1“1111“; l Hlllllllll%
|

1, 2 ve 3 mesnetleri i¢in Clapeyron denklemleri yazilir ve X,=X,
X=X, X,=Xgzalnr.

59/84



2. Dugum noktalari sabit sistemler
2.1 Eger bir sistemde bir diiglim noktasi kendisine komsu sabit iki diigim
noktasina en az iki cubukla baglanmigsa bu sistemler diigim noktalari

sabit sistemlerdir.

=
N

o 77

\ 4

\ 4

w

A\

A\

w

Es deger sistem
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2.2 Dusey simetrik yuiklere maruz simetrik sistemlerde dﬁéﬁ'm noktalar
sabit sistem olarak dusunulebilir.

p ><q p

2 i 3 YyYYyVY VY \ 4 Yy YVV | i 5

|
L L.
2 . > 3: . > L4
:
|
Ll 1 L5
1 6
77, Z4

p g p
1 2 l 3 ’ | l .
G : tissld 2 6 ! E§ deger sistem
|
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SUREKLI KiRiSLERDE GECiS KATSAYILARI VE SABIT NOKTALAR

Sag gecis katsayilari

Surekli kirigin sol kenar mesnedine etkiyen M, momentinden meydana gelen moment diyagrami
sistemde yik olmadigindan lineer olur. M, yerine kM, momenti etki ederse egilme momenti k kati olur. O
halde her acikligin sabit bir noktasinda moment sifir olur. Bu noktalara sag sabit noktalar denir.
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Ayni sekilde sag kenar mesnetten bir My momenti etki ederse sol sabit noktalar elde edilir..
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SUREKLI KiRISLERDE SAG GECiS KATSAYILARININ HESABI

Xr_1 Xri1
_ r
) I ) I L,
), ‘r-D 0
r—1 r+1

Xy
Uy—1r = - X, = Uy r—1 * X1
Xr_1

X
_ Ar41 ¥ _ ¥ =
Urr+1 = % = Apy1 = Urr+1 ¥ Ay = Ur 41 * Up—1r * Ap—q
T

Lr—l

L._ L L
Xr_1+2< - 1+—’”)Xr+—’"xr+1=o e (1)
I_y I I,

L L,
< I ).ur 1r% 1+I Uy r+1 * Ur- 11//1” 1=0 ”,,,,”(2)
r

1

Ir—1

.ur 1,r — —
T'/IT'
Iy (e +2) +2
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SUREKLI KiRiSLERDE SOL GECiS KATSAYILARININ HESABI

Xr_1 Xri1
_ T
, I , I.,L,
), ‘-1 )
r—1 r+1
X

—1
Hrr-1 = )T( = X1 = o1y ¥ Xy (1)
T
Xy
Hr+1r = X1 = Xy = trs1r * Xpg1 oo ove e (1)
r+
Il ifadesi | ifadesinde yerine konursa Xro1 = Ur—1p * Mrar * Xpg1 v e ()
L._ L., L L
T X+ 2+ )X+ X =0 s, (1)
L1 L1 L L
L._q L,_
7 ]_Mr 1 * U1 ¥ X1 + 2 I “r+1rx;4/ —X{1=0 ,,,,,,,,(2)
r—
— 1

Hy—1r = —
' Ly_1/I—q
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Soru 1l

10 kN
2kN /m

15m | 15m W 20 m

|‘ Vl‘ Vl < Vl

a) Sekildeki stirekli kirisin Moment ve Kesme kuvveti diyagramlarini Clapeyron denklemlerini kullanarak ciziniz.

b) A mesnedinde dénme (¢,) ve B noktasinda disey deplasmani (6;) Mohr Yontemini kullanarak hesaplayiniz.
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S

a) Sekildeki strekli kirisin Moment ve Kesme kuvveti
diyagramlarini Clape_yron denklemlerini kullanarak ciziniz.

Xa Xc Xp

30 20
T T
3 3 ql®
gPL=3510+30=1125 1125 = 200 299
30 3375 3375 20 4000 4000
725 = T 7 200=—— e
30 30

X, + 24 +2[}}X +2[}X +33?5+4nnu 0
14 R B B I I

300+ 100X, +20=0+7375=0— X, =73.75 kNm

1

o=

2kN /m
2.

O/ =

B
110 kN
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E2’)

Mesnet tepkileri

3115

16.31

Moment diyagrami

,mmmmm

T D qinnEse

Kesme kuvveti diyagrami
¥ flllll|III||IIIIIIIIIIIIIIII/I, \ IS
[ m— CO o
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b) A mesnedinde donme (¢,) ve B noktasinda diisey deplasmani (6;) SAP2000

B Joint Displacements

Joint Object 1

Trans
Rotn

Joint Element
2
0

193.75112

1

1
A B

B Joint Displacements

Joint Object 3

Trans
Rotn

Joint Element 3

E Joint Displacements

Joint Obiect 2

1
Trans 0.
Rotn 0.

Joint Element 2
2
0.
-92.18674

3

et

-1476.587

0.
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b) A mesnedinde dénme (¢,) ve B noktasinda disey

deplasmani (6;) Mohr Yontemini kullanarak hesaplayiniz.

10 kN

73.75 kNm

<

15m

15m

)

R, = 2.54 kN

R,*30—10%15+ 73.75=0 > R, = 2.54 kN

A

1 R = 7.46 kN

2.54 kN |

Mg = 2.54 » 15 = 38.1 kNm

7.46 kN‘

73.75 kNm
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Mg = 2.54 x 15 = 38.1 kNm 73.75 kNm

A T AT
15m___
\| 73.75

EI

21\/1 0 A=*30 115 581 115+15 115 38.1 (2 15 +115 7375 115 0
= * —_— * — | — —_— * — | — * — * — | — =
¢ 2 EI \3 2 EI \3 2 EI \3

5006.875 193.5625

30E]  El _)zme:O_)smBz‘SB: El 2

3*15)—=—5 ¥

19356 15 1 381 (1 1474.71
c/l = (pA = — p—
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DUZLEMI ICERISINDE YUKLU GENEL CERCEVELERIN STATIK HESABI :

TOROS UNIVERSITESI SORU 1

ELEMAN SAYISI --------- =3
DEPLASMAN SAYISI ------ =5
DUGUM SAYISI ---------- =4
ELASTISITE MODULU ----- =1
YUKLEME SAYISI -------- =1

KAYMA DEFORMASYONLARI IHMAL EDILIYOR

1 0.00 0.00
2 15.00 0.00
3 30.00 0.00
4 50.00 0.00

ELEMAN i j BOYU ALAN ATALET KOD NUMARALARI
1 1 2 15.00 1.000 1.0000 O 0O 1 O 2 3
2 2 3 1500 1.000 10000 O 2 3 O O 4
3 3 4 2000 1.000 10000 O O 4 O O 5
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YUKLEMENO =1

DEPLASMANLAR
1 -193.750
2 -1476.563
3 -92.187
4 -125.000
5 420.833

ANKASTRELIK UC KUVVETLERI

ELEMAN Ni  Ti Mi Nj Tj M;
1 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 -20.000 -66.667 0.000 -20.000 66.667

UC KUVVETLERI
ELEMAN  Mij Mji Tij Tji Nj  ACIKLIK M.
1 -0.00 38.13 254 -2.54 0.00
2 -38.13 -73.75 -7.46 7.46 0.00
3 73.75 0.00 23.69 16.31 0.00 66.52 73/84



Soru 2:

a) Sekilde verilen cercgeve sistemini kuvvet yontemini kullanarak

moment kesme kuvveti ve normal kuvvet diyagramlarini giziniz.

b) C noktasinin yatay deplasmanini (6.) hesaplayiniz.

2 kN/m
__ B | l
|
4m
21
21
)' 8m

8m
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a) Sekilde verilen cerceve sistemini kuvvet yéontemini
kullanarak moment kesme kuvveti ve normal kuvvet
diyagramlarini giziniz.

A B

izostatik esas sistem
Hiperstatik bilinmeyen X,

S
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=

X; = 1 birim yuklemesi | izostatik esas sistemin dis yiik altinda moment diyagrami
_ T Hiperstatik bilinmeyen X, =0

~gd

1t

[‘\
L

4D,

1 1 1
EIC511=§4*4*4*[1]+g8*(2*4*4+4*8+8*4+2*8*8)*[2]+§*8*8*8*[1]
= 21.334+597.33 + 170.66 = 789.32

El.8,y = é* 8x(—4—8) %16 [2] = —1024
M = My + M X,
789.32X, — 1024 = 0 - X, = 1.2973 ¢
Mgy = 0 + (—4) * 1.2973 = —5.19 tm
My =0+ (—8) * 1.2973 = —10.38 tm
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O o/
5.19 8 -| 10.38
yﬂ
) 8.32
M
ELEMAN  Mij Mji  Tij
- 0.00 -5.19 -1.30
7 5.19 -10.38 7.35
3 10.38 0.00 1.30

1.30
7.35 ) e
7.35 /.

N
1865

T Nj  ACIKLIK M.

130 -7.35

865 -130  8.32

130 -8.65
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7.35

: 1.30
1.30 +
™~ 8.65
1.30 -
1.30
ELEMAN Mij  Miji Tji Nj  ACIKLIK M.
1 0.00 -5.19 1.30 -7.35
2 5.19 -10.38 8.65 -1.30 8.32
3 10.38 0.00 -1.30 -8.65
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b) C noktasinin yatay deplasmanini (6.) hesaplayiniz.

RommmTTTTTTTTTTT tq-l;z’"_' -----------
1t 519 [\ e 1% 1028

1t

0.5

0.5

1 1 1
EQSC:?54*4*(—519H1}+g8*4*(2*(—519)—1038HZ}+§8*4*16*[H::922133

92.2133  46.1066

Eldc = 922133 > 8¢ = — o
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6DUZLEMI ICERISINDE YUKLU GENEL CERCEVELERIN STATIK HESABI:

SDB8S COZUM SONUCLARI 6
ELEMAN SAYIS| --------- =3 3 7
DEPLASMAN SAYIS| ------= 8 4‘1; ) 2 kN/m ‘9—»5
DUGUM SAYISI ---------- =4 5 “ | 1111 mu
ELASTISITE MODULU ----- =1 K3 > I T 3
YUKLEME SAYIS| -------- =1
KAYMA DEFORMASYONLARI IHMAL EDILIYOR 4m 1
bUGUM X Y 0 > Eleman No 2|
___________________ L —.0A 1\ 8m

1 000 4.00 /b—’ % A

2 0.00 8.00 Diigiim No

3 8.00 8.00 Kod numaralari 0

4 8.00 0.00 81; 0 5
UC DEPLASMANLAR 2@4'—
1. -9.811084 . 8m 4

- [

2. 46.16172
3. -2.940486E-02
4, -14.99912
5. 46.15134
6. -6.919026E-02
7. 8.068824
8. -12.60779
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ELEMAN i j BOYU ALAN ATALET KOD NUMARALARI

1 1 2 400 >>10 20000 0 0 1 2 3 4
2 2 3 800 >>10 1.0000 2 3 4 5 6 7
3 3 4 800 >>10 20000 5 6 7 0O 0O 8
U

YUKLEMENO =1

UC KUVVETLERI

ELEMAN  Mij  Mji  Tij  Tj Nj  ACIKLIK M.
1 000 -519 -1.30 1.30 -7.35

2 519 -10.38 7.35 865 -1.30  8.32

3 10.38 0.00 1.30 -1.30 -8.65

81/84



SAP2000 COZUM SONUGLARI

F;x5

I .
Z R ax'5
. .

.19
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1 1 1 71 ¥ ¥ 1 ] T ¥ 1 1

-74{35

a1

-8465

14

Wi

Iz
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E Joint Displacements X

Joint Object 3 Joint Element 3
1 2 3

Trans 46.12829 I 0. -0.00692
Rotn . -8.07193 0.
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