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BOLUM 4 Izostatik Sistemlerin Sabit Yiiklere Gore Hesabi

Kesit Tesiri Diyagramlar:

Kesit zorlarinin sistem (zerindeki degisimlerinin ifade eden
grafiksel gizimlere kesit tesiri diyagramlari denilmektedir.

Dizlem ¢ubuk sistemlerde M, N, T diyagramlari olmak Llzere 3
gesit kesit tesiri diyagrami bulunmaktadir. S6z konusu diyagramlar sistem
izerinde yatay dizlemde gosterilirler ve ilgili noktalarda ki ordinat

degerleri sistemin o noktasina ait kesit tesiri degerini belirtmektedir.

Kesit Tesiri Diyagramlarimm Ciziminde Izlenen Yol

1) Kesit zorlari sistem lzerinde gosterilir ve gubuk eksenine dik olarak
cizilirler.
2) Kesit tesirleri o6lgekli olarak ¢izilmeli ve ordinatlari dogrultusunda

taranmalidiriar.
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3)

4)

3)

6)

7)

Diyagramlarin izerine baslica noktalardaki degerleri yazilmali ve
bélgenin isareti konulmalidir. (cekme veya basing olacak sekilde)

N ve T diyagramlarinda pozitif degerler bakis yoniiniin tersi tarafinda,
M diyagraminda ise bakis yoni ile ayni tarafta olmalidir. Boylelikle M
diyagrami daima kesitin uzama liflerinin oldugu tfarafta ¢izilmis
olacaktir.

Verilen sistem yeterli sayida bélgeye ayrilir, kesimler yapilir ve her
bélge igin segilen degiskenin fonksiyonu olarak (x: mesafe degiskeni),
N(x), T(x) ve M(x) degerleri hesaplanir ve fonksiyonlar: gizilir.
Diyagramlarin ¢iziminde kritik bazi kesitler vardir. Bu durumda sistem
izerinde sinirli sayida kesitte kesimler yapilarak kesit zorlari
belirlenir ve M, N, T diyagramlari gizilir. Bu ¢6ziim igin en kolay yoldur.
Bu nedenle kritik kesitlerin bilinmesi énemlidir.

Kolay yoldan bir sistemin M, N, T diyagramlarinin gizilebilmesi igin bazi
bilgiler gereklidir.
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Yiik-Kesme RKuvveti ve Egilme Momenti Arasindaki Bagimtilar
(q,'T, M Arasindaki Bagintilar)

g (dx aralifinda sabit)

-
Nn — = —3 — —3 — —a — - ——i-l
I | ;
- : |
I l -

t dx/2 )[( dx/2

dx

q yayl ylik dx aralidinda sabit olmak lizere, izdiiglim ve moment denge denklemleri
yazilr,
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dN q (dx araliginda sabit)

(++)ZF=0= N+ndx+N+dN=0= —=-n
dx A Y = P Y S
dN . M ¥ M+dM
n=0=|— =0= N} sabit l
dx N‘G (¥ Y Y Y[y v oYVoY AI}NMN
dT ! qdx |
(t+)ZF,=0=T-qdx-T-dT =0 a=-—q : i | Tadr
_ l
(U+)zMA=o=>M+de+mdx-qu92’5—m-dm=o m K
n —— e —— — 3= -—'-—-P-——l-—-.--—'—l
I I |
dx dM | :
qu?EO:&=T+m | | a2 R
dx
m=0 d—M:T ) g
dx

dT
—=-q

Sonuglara gore; .dx

1- Kesme kuvveti fonksiyonunun tlrevi (-) isaretle yayi yikin siddetine esittir.

Yani, kesme kuvveti diyagraminin herhangi bir noktasindaki egimi (-) isaretle
o noktadaki yayih yiikiin siddetine esittir.

T
A
tano=-q X
T diyagram
q
dT
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2- Egilme momenti fonksiyonunun tiirevi (yayili moment m =0 olmasi halinde) kesme
kuvvetine esittir. Yani, egilme momenti diyagraminin herhangi bir noktasindaki egimi o
noktadaki kesme kuvvetinin siddetine esittir.

L
| > x dx
i
N 9% tanf} = aM =T
/J dM dx
b ﬁ )
M diyagrami

Y
M

3- Ornedin,
q=0 (yuk yok) = T— sabit, M— 1. (dogrusal)
g=sabit (dlzgin yayil yiik) = T— 1.9 {dogrusal) , M — 2.9 (parabol)

q=1.° (dogrusal) (Ucgen veya trapez yayih yiik)
= T- 2.9 (parabol) , M— 3.0 (parabol)

4- a) Ardisik iki noktadaki kesme kuvvetlerinin farki, (-) isaretle bu iki nokta arasindaki
vuklerin toplamina esittir.

b) Ardisik iki noktadaki edilme momentlerinin farki, bu iki nokta arasindaki kesme
kuvveti diyagraminin alanina esittir.
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R aw T
0| [ p o Seemaroan
i 1 |} |
qT | : : | ] | i+l i+l +1
. T !l‘ ! : : : !dT=—(JQ(X)dX+ZQi]:.rH1—'E =—(,!Q(x)dx+ZQi]
1_ il ’ | L1 (Ge1)  x
{ z - : i+l
(l,) : : : ! l '%' [f q(x)dx + ZQ,J : ylklerin toplami
I | | ! | ; ‘
T . .
i | ! b : (i+1) dM
. I | Y e -
o 1 b T =T dM =T

I Coa
+ I+1 i+l H1
| | [dM= [ Tdx =M, -M = | Tdx
] i [ I

[+1
j Tdx : kesme kuvveti diyagraminin i ile i+1 kesitleri arasindaki alan

5- Kesme kuvveti diyagraminin sifir oldudu noktalarda edilme momenti diyagrami
ekstremumdan (maksimum veya minimumdan) geger.

Not : g, T, M arasindaki bu badintilar ve sonuglar, x ekseninin pozitif yoniinln
saga dogru olmasi halinde gegerlidir.
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Q,

Y YY Y Y VYY

o

| SRS |
QT I | | | T = T ——ed 1
| HERE] I | |
T _-!_l| - I I T TYRORL Q | [
i IIIm I?I_—\q | : i ‘-I*—I III_It_IIIIIII'II |
| il,‘:II 1Ty @ ¥
, S — I | i
. | L , : ]
M W Ml || II] I W.JJ
‘ 4 o e
teget =L itcget tano=T; Mumaks

Mpmaks ™ 29 parabol

7 =0

|
tegeti yatay :
WZ? parabol |
I

IME

| il
ol III/I]IJLM 14

tefet M pais te2et
3¢ parabol

o

I |
I I
I |
Lo
| |
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e S S —

e

$—

—(/ Mmax
tegetler
farkl

teget

9/97



M diyagram bilinen bir kesitin T ve q (yiik) dagilimimn elde edilmesi

ORNEK -110.00

M(MX?

. Te Set

(M*Nm)

Buna gére egilme momenti diyagraminin iizerinde bulunan dogru parcgalarinin
egimi kesme kuvveti degerlerini verecektir. Bu dogrularin yatayla yaptiklari

agtlar a, B,y olup bu agilarin tan degerlerinden kesme kuvvetlerinin sayisal

degerleri elde edilebilir.
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o

M(:%J

\ Te et

-2.00~-—4.00 | 4.00 —--2.00-~ 4.00
(mkNm,
tano =§27 21035 , tanp=-6+10_ secy |, tany=1C_ss
. | 103.50 ! | |
' ' 55.00
| L@ . _L70m T35
| ' ~76.50 76.50
' | (T
: : 45 kN/m i S5kN
i IIRRRERRI |
t ™65 kNm t
103.50 kN 131.50 kN

—76.5

OTT +961
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Burada maksimum egilme momenti; kesme kuvveti diyagraminin alanindan

103.5 76.5
= - x=2.30m
X 4 —x
M . =207+ 103'5; 230 _ 336.03kNm  seklinde hesaplanabilir.
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Diyagramlarin daha kolay yoldan cizilebilmesi icin yardimer notlar;

Not 1:

Sistemin bir (n) kesitindeki kesit zorlan belli iken bunun sagindaki (n+1) kesitindeki
kesit zorlarini hesaplamak icin, (n ) kesitinin solundaki tim kuvvetler yerine (n)
kesitindeki kesit zorlari ve (n~ n+1) arasindaki dis ylkