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GENEL SUREKLILIK DENKLEMLERI

» n. dereceden bir hiperstatik sisteme dis yikler, mesnet ¢okmeleri ve sicaklik etkisi
birlikte etki ediyorsa; Agik Sireklilik Denklemleri

O, Xy +0,,K5 + O Xy Fosenes +8,X, +9,, +9;, =],
Oy X, +0,,X; +8,X;5 + . + 8, X + 8, + 8, =1,
83Xy + 85X, +855X; +eeren + 8, X, + 8,5 + 8y, = I,
O Xy +8,X, +8:X;5 + ueene +0,, X, +0,+9, =]

seklinde yazilir.
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»>n. dereceden bir hiperstatik sisteme dig yikler, mesnet ¢okmeleri ve sicaklik etkisi birlikte etki
ediyorsa; Kapali Sireklilik Denklemleri

M N T eAt
fMiﬁds +jNiﬁds+jTi GF,ds+fMi7ds +JNl-stSds = J; i nolu kapali stureklilik denklemi

olarak elde edilir. d=kesit yiksekligi

Acik Sireklilik Denklemlerinin Matris Formunda Yazilist:

0,1 Xy #05X;. F O3 Xy Fusaaa +8,,X, +6, +98,, ], =0

051Xy + 0K, +053X; e # 8, X[ + 85 +8,, -1, =0

831X, +83,X, + 855X, + wereen + 85 X, 8,y 85, — 1, =0
8. X, +8,X, +8.X; +ueeernt8 X +8, 486, -1 =0
seklinde yazlabilir.
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r611 stz O3 O, l
Oy Oy O we w5 s 9,
. Oy Ohs Doy wes wse ous 8 |
Katsayllar matrisi[A] = | ... ... v e e e (kare matris)
K 6,,3 [ 6,,,,_(%)
'){1' -510+61t_‘]1“
}(2 _ Bzu + 621: -1,
X, | 839 + 03 — I
Bilinmeyenler matrisi : [X]=| ... | (kolon matris) Sabitler matrisi : [, |= (kolon matris)
‘Xn Joay _Snﬂ + ant - Jn J(nx1)
olduguna gore, Agik Streklilik Denklémleri_nin matris formunda ifadesi (11 P12 Bin]

['8] — :821 :822 :8271

[AlIX]+ 18] =0 x] = —[a]"1[5,] Bl=—-[A"">[XI=[B1[6] "I .. ...

seklinde yazilir. iy
Bij = (—1D)(-1)* ]T Bij = Biji




n. Dereceden hiperstatik sistemde sliperpozisyon denklemleri

M:MO+M1X1+MZX2+'"+MHXD:M0+ Xi R

n

i=1

— | Superpozisyon denklemleri

N= Ny + N;X; + N, X5 + -+ N, X, = Ny + 2iL; NiX;

T=To + T1X1 + ToXp + -+ TpXy = To + Xt TiXs —

O X; +0,,XK; + 05X, +ueeree + 8, X, +8,, +8,, =5, ]

81 X; +8,,X; +0,3X; + eveera 6, X, + 8, +8,, =3,

83Xy + 855X, + 853 X; A e + 85, X, + 8,5 + 85, =,
............................................................. ~ | Actk sureklilik denklemleri
B Xy +08,X, +8, X5 +eenna+ 6, X, +8, +6, =] .

seklinde yazilir.
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T eAt : R :
jM,ﬁds + f Nlﬁds +j i GF ds + J M; Tds +JNi£tsds = J; 1 nolu kapali siireklilik denklemi

j N; Tj : :
8ij fMl Elds+J lEFds+j GF’dS i=1.....n j=1.......n
No T; _ _
jM —ds+jN ﬁds-l_jTiGF’ds i=1.....n j=1.......n
eAt
8it=jM Tds+JNi£ds i=1.......n

Daima 8;; 8;9 81 ve J; nin El; Katlar1 alinarak X; hiperstatik bilinmeyenler ¢ozilir.

I, B I
EI.8; = j M; M; [—] ds.... Eld; = j M;M, [T] ds.... EI_J; = EI_ * J;

EI.8; = EI, JM —ds+EI jNistsds i=1.......n
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n. Dereceden hiperstatik kafes sistemde siiperpozisyon denklemi
S = SO + 51X1 + 52X2 + e San — SO + Z?zl SiXi

| inci kapal stireklilik denklemi

ZS—L+ZSstL_L

5 Z S, o it EF8; = ) SiS, [%]L
s —Ngg L EFcBio = 9 SiSol:ClL
i0 — Z i20 EF F
EF.8;,= Y[S;et,L|EF,
St = z S;et L

EEJ; = J; * EF,
.+ Xi=1 birim yliklemeden dolay1 meydana gelen ¢ubuk kuvveti

: X;=1 birim yuklemeden dolay1 meydana gelen g¢ubuk kuvveti

: X;=1 birim yuklemesinden dolayi mesnet tepkilerinin mesnet ¢cokmelerinde yapmis oldugu is
. - En buyiik kesit alani

(S

M-V On
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B matrisinin ozellikleri

1. B;=B; simetrik

Kosegen lizerinde olan terimler negatiftir.

3. B matrisinin herhangi bir satiri ile A matrisinin ayni satirinin garpimi -1 dir.
B11811 + B12612 + B13813 + -+ P1nO1n = —1

4. B matrisinin herhangi bir satiri ile A matrisinin farkh bir satirinin carpimi (0) dir.

B11821 + B12622 + B13623 + -+ B1nO2n = 0

Ot

X1 = B11EI:619 + B12EI:820 + -- + B1nElOy0
Xy = B21El:619 + B22EI:820 + - + B2y ElOy0

Xh= BnlEIcslo + BDZEICSZO + et BnnEIcsnO

A
Bij = (—1)(—1)”’XI Bij = Bji
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1. Sistem uzerinde sadece dis yukler varsa

X:l - BilEIc810 + BiZEICSZO + -+ BinElc8n0 l — 1 A | |
RAYF
Bij=(DEDY 2 By =B
2. Sistemde sadece sicaklik degisimi varsa

Xi = BirElc81¢ + BizElc8p + - + BinEl8ye i=1....n
3. Sistemde sadece mesnet ¢cokmeleri varsa

XM = B ElJ; + BizElJz + -+ BinElJy,  i=1....n

Ay —
Bij = (_1)1+]X] Bij = Biji
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2t/m

VI Y Pt vdv b dvdlYly _
31
l |
B
T % v
) 12 m ‘
[1] A
3] 3] 4m
] X 4B X
g i o X
5 12 m X
[ |
B, = (—1)(—1)?t?2 —— = —0.568 * 1072

2816

B; leri tayin ederek hiperstatik
bilinmeyenleri bulunuz.

TR P L P R TR v
\ Y J \_Y_)
5 5,

16X; + 48X, +144 =0

48X, + 320X, + 1152 =10

116 48
148 320

(o}

= 2816

A
Bij - (_1)(_1)l+]_] Bij = Bii

320
= (DD ——=-11.36* 1072
B11 = (=1)(-1) SS1e %

48
B2 = (—1)(— Ditz—— 2816 = —1.704 « 1072 = B21
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Bij = (1) (-1 A] Bij = Bji

2t/m 220
I ETEEFT IR R RN N T 141320 .
3| B11 = (D(-1) >81e = 11.36 * 10
142 _ -2 _
I I B1z = (=D(-1) 2816 1.704 = 10 B21
B 16
0, o7 By, = (—1)(—1)?t?2 —— = —0.568 * 1072
2816
12 m

> . g = [~1L36+ 1072 1.704 % 1072 |
1.704 1072 —0.568 * 1072

[1] 1 X1 = B11EI:810 + B12El:82
X, = B21EL:810 + B22EI:829
i
[3] 3] m X;=(—1136 * 1072 % 144 + 1.704 * 1072 * 1152 = 3.24 tm
) X _u_'L_, v Xz =(1704%107% x 144 + (—0.568) x 1072 x 1152 = —4.08 tm
2
o 9 m " B11611 + B12612 = —1 olmak
le )
) " —11.36 %1072 %16 + 1.704 * 1072 % 48 = —1+/
B11821 + B12822 = 0 olmali —11.36%1072 %48 + 1.704 x 1072 %320 = 0
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o) o) o)
EY’[ 11 12]{ }-+:EI { 10}
“1621 622 820

(o}

l48 320
b= EI
16X, + 48X, + 144 = 0 1 —11.36%1072 1.704 % 1072
b= El. BI | 1.704 « 1072 —0.568 * 10—2]

48X, + 320X, + 1152 = 0

X1 = BllEICSIO + BIZEICSZO Xl = (—1136 * 10_2 * 144 + 1.704 = 10_2 * 1152 = 3.24 tm
X, = B21EI 819 + B22EI 850 X, = (1.704 « 1072 * 144 + (—0.568) * 1072 * 1152 = —4.08 tm
311811 + 312812 = —1 olmal —11.36 * 10_2 *16 + 1.704 = 10_2 *x48 = —1 \/
611821 + 312822 = 0 olmah —11.36 * 10_2 * 48 + 1.704 * 10_2 *320=0 \/
——————————————— 16.32
13.08 " T 03
13.08 |\ i ~ 1632 M =My + M X; + MyX,
- L o
qL? M i
= — 36 oment diyagrami
8
X, =3.24 |+
\ _
S \3.24 S, X,=-4.08
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HIPERSTATIK SISTEMLERDE DEPLASMAN HESABI

1. Virtiiel is prensibiile
2. Mohr metodu ile

1. VIRTUEL iS PRENSIBi iLE DEPLASMAN HESABI

l l 1 kN
\. l / w: mesnet ¢cokmeleri
(o)

v W + R

Kesit tesirleri
Deplasman sebepleri : dig yuk, t, At, w

MNT
Deformasyon durumu Yiikleme durumu
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Deformasyonlar Agp = —dS + —dS

\ Z

N
Ads = —Fds + etgods

Av=GF,dS WTW

Deplasman sebepleri : dis yiik, t, At, w

Dis kuvvetlerin yaptigi is = i¢ kuvvetlerin yaptigi is Deformasyon durumu

1.6+?W=fﬂA<p+jWAds+jTAv

eAt N T
1.6 + Rw = fM(—ds+Tds)+j <ﬁds+etsds)+JTGF,ds

N
1.6 + Rw = fM—ds+ N—ds+j

T —&eAt —
T ds + M—ds+jNetSdS N

GF' d

(MNT)ve(M N T ) herikisi de ayni hiperstatik sisteme ait

llkN

Kesit tesirleri

MNT
Yukleme durumu
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KISALTMA TEOREMiI

Eger (M, N, T) ve (M, N, T) gruplarinin her ikisi de hiperstatik sisteme aitse bu gruplardan
herhangi birini bu hiperstatik sisteme ait herhangi bir izostatik esas sistemden almak
mumkuidndur.

e

n
1\7=1\70+M171+M272+"'+Mn7n=2Mi7i+_o

n
N =Ny + N X; + Ny Xy + - + N X, = ZN"_" + N,
(1) 5 i=1

n
T=T0+T1X1+T272+---+Tn7n=2Ti_i + T,

=1
n
- R=R0+R1X1‘|‘R2X2+“‘+Rnyn=ZRi_i+ 0
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. __&eAt —
— — I
1.6 + Rw = jM ds + NEFds+J GF,ds+fM ds +fN£tSds (1)

d
n
M =My + M X, + MyX, + -+ M, X,, =ZM:-+_O

n
W=E+N171+N272+---+Nn_n=Z1vi7i+_o

L1 L ()
T=T0+T171+T2X2+---+Tn_n=2Ti7i+_o

n
R =Ry +RiXy + RoX + -+ RyXy = ) RiX; + Ry

(1) denklemini (1) de yerine koyarsak

_ _ _ N _ T
1.6+Row+(ZRiXi)w=j(M0 ZMX)—ds+f(NO+2NiXi)ﬁds+j(TO+ZTiXi)GF,ds+

— —_ &At _ —
+ J(MO + ZMLXL)TdS + + j(NO + ZNiXi)Sts ds
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_ £ N _
5+ROW+(R )Xl +W2+ +(PnW)X _jMO_dS-I_ NoﬁdS‘l'JrTOGF,dS‘l‘
J17(1
_eA _ N r _
—ds+jN0£tSds+ Ml—ds+jN1—ds+f ds+JM1—ds+ N;etyds)X, +
EF LGF' )
A4Md N]Vd+ ds+ | M d+jN t.ds)X, + -+
+ 257 S+f ZEFS f GF,S J 2 S 2etsds)X,

M N e
Wnﬁds+JNnﬁds+jT GF,ds+jM —ds+an£tSds)Xn

15+ROW jMO_dS‘I‘ dS+

A%EF GF’

ds+fM07ds+fN0€t ds ()

Esitligin sol ve saginda bulunan parantezli terimler sadelesiyor.
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— — eAt —
ds + —dS + f Nyetqds

N
15+ROW JMO_dS-I_ NoﬁdS‘F GF’

(1)

M= M0+zMX

N = NO+ZNX

T=T0+ZTiXi
iﬁl

R =R0+ZRiXi
=1 -

(IV) denklemleri (1) de yerine konulursa

= (IV)

GF'

— N —
1.6 + Ryw = jM—ds+ N—Ods+j -

—eAt —
ds+JM—ds+ Netqds

(V1)

(1) denklemi ile (VI) denklemi karsilastirilirsa = Kisaltma Teoremi V
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CARPIM TABLOSU

(Joris)

© K o
k K K ko 2. m Y 2. K
[I]]]EI]]] il k 1 EIIIIIID palliny 2.*2[1]]]]]!: v - rrT]
L L L L =alL+~=GL—
L —L—
i ' r. r A 1 1..
(" Lik %le %U[h +k;3) EIka 3Lk Lk 5 Lik
i ) . - . 1
.a:EEIl] %Uk %uk % Li(k, + 2K5) % Lik,, % Lik %LH-: LA+ a)k
' D]]ED:_ %Lﬂq %uh %u(:u, +ka) %unm %LIH I—IELIH %L{l + plik
iy - 112k, +hK 1 2 LK[(L+
(e | fua s | Duoezon | 8439 N | Lig v, | Liogsmx | Suwemx [ 80 ™
" i
P | 2u Ll it +Ky) LTI Z Uk £Link SUL+ aBigk
L
Y,
2.2 I 2 L 1., r 8 3 1
putll] Uk gk | Gk | gtk 15 T 12PNk
L
i 27 2 1.. 1. . 7 .. 11, . 2 .. 1 ,
—@g Sk Zuk LS, +3k;) Uik, Lk = Lik SLE-a-a?)k
2e i 1 1 1 1,. 3. 1, 1
—Li —Li —Li = Lik — Lik —Lik —L ik
Y_kfcﬂ Uik U Lk, +36;) = Lik,, o : LA +asad)
i hy 1. . 1 1,. 1. 2 . 1. 1
z 2 2 =Lk = Lik —Lik - 2
Ehiéi,., FUk ik i3, +ky) Uik, - 3 L+ B+
" 1
1)k Lictvoyk | stk 1L mik, | Los—popik | Ligteato?)ik Ly
=ttt [ L=+ 2 6 +{14+a)k,] 3 12 12 3
L —+ 2

Y vazil ugarda 22 Erahdﬁnﬂn tﬂel:i ﬂl:axglr.
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UYGULAMA Dis yiik hali

B

P, 2t/m | 6D
C é 3|
[1] | D
[3]
B
; s
12 m X
|
13.08————————————F-——————————7 - 16.32
13.08 \ / 16.32
v+ -
qlL?
=136
8
3.24 w7
M

» 1t

4m

3i
|
! 12 m .
) >

M,
“11
1tm
%

) 12 m .

M,

4m
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- 16.32

16.32

ds
EI

16 = MM——jM

— I
EI.6 = f MMO[TC]ds

1
Elcdp =2+ 4+ (~4)(2*3.24 — 13.08)[3} = 52.08

528 176
D™ E31 — EI

-

qL?
[3] -5 36
+

M —JMMdS
OEI_ 0

> 1t
| 4 m
v
K K 2° Km
(D _ I “a(mﬂ[ﬂ""’ X]Il].ﬁs
L L
1k Lk, +k,) 2 Lk
2 2 Rk ke
i 1 1 1
“@ 'iu‘ gukn"z‘z) 3““-
1 1 1
g Uk U2k, +Ky) Uk,
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16.32

16.32

13.08 . [
1308 |\ /
- [1]| +
2
8
+

1x¢@ = jMM

El.oc = jMMO_dS

MM, MM —
f OEI J 0

G

—ds
El

1
Elcpc =5+ 41+ (3.24 — 1308)[3} = 59.08

59.08 19.68
—_ —_ —
$c="g31 T

7
\ 1tm 3
1tm
iz v
12 m
M,
2.5 Km
“ID* | _qo* | % qml*e
. L L L
i i -
1 Uik JUK Lk, +k;) 2,
“‘Eﬂ‘ R
%UR %LI( %ukl +2K;) suk.
I s : x :
EUK Eu‘ ELKZR, +K;) 3._“‘.
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UYGULAMA Sicaklik degismesi hali hali (iiniform sicaklik)

(pc 6D
= >
v 3|
[1]
[ | 4 m
[3] [3]
A B i
) 12 m R
0.626 - 2.748
N
mr - 2.062 7

E=2.1*10° t/m?
£=10"

=80 dm*
t,=t,=t,=20°C

1t

3
I |
4 tm 12 m |
< >|
M,
V4
hY T
“11
1tm
) 12 m .
M,

4m

23/106



0.62 - 2.748

1t

[3]

D557

31

|A

31

v

- 1 -
EI.§ = JMMOTCds +ElchoetSds

1
Elcdp =2 * 4+ (=4)(2 * 2062 — 0.626)[3} + 12 * 1 * El ety = —27.98 + 12E et

27.98
EI,

+ 12¢t;

- 6p = —

5 Uk +k;)

=Lk, +2K;)

3“2“: +k3)
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0.626/ 2.748
- ' 7 'y
1 3
] B \1 tm
[3] "1 | 4m
1tm
2.062 D % b v
M ) < .
MO
) 31 f
— ] _ 1tm
C
EIC<p=jMM07ds+EICJN0£tSdS | I am
1tm Wo _
1 %A v
El.o, = > 4% (—1) = (2+2.062—0.626)[3} + 0 =-20.988 8 12 m
20.988 6.996 p ) g
- = — = —
e E3I El
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UYGULAMA Mesnet ¢okmesi hali hali

(pc 60
1t
TV 3| g >
[1] 3i
| | 4 m
[3] [3] 1| [4m
A |/ 1/1000 rd 5 O 4
o v/ v
1.0 cm 12 m
e 1 0.6cm < 12m =
S M,
3.82 | + 9.288
, / A
v + \'1 tm 3
“11 | 4 m
1tm
A — -5.46 S %ﬁ 1
M ) 12 m .
M,
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1t
3.82 W 9.288 >
' 30
N [1] +
I 4 m
] 3]
1000 rd '
- '\Wi -5.46 I o
1.0cm " ‘ ) 12m ,
M,

— ds — ds —ds
1 = 5+R0W MM— JMMOEI f oM —

EI.8 + EI.Ryw = fMO Hds
0.006

|

EI.8p + EI.(1%0.01 — 4 « x4 % (—4)(2 * (—5.46) + 3.82)[3} = 56.8

1000° 6

: 18.93
—>5D =E—3I—O.OO6:T—OOO6TR
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4m

3.82  +, 9.288
[1] + a8 3]
1tm
[3] - |
1000 rd 1tm
:5.46 9 %
M ) 12 m
= = v ke ™
Elep + ElcRow = | MMy || ds 0
1 1
Elc(pC — 1% MEIC = E *x 4 * (—1) * (—546 + 382)[3} = 9.84
9.84 3.28 k K ko | 2° Km
5 ¢ = ———+ 0.001 = =— + 0.001 rd MIID* | _er)* | %ol | ™ s
E3I El L L
'UI[E[H]]i Lik SUK Lk, +k,) %u&,
‘n@' S UK Sk 1Lk, +2%,) %Lik.
| 1 1 1 1
ﬂDEh» UK g Uk g U2k +K3) 3 Uk,
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ORNEK 10 : :
n=3x0+6-1-3=2 2. derece hiperstatik
20kN/m _
N O T 7 ) -
e 30kN/m 3m o
: ! I Y Y Y Y Y Y VY Y 50 kN ) [2} '
l l 6x«w-b L .~ —_
L | [3]
o | (1.=61) X
I l 21: | Zf\\ 5m : ;;;i
i | ' i
i I | : ®
- - ! 1 20kN/m

| EEEEEEEREEER
L 2m 10m , 6m ; dm AN :
I i I I L 1\ SE}kam

69N I TTTT] 5ok
- e
Sekilde verilen sistemin;
a) Kuvvet yontemini kullanarak M diyagramini giziniz.
(Sadece egilme etkisini goz onine aliniz.) SOKN > O -
b) 8, yatay vyer degistirmesini, ¢ dénmesini Homay san
hesaplayiniz. (EI=90000 kNm?)
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20kN/m

K w L' F W
__ﬁl_ L=10 m £
J0kN/m
oM
Tlﬁﬁkﬂ AR EEEN 50 kN
H_» -
L=6 m
(S (\\"
7 3,
¥ — ‘V>
2m 10m dm 1
F" ] '_I 54 kN
e Do -
LA N[ TR
T s
Ll
216
{Mn}kﬂm
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. | L _1 il
7~ 9] - e R EEEEE
T I, [6] =3 m . : Tﬂ.lﬂ 1.0
[T] O
o 100 =5 =
[3] L=5m {M'l} kNm
{I(;:E'I] A Xl = 1MJX1=1kND1

¢n.m . TG

EL 3, =%x1[]x1xlx[2]+lxlx3x[6]+1>c1 x5x[3]=39.6667

EIcﬁzz:%xS}chle[Z]-f-3:»<:5x5x£6]+%x5x5x5x[3j+%x3:-:336){[2]-4-...
. +'~;:x 3% 3x6.403x[3]= 835.2937
_ | 1 ' {050 ==
ELS,, =510 1x(-5)x[2]+ 1x(-5)x3x[6]+ 5 5x1x(-5) x[3]~~160.8333 =
k K ks | 2° Km
([0 k | & 2 | S " |
| <equ0® | * I L (4, K
(o Lik %Uk %L(kl +ky) %uu,
AE[H‘ %u« %Lik %uu,¢u,) -;-u'k.
| 1 1 1 1
[IDEh> ik Lk L2k, +ky) luk,
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% 2] '
I, [6] =3 m
[T]
>
[3] L=5m
(I.=6I) L__;"XI

= =1x1ﬂ:f~:1:-r: 2x250-40)x| 2 +£:~:1EI}=:1::<25E!:=-=: 2|+ 1x250x3x|0 |+, _zil\_
e 10 6 3 . e

-40

]

...+%x5x1x25ﬂx[§]=95?5
~ R
 (m* k| K k2 | #m "
L “I{H]J (I[[lI_IH] L
'[]I[[.[H]]i Lik %Uk %u(kl +Ky) %uu,
i 1 1 1 s
‘ﬂ@ 'iUk '5'-* -G-L(K. ¢2k,) SUK.
i 1 1 1 1
[]Dglh S Uk ¢ Uk U2k, +k3) S Uk,
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=10 m ~TT1T]
AN [21 | T T 5.0
T, I L=3 m AN I .
C [6] . T I
[T] =
- w,r[}.Eﬂ
[3] [=5m
(I,=61) L (M) KN

EI,:E“=%x1{|x{—5]x[2x250—4[}}x[2]+%xlﬂx[—5]:-::250};[2:|+... .

v +31='-:«?5'3”"*(-5J.="=['E']+%"':5*’)E (—5)ﬂ5”“[3]+%'x'5”(215}?‘*3“[3]*' e TTTITER Ry
T | | } J | ‘ |1
. . | L+

+.E % 6x(135)x3x[2]+ 3 (6.403)x [zllﬁ]'“ 3x[3]= “35_353'555 %0 250

K [II[EHID‘( K K, (II[IIII]kz 2'.XHLIE£‘M : . (M, }I{Nm

L L .

lmmi Lik %Uk %Lmh +k;) ‘;‘Uk-
<’ | d | S [ pwemo | g
Mo i L Luezx, +ky) Sk, 33/106




Hiperstatik bilinmeyenlerin bulunmasi:

g - h X -
39.6667 1608333] [ 9575 J o X, =-295.265, X, =-13.288
-160.8333 835.2937 || X, | |36388.856

Soruda verilen hiperstatik sisteme ait edgilme momenti diyagraminin elde edilmesi:

M=M, +MX, +M,X, = M=M,-295.265xM, —13.288xM,

40
AN O

i J 21,18
\.' +:

250 21.188° !

I:M] kNm
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b) &, =1 kN luk birim yiiklemeden olusan egilme momenti diyagrami

K K K K ko | 25 Km
(D AnLIIIJ ‘ﬂﬂ,{m] XIILIIT},
'’ | e | Sk ek 2k,
‘:rE[U' -;- %uu %utx, +2,) %Uk.
' HI?]:> %ux %uu %Ll(zk, +K,) %u&.
40 ds 1 1 1186.17
) 21.18 = MM )gp =5 XSX(S)x(2x(-295.27) + 21.18)x o ==
O N TS 1186.17
: J 21,18 =50, = =0.0132m
| AfRIREES =
250 2118 O -
(M]kﬂm' N
"-’:-’?.-f..-'_
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¢ =1 kNm lik birim yiiklemeden olusan egilme momenti diyagrami

= I | _ o | % quml*e | * ™
A 1 I
fo
'[[[[[III[]' Lik %ux LUk, +k;) %uu.
(Mg) KNm ‘:rE[D' % %m %uu(, *2,) -;-uu.
' []DEh‘ Luk %LI& %Ll(zk, +K,) %u&.
40 . vds 1 1.1 1
— ={(M}(M ) —===x6x%x(0.60)%x(176.14)x — + =x 6% (0.60) X (135) X =—+...
Mﬂ_\"‘_”'m-a 21.18 o=} (M) *)EI 3 (0-80)( ) 3El 3 (0.60)(135) 3EI
L= [ T + L (6.403) % (176.14) x (2 (0.60) + 1) X me = S22
| ™ e ' ' 261 EI
250 21.18 KEIOTTT .
| ¢ || LTt 176-14 33122
| bt T4 = ®= 35000 = 0.00368 radyan
(M) KN - 135 176,18
A== 295,27 ,
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Ornek 11 (Dis yukler altinda ¢c6zim)
MNT diyagramlarini ¢iziniz
Og ve O dusey deplasmanlarini bulunuz.

1)
A
I I,
R
I
|
Ic
L _9
I
AX
-— 6m
4 =2
Ay
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|zostatik Esas Sistem

1
A._.
I I,
— =2
I
I
I,
— =2
I
6m
N | =2l
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Izostatik esas sistem(Dis yukler altinda ¢cozimu)

L=6 m

6m
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A

=6 m

t
6m L 3m J
£ 3 v

v
L=6m I T

6m

=2t cyL;t

A
Yy
—>+ZFx=O S A, =0 T+2Fy=0 S A, +C,=10-C,=10-8=2¢

D ZMA:O - (,*9-4%x9-6x6=0 - (, =8t
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X1 =1 birim ylklemesi

|1) 1 1
A B C
T ol "
) L=6 m
{.T ’/ + 4\ =3 m
(o]
1+ +
1te—-" . 1 te——o M, X1 =1t —\
i .\\ ] ri\"\ |.\ ]

41/106



L=6 m

{17 / A 1/\4‘5 L=3 m
O
L+ +
1te——" M, X1 =1t ——
|

1 1
EIC611=§6*6*6*[2]+6*6*6*[2]+§6.708*6*6*[1]=656.496

1 1
El.b61¢ = 56 * 6% 12 * [2] +§6.708 * 6% 24 x [1] = 753.94

Kk K ko | 2% Km
k | x 2
UHPIII] AﬂLﬂﬂ 1 [[[[E[ﬂ] mLHEs
i i 2
[[[[‘:IIIIJ Uik %Uk %u(k, +K3) S Uk,
i 1
‘g:E[U %uu %uu -él.(k. +2K3) 3Ukn
i
HDE]” %ux %w -;-LKZI:, +Ky) Zuk,

42/106




E16611X1 + EIC610 — O
656.496X, + 753.94 = 0 X, = —1.1484

Mz = 12 + 6(—1.1485) = 5.109 tm
M4y = 24 + 6(—1.1485) = 17.109 tn
M) =—12+0=—12¢tm
My = 0 + 6(—1.1485) = —6.891 tm
My = 0 + 6(—1.1485) = —6.891 tm

6.89
T s e

|

»
X
L
I
|
I
|
|

12 L=6m

[=6m

2t

J
1.1484 t

1.1484 t
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2t

Mesnet tepkileri

#_15
1.1484 t

Moment diyagram

,
o0
O

ol e T T

2t

1.1484 t
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Normal kuvvet diyagrami

=115

&7

Kesme kuvveti diyagrami

4
L{LU

-

-
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Deplasman yéniinde birim yukleme Mesnet tepkileri

-

ulz 0.67
0.
> 4

6
Cy‘ DZMA:O —>Cy*9—1*6=0 —>Cy=§=0.67t

_>+sz=0 S A, =0 T+Zpy:o 5 A, +C,=1-C,=1-0.67=033¢
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Deplasman yoninde birim yikleme moment diyagrami

+ 6m 1t 3m |
A -
=6 m v

_ + =3 m 1
-
0 +
EI

6m
M,
Ay =0.33 ‘ Cy =0.67
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EI, =2.1%10°%80+10"* = 16800 tm?

12.0
od "1 T "“\RI\I\R +
- #\ o
"
@
|
|
|
|
| o
\' My
1 1
El.5g = 66 * 2% (—6.89 +2*5.11)[2] + 56.708 *17.11 % 2 = [1] = 89.83
. K
s _ 8983 _ 4492 O™ | ) | %™ | =
B = = m
E(ZI) El I[III':III]]i i —;—Uk %m: +k3) %Uk.
fE[I]' ! 2k HEOREN HS
i ﬂDE:n %ux %u %LKZk, +ky) %uu. 48/106



Deplasman yoninde birim ylikleme Mesnet tepkileri

‘B..' C + 6m L 3m

6m

=
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Deplasman yoniinde birim ylikleme moment diyagrami

L 6m

=6 m

6m
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. BY
P75

My
1 1
El.6; = §3 x (—12) = (—=3)[2] + 56.708 x17.11 % (3) = [1] = 186.77
3 K ko | 2% Km
(H@HD 1FHP‘ “uﬂ?ﬂ]z 'qui
186.77 93.386

% =Fen = & ™ D' | | e | Guwek) | fuk
.Aqgﬂ' Uk Sk LU, +26;) %wg

' []]]Eh> %ux %w %L(Zk, +ky) Luk,
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2. MOHR METODU iLE DEPLASMAN HESABI

Dolu govdeli sistemlerde deplasman hesabinda kullanilir.
a(x) T T T 777 M,

wlvv vlv m m X j j E_Ix
l I Fiktif yuk

Vv
% Kesme kuvveti Diyagrami
Y > X | | |
‘ ‘ ‘ ‘ ‘ ‘ /\%x ‘ ‘ ‘ T — (agisal deplasman) M

v Moment Diyagrami Moment Diyagrami

v

N

> X

I

Deplasmanlar

V v 4'\/

M — disey deplasman
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Deformasyon denklemleri
d*v M (x)

d?v(x) d*M
dx? dx?
(2) Denkleminin bir kere integrali alinirsa
dv(x) dWM(x)
(2) Denkleminin tekrar integrali alinirsa
V) =PMO) F C1x F Ch e et e e e e e ennn (4)

3 ve 4 denklemlerinden bir sistemin donmeleri bir sabit farki ile fiktif sistemin donmelerine
cokmeleri de egilme momentlerine esittir. Ancak bu analojinin uygulanabilmesi icin sinir
sartlari da birbirine benzer olmasi gerekir. Yani gercek sistemlerde sinirlardaki v ve ¢ ler
fiktif sistemde Mt ve T lara karsi gelmektedir.
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Fiktif Sistemin Ozellikleri :

1. Fiktif sistem gercek sistemde geometrik sinir sartlari bilinen iki nokta arasinda alinan
dogru eksenli yatay bir cubuktur.

2. Fiktif sistemin mesnetleri gercek sistemde geometrik sinir sartlari bilinen iki nokta
arasinda v ler M ye @ler de T ya karsilik gelecek sekilde tayin edilir.

3. Izostatik fiktif sistem izostatik olmalidir.

Fiktif Sistemlerin Secimi :

A Gergek B A Fiktif B

MA:O
UAZO mtAZO UBZO mtBZO
(pA:;tO TA:FO (pB:;tO TB#:O
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M *

Gergek

UA=O MIA:O UB:FO me#:O

<

A=0 TA=O (pB:;tO TB=-_FO

G
O

7.767‘—'0 WGJEO
g06¢0 TG:/tO

C

vC:() fmc=0
(pC:/:O TC:/:O

® % ®

Fiktif

NN\ @

*—0

55/106



Fiktif Sistemin Secimi icin Yardimci Bilgiler :

1. Gergek sistemde geometrik sinir sartlari bilinen iki nokta arasindaki yola yoriinge denir.

A B B

A
Gercek — %
% @ yorunge =
yorunge %

A B A B

% % Fiktif % %

/yérﬂnge ik Gercek

% % Fiktif 56/106




2. Mohr metodu ile yalniz yortinge tzerindeki noktalarin deplasmani direkt olarak tayin edilir.

3. Sadece yoriinge lizerindeki M(x) momentleri gz 6nline alinir.

M
a. Yoriinge lzerindeki cubuk yatay ise fiktif yuk E olarak alinir.
M
b. Yorlinge Uzerindeki cubuk egik ise fiktif ylk seklinde alinir.
Elcosa
M
C. Yoriinge Uzerindeki cubuk disey ise fiktif yik E diyagraminin alani olarak hesaplanir ve

tekil yik olarak sisteme yuklenir.

d. Moment pozitif ise fiktif yiik yukaridan asagiya dogru negatif ise asagidan yukari
dogru ytklenir.
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Gergek

Fiktif
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2. MOHR METODU iLE DEPLASMAN HESABI

p P
% YVY VY YVYVYYYY ¢ ¥yyY 4¢ A 4 ¢ h 4 %%:C > Fiktif yuk
é EI,L Z % EI,L P % X A A Mz
----------------- | m 1]]] B
w.N T ]‘_iILZ ][q2 [} El
ll\ 8 - . + |
l | + v \ JILZ |
+|Tg M
\\ | 4// r v v VY EI
+

‘ M, % Fiktif sistem %

| +
EIastMv
Fiktif sistemin moment diyagrami esas sistemin disey

deplasmanlarina, kesme kuvveti diyagrami ise esas sistemin

acisal (donme) yer degistirmelerine karsi gelmektedir. A\
T = @ \%
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Siirekli Kiris Mohr Yontemi ile Diisey Deplasman Hesabi
i i B

) W

I |
A %» %%/ 2

/]Ml- I\

%I/\[/

P

M moment diyagrami
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Py
|
A AE— & A

/\ £l \ 1 fiktif sistem
+ .

— flktlf yuk /fm\l\ﬁ'ﬂl fiktif yuk
M,
EU/ l P,

M =v
) 7 700 T

M = fiktif sistemin moment diyagrami
v = esas sistemin deplasmanlar
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" iktif yik
77 Jiktif yu
fiktif sistem

M = fiktif sistemin moment diyagrami
v = esas sistemin deplasmanlart
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Ornek 12 Surekli kiris (Dis yukler altinda ¢6ziimu)
M T diyagramlarini ciziniz
Oz dusey deplasman, @, ve @, disey donmelerini Mohr yontemi ile

bulunuz.
1) (1 1 1 1)
() |_ I l ¢ J T E
FSEC?2 FSEC2 . FSEC2 FSEC2
& A 'Y 4 m ‘l‘ 4 m ‘l‘ 7 m 3 m A
) VI‘
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izostatik esas sistem

X1
No Ll

</ I

rz t izostatik esas sistemin dis yiikler altinda ¢c6zimu

4 m

U 4 m 7m

| 3m

g »|

P |




X1=1

e -
3 4m » 4 m o 7m L 3m X
I« e > > >

X, = 1 birim yuklemesi altinda moment diyagrami

Xl = 1tm
0.5 . 1.0 0.3
M,
k[mnm]k U" K, [H]kz 25" Km
1 1 - : : :
ElS1; =58+1+1%1+-10%151+1=6 W | = | 3 | Zweew | s
i 1 1 1 1
AxE[D FUk 3 g Lk, +2;) 3tk
' UIIE:L %ux %LI( %um, +ky) Zuk,
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|zostatik esas sistemin dis yiikler altinda moment diyagrami

| 4m 4 m 7m » 3m R

ale ale
Vl‘ <

O w55 e €D R e B g D

X, = 1 birim yuklemesi altinda moment diyagrami
Xl = 1tm
0-> + (10 0.3

M
1 1 o1 1
EIC610=§4*0.5*24*1+€4*24(2*0.5+1)+g7*16.8(2*0.3+1)*1+§3*16.8*0.3*1=84.4

EIC611X1 + EIC510 - O

6X, = —844 — X, =—1406tm M= M, + M,X, I | _n® | % qmul*e |2 i |
L L L L
M(B) = 24+ 0.5 % (—1406) = 1697 tm '[]]:[:b]:[[[]i Uk %Uk %wl,g)) ?jug.
My =0+ 1.0 * (—14.06) = —14.06 tm ' Lk fuk | L e2) Juk,
Mpy = 16.8 + 0.3 * (—14.06) = 12.58 tm M | | g | fueses | ue
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Xl = 1tm

0.5 1.0 03

M,

Moment diyagrami

S i : :

EIC511X1 + EIC510 = 0
6X, = —844 — X, =-1406tm M = My + M X,

Mgy = 24 + 0.5 * (—=14.06) = 16.97 tm
Mcy = 0+ 1.0 * (—14.06) = —14.06 tm
Mpy = 16.8 + 0.3 * (—14.06) = 12.58 tm
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R mesnet tepkileri

11.56

419

Moment diyagrami

MI\W

Kesme kuvveti diyagrami

FSEC2

7.74

FS

bC2

FSEC2

19

FS

EC2

N

#

-4 8t
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Moment diyagrami

A

T

A B ,41} E
““*LK-J.H“L\LL—I\L il})”y .

Mohr ydntemi ile B noktasinin diisey deplasman hesabi 6, = ?

B > fAf’E
—-L 13—

L[] H I_ﬁL_._.,Jf»-- i
16.97 Ve =0 Aeg 16.9714 14+4 16.9714 24 +14.071 1
—_— =0->A4Ax8 ——— — — =4 x| = —— 4 x
Fiktif yuk EI ¢ El 2 \3 El 2 \3 El 2 3
R, 234 29.25
14.09 _5% 0 Sl =
P El El El
Fiktif sistem -
| 16.97 1 1 29.25
7aN m{—a VAN Mg+ =g *drgrd—g*14=
A B —YB C
I am 2 4m ] 71.7466 717466
29.25 5 _ 717466 B 0 ?Mp=—rpr—=0p
- EI B=  El
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16.97

Fiktif yik EI

Fiktif sistem

LA 4 m

A_29.25_
~ ] = Q4

[+ 30

16971 16971 14.071

A———74——7—4+——=-4+C=0

El 2 EI 2 El 2

29.25 3394 3394 2814 1049

C = + +

El El EIl El EIl
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RiJITLIK MATRISI YONTEMI iLE COZUM (SDB88 PROGRAM*)
6. DUZLEMI ICERISINDE YUKLU GENEL CERCEVELERIN STATIK HESABI :

RIITLIK MATRISi YONTEMI 0 2 0 5 0
2 ACIKLIKLI KiRiS ORNEG 1 { 3 ,{ 4{4 G.E 7:1;
TRV RV p— =4 0 0 0 0 0
DEPLASMAN SAYIS| ~----—-- =7 12t 8t
DUGUM SAYIS| <-erermememeev = 1 3 ; >
_ | |
ELASTISITE MODULU ------= A 2 A JAN
YUKLEME SAYIS| --nnmee =
KAYMA DEFORMASYONLARI IHMAL EDILIYOR | 4m . 4m 7 m J 3m
DUGUM X Y DEPLASMAN NO DEPLASMAN
""""""""""""""""""""""""""""""" R 29.25
1 0.00 0.00 1 -29.24444 " A=—— =g,
2 400 0.00 [2 -71.73333
3 800 0.00 3 4.68889 " g = 71.7466
4 15.00 0.00 4 10.48889 B~ ]
5 18.00 0.00 5 '53.59668 : 10.49
6 5.28556 C=—"=q,
7 24.15556 El

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

Genisletilmis 3. Baski, Teknik Yayinevi, 1987. 71/106



ELEMAN i j BOYU ALAN ATALET KOD NUMARALARI

1 1 2 400 1000 10000 O O 1 O 2 3
2 2 3 400 1.000 10000 O 2 3 0 O 4
3 3 4 700 1000 10000 O 0 4 0O 5 6
4 4 5 300 1.000 10000 0 5 6 0 0 7
YUKLEME NO = 1 Moment diyagrami

AT —

SN NEEr R =TI ][I

UC KUVVETLERI

ELEMAN Mij  Miji Tij  Tji  Nj ACIKLIK M.

-0.00 1697 4.24 -4.24 0.00

1

2 -16.97 -14.07 -7.76 7.76 0.00 Kesme kuvveti diyagram|
3 14.07 1258 3.81 -3.81 0.00
4

7.74

-12.58 0.00 -4.19 4.19 0.00

FSEC2 FSEC2 FSEC2 | a I FSLCZ[

ST ) N B
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ORNEK 1

4t/m 15 t St/m
ot bbb L y el LT,

| £ * & £

4 m )‘ 4 m 4m |
|

A\

A
v

Sekilde verilen strekli kirisin;
a. Moment ve kesme kuvveti diyagramlarini kuvvet yontemini kullanarak ciziniz.

a. Kirisin BC agikhk ortasinda 1 noktasinin disey deplasmanini (6, ) ve C noktasinin
dénmesini (¢.) Mohr Yontemini kullanarak hesaplayiniz.
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4t/m

5t/m

15t
SO T,y el T,
AN | AN AN | AN
j 6m | 4m )‘ 4 m 4 m |

< > e > e >

N N

A ASa AT A
|A 6m ‘| 4 m )l 4 m | 4m |

| a B :l: >

%\ 18tM 1(%
!: § >|< :l: : >|

6m | 4 m # 4 m | 4 m |
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1 I.. 1 1 1 I 1
EIC511=§le[T]=§6*1*1*[2]+§8*1*1*[1]:6_67 Elc512=€le[T]=E8*1*1*[1]=1'33

1 I 1 1
E16622=§le[7]=§8*1*1*[1]+§4*1*1*[2]=5.33
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1 I.. 1 I.. 1 1
El.81y = §Likm[76] +oL(1+ ,B’)ik[Tc] =36+ 1x18x[2] +2-8(1+05) x 130 [1] = 132
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1 AR AR 1
EIC620=EL(1+,B)lk n +§lem —| = 8(1+O.5)*1*30*[1]+§4*1*10*[2]=86.67

Il 6
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6.67X; + 1.33X, = 132
1.33X, + 5.33X, = 86.67

M = —-17.414M; + (—11.915)M, Moment Diyagrami
\—u\ ' L/J/J///];T tl> I rhf‘“-ﬁ,_ fr‘”'rl-’--ﬂ J .. S —
o | ) - 3 i I e
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6.67X; + 1.33X, = 132
1.33X, + 5.33X, = 86.67

T =—17.414T; + (—11.915)T, Kesme Kuvveti Diyagrami

149

12797
h_
III
\-7.91

80/106



-17.42,

é
10.2

P,

3

11.89 1/2
2E1 2

L
-
—
~
—

—-—
—
-
—
—
—-—
—
—
-
—
—-—

—~
__
—

_—
—
—
—
e
=

P, e

—
gy
-
J——
7 ’——’
e -

17.42/(2El) 11.89/(2El)

I |

B C

At 4 15.34 4 1/1 AN 17.42 4 1/1 4 15.34 4 1/2 4
—— x4 x—| = —— x4 x—| = ——— x4 x—| = =
2E1 2\3 2E1 2\3 2E1 2\3
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15.34/(2El)

P,

7

|
|
| 11.89/(2EI)

17.42/(2EN) 5,
B C
Vom0 eag 189 102 N 1534 11 N 1742 101\ 1534 102\
=0->C=* ——— x4 x—| = —— x4 x—| = x4 x—|— — x4 x—|— =
B 2E] 2\3 2E] 2\3 2E] 2\3 2E] 2\3
QLo 2024 2024 253
* —_— = - = = =
El $c="grr T EI ¢
zm o g 253, 1189 1 2\ 1534 11\ 2137
= - ——— x4 — x4 x— x| = ——— x4 x—| = =0- = = —
1 17 gy 2E] 2 \3 2E] 2\3 1= =Ty M
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B Diagrams for Frame Object 2 (21}

End Length Offset

Case DEAD

o ] (Location) it 2

Major (V2 and M3) | Single valued 0.m

(0. m)
Jt 3

o.m

(8. m)

Display Options
(O Scroll for Values
(® Show Max

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

17.42

15. 1.89

8.19

PESULanL 2ean

(s : )

.81

Resultant Moment

Deflections

—~—

(O Absolute (O Relative to Beam Minimum

_ Resetto initial Units

- —

(® Relative to Beam Ends

| Done |

Dist Load (2-dir)

0. KNim
at8. m

Positive in -2 direction

Shear V2

-8.191 KN
at4.m

Moment M3

-17.421 KN-m
at0.m

Deflection (2-dir)

21.368503 m
at4.m

Positive in -2 direction

Units KN, m, C

21.37

EIl
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2024 253

C=q@;= rad
8EI El
K Joint Displacements et
Joint Object 3 Joint Element 3
1 2 3
Trans 0. 0. 0.
Rotn 0. -2.52637 0.
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ELASTIK MESNETLI VE ELASTiK BIRLESiMLi SISTEMLER

Dugum noktalarinda
veya sistemin bagska bir
yerinde olan elastik bir
birlesimde M momenti
ile iki kenarin birbirine
gore rolatif A©
donmesi arasindaki
oran sabittir. Au = Av=0
Pozitif olan ve Ry ile
gosterilen bu sabite
birlesim redori denir.
Rijit birlesim Ry =
Mafsalli birlesim Ry =0
0 <Rg< @

T —
& Y/

e M
[)
Rg>0

Donmeye karsi elastik ankastre mesnet

M —
—— RG ~ Elastik birlesim redorii > 0 (sabit)
"‘G‘><i) A©O :
) o ‘~.|>‘1¢’
Doénmeye karsi elastik birlesim ,l\)\
N N A©O
Y v
n N_ . o
v R, = 7 > 0 cokme redoru (sabit)
;% Cokmeye karsi elastik ankastre mesnet

Vv

N

N ' N
<« Gokmeye karsi elastik birlesim —
%

= Ry Donme redérii (mesnet redorii)

=R, >0

Donmeye karsi elastik
ankastre olan mesnette
M momentiile ©
donmesi arasindaki oran
sabittir ve u=v=0 olur.
Pozitif olan ve Ry ile
gosterilen bu sabite
mesnet redorii denir.
Ankastre mesnette

Re = 00

Sabit mesnette Ry =0
O<Rg<
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ELASTIK ZEMINE OTURAN YAPILAR iCiN MESNET REDORLERiINiIN HESABI

)

V= KZ K: yatak katsayisi
o, :.temel :.:\Itl.r.i.da olusan zemin l LLiL] 1] Jos K — kumda 1500 — 2000 t/m?
gerilmeleri (rijit temel altinda)

‘ _ - X
v : zeminde olusan deplasmanlar Q\M_\/)LJ Deplasmanlarv ~ — Kilde 2000 — 6000 t/m

fl\ N
M
Ry: DONme redori
l \ R, : C6kme redorii
Simetrik sémel 01 m 11 ' 6 Gerilme diyagrami
b A+ 1 o, ' ‘

S

— b—1y UG v=0/K
. @ l K. I/ffnﬂ v, @ Cokme diyagrami
V1 W Sadece eksenel kuvvet
¥ nedeniyle olusan tiniform
Moment nedeniyle olusan zemin gerilmesi ve
Zemin gerilmeleri ve deplasmanlar
deplasmanlar
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Zeminin bir noktasindaki cokmenin o noktadaki gerilme ile orantili oldugu kabul edilirse
K > 0 t/m? boyutunda olan K sabitine zeminin yatak katsayisi denir.

V_O'
T K

CESITLi ZEMIN TURLERI iCiN YAKLASIK K DEGERLERI

ZEMIN TURU K (t/m3)
Balcik, Turba <200
Kil, plastik 500-1000
Kil, yari sert 1000-1500
Kil, sert 1500-3000
Dolma toprak 1000-2000
Kum, gevsek 1000-2000
Kum, orta siki 2000-5000
Kum, siki 5000-10000
Kum-gakil, siki 10000-15000
Saglam sist >50000
Kaya >200000
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Zeminin bir noktasindaki cokmenin o noktadaki gerilme ile orantili oldugu kabul edilirse

o

V=g K > 0 t/m? boyutunda olan K sabitine zeminin yatak katsayisi denir.

1 durumu: Temele sadece M momenti

aktanildigi zaman

V1—6_K1
Vi
0=——
b/2
M
o1=7Y=
M
T ap?
6
0 — M
ab?
12
B=

(1)

(2)
Mb M
ab’z " apz ¥
12 6
(4)
(5)
M ab3
0 12

/ \

v L)/aﬁﬂ

2 durumu: Temele yalniz N diisey kuvvet

aktarildigi zaman

_N
= ab
_ 0 N
VTKT abK
N
R, = —=abkK
v

A

N T ©

ll’“['d '.Ltk'— ] " U/K
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SIMETRiIK OLMAYAN SOMELLER
Kolon ekseni

! d

B ! = %

Planda-simetri ekseni

e : Eksantrisite

Ry: DOnme redori

R, : C6kme redori

M =M — Ne
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ZEMINLE ILGILI VARSAYIMLAR

* Temel hesabi yapilirken zeminin ideallestirilerek modellenmesi gerekir. Bu tur
modellemenin en kapsamli ve karmasigi yap! ve zemini birlikte ele alan, yapi-zemin

etkilesim modelidir.
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Bina yuksekligi 182.9 m
Kat yuksekligi 3.70 m

STEEL MEMBERS

CONCRETE

Pt —t —t+ o

Radye temel ve zemin uzerinde desteklenen elli kath bir binanin ANSYS modeli 92/106



* Diger bir yontem, zeminin elastik yaylarla temsil edilmesi, ¢ozumun elastik

zemine oturan kiris ve plak teorisi ile cozumleme yontemidir.

Bu yontemde yay sabiti olarak zeminin yatak katsayisi kullanilacagindan, once
bu katsayinin hesaplanmasi gerekir. Bu katsayi deneysel verilere dayandiriimalidir.

Bu yaklasim surekli kolon temelleri ve radyeler i¢in uygulanmaktadir.
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Foundation
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Fixed Base Model

K, or K,

Displacement

. g
settlement

0 10 20%
Normalized Vertical Displacement, s/zsg

<
Normalized Lateral Load
per Unit Length, Vip

Normalized Vertical Load
per Unit Length, q/q,
ension |compression

g-Z springs
(axial and rotational)

Normalized Lateral Load
per Unit Length, VA,

Normalized Lateral
Displacement, u/Xsq

L-x springs
(sliding resistance)

1

0 10 20
Normalized Lateral
Displacement, u/xs,
-X sprin
(passive resistance)
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* Temel hesabinda oldukca yaygin olarak kullanilan yontem,
temel altindaki zemin gerilme dagilimi ile ilgili bir varsayim yapmaktir.
Bu varsayim oldukga basittir. Genelde gerilme dagiliminin duzgun
yayil oldugu, eksantrik yukleme altinda ise dogrusal degistigi kabul

edilir. Bu kabul tam dogru degildir.

Tekli kolon temelinin altindaki zemin vyaylar ile temsil
edildiginde, olusacak gerilme dagilimi genelde duzgun yayili deqgildir.

Kohezyonu az zemin Kohezyonu fazla Hesaplarda kabul
(kumy (kil) edilen

Lyl Ll iy

e | L

it ieER sty
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ELASTIK MESNETLI VE BIRLESIMLI SISTEMLERIN HESABI

M; N] T;
0ij = | Mi—; El ds + EFds+ TiGF’dS+zMi9j+zPivj

N, T,
jMlﬁds_l_leﬁdS+fTiGF’ds+zMi00+zPiv0

Kapali stireklilik denklemlerinde elastik birlesim ve elastik mesnetteki deformasyon isi
de g6z 6ninde tutulur.

N
fMlEds+fN ﬁds—i—f GF,ds—i—jM —ds+jN,-etsds+2Mi9+ZPiv=]i

Deformasyon hesaplarinda elastik birlesim ve elastik mesnetteki deformasyon isi de
goz onlinde tutulur,

- T —_ -
1. 6t+zROA JMO_dS-I_jNO_dS-I_JTOGF’dS-I_jMO_dS-I__INOStSdS-I_ZMOB-I_zPOv

97/106



%t/i“ Verilenler

vxrvey H*;ﬁ *_ Yy %ﬂ' 'y Sistem betonarme E=2.1*10° t/m?
R, = 8R,
[1] |=80dm*

l | 4m R, = 19200 t/m Ry =12000 tm

[3] [3]
A MB v istenenler

Rg 1. M diyagrami

12m . 2. Kapali siireklilik denklemleri
R 3. §,=7?

1. Moment diyagrami

1. =3I secilir EI =2.1+10°%80+10"* = 16000 tm?* Rg _ 12000

EI 16000

12000
>Ry = (1500) EI Rg = 0.75EI = 0.25EI,

19200 -
Ry =|Tz000 )E! = 1.2E1 R,=0.4EIl. Ry=8Ry=6EI =2EI
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Ry =2 EI V=0 QXD 0=0 ('XD

TR R NN R R R Y T A - -
3l 3,
I v I 4m
A = = m B
] \X/R =025 EI W&B & X )?1=1 j =
X1 ARe = ¢ 12 m 1
12 m J ? | 12
R, =040 EI, M, | "
TR 7
D7 ////]%12
7 O\ 12
% \ X
O/ v %
0 /X\ N 12 30
Y, 0 V‘ V=R, T 0.4EI, EI,
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' \'ﬁﬂ-
3] 1
+
| | 4 m M1 * 81 Pl * P
EI.& 4 1 x1 [3]+1 12« [1]«*1 * 1+ EI. +1 4+EI 1
= *1 *1 % — * * * 1 * * 1 *— * »
A \]/ M, hB | 1 3 c EI, | ¢ 12
X;=1 e EI.8;; = 16 + [4 + 0.017] = 20.017
12 m 1 112
|
I 1/12 s e [P
W% L L 1 L L
1/12 '’ Uk ok Uk +k;) Zuk,,
N\ AEII]' ! X S, +26;) LTS
1tm X l1/12 '[]]]En:.; Lk -;-ut -;—u(zha»k,) %uk.
o/ v
6 /X\ SN _ 112
V. vl R, 0.4EI,
M 1 4

0 =

R, 0.25EI,| EI,
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4 + <|><1> 0 = M — 4
3| Ry 2EI.
i I | g | s | "
(' Uk quc | Ju ek Juk,
A M, : : uk LU, +26,) Sk
l]]IE:m L = L2k, +Ky) Lk,
12 m |
g My*0, || Prxvy | | My x0,
2 1 1 ' 1 27
7 EI .81, =E4 x1 %4 % [3] +E* 12« 1+ 4.[1] +Elc[1*0+ﬁ*0+0 *E_lc] =48
m Elc821 = Elc812 =48 M2 * 02 PZ * 1]2 MZ * 92
0 X 1 v
LY, v=0 El8;, =234 x4 x4 % [3]+ 12+4 x4+ [1] + EI [0+ 0+ 4 =328
) OZX\ v=0 EL8, =212+ 1 *36 [1] + EI 1. 3% 415
= — * * * ——x—| = )
"\ ¢®10 = 3 °|” 12 " EL,

—

2
EI 8,0 = 512 *36 % 4+ [1] + EI.[0 * 4] = 1152
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N  1/12 1
R, 0.4EI, 4.8EI,

) _ _
Elc819 =512 1 %36+ [1] + El¢ |~ * —| = 141.5 Re 0.25EI. EI,
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M=0 CM) <[><1_>

31,
| v | 4 m
qL2_2*122_36t
AN g =3 meB .y
X,=1 7
12 m 1
| 12
i
T
12
O\
% &,
% 30
© /X\ 0 v=
. "Y R, 0.4EI, EI,

3l

M2*90

f

|

Elastik birlesim

E1820=§12 x36 * 4 x[1] + EI[4 * 0] = 1152
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Acik siireklilik denklemleri

El [511 512] {X1} +EL {510}

(o}

021 0221 (X7 20
20.047X, + 48X, +141.5=0 (13.08) 13.19 R‘“““““‘“ ““““““ - 15.27 (16.32)
48X, + 328X, + 1152 = 0 (13.08)13.19 - . g 15:27(16.32)
qL?
X{=2.087tm X, =-3.818t ?:36
&
.. . i . 3.82(4.08)

Parantez icindeki degerler sistemin X 2.087 (3.24) W —
elastik mesnetsiz ayni yukler altinda M 12.17 (12.00)

¢ozimuddir. i
i

1 11.83 (12.00)
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2. Kapali siireklilik denklemleri
1 nolu kapali sureklilik denklemi

ZM19 +ZP117

1 1 1

7% 4x1x%(2.087 —13.19)[3] + i 12 %1% [2%(—13.19) — 15.27][1] + §12 * 1 % 36 * [1]
2.087 1 11.83

0.25EI, 12 0.40E1,

I
leMTCds+EIC =0

+ El, [1*

—66.6 — 83.3 + 144.0 + 8.36 — 2.46 = —152.35+ 15236 =0

2 nolu kapali siireklilik denklemi

2M29+2P2v
1

1 2 1
g* 4 x4 % (2.087 — 2 % 13.19)[3] +E* 12 x4 % [(—13.19) — 15.27][1] +§12 * 4 % 36[1] +§* 4 x4

I
JMZMTCds+EIC =0

15.27)[El. + EI. |4 1527 =07?
* (— . * =
( )[ C C 8EIC

—104.32 — 683.04 + 1152 — 244.32 — 30.54 = —1152.21 + 1152 = —0.22  Relatif hata

2
= — =0
1152 #013 105/106



3. 6,="? D noktasinin yatay deplasmanini bulunuz

1t
<ty —7>
3l
| | 4 m
1t / |
4 tm 12 m )
M,

- M -
1*6D=JMOEdS+ZM09

. | —
Elc8=jMMOTcds+EchMOB

1
EI.8p = =4 * (—4)(2 *2.087 — 13.19) [3] + EL[(~4

s 38736 38736 12912
- = = -
P El. E3I El

(13.08) 13.19

(13.08) 13.19

LZ
a~ = 36
+ 8
2.087 (3.24) 382
M / 2.08 ' ' W/?
— M 12.17
R, \ 0.25EI
7
| 1283
kmnm]]k Uk K, [I]]"’ 2.\‘ ﬂ[mkm
L L L L
g Lk %Uk %u(kl +K3) %uu,
38.736 ———t— 1 1 1
‘a@ Uk Uk g Lk, +2K;) 3tk
iHIIEb:. %ux %uc %u&x,m,) Luk,
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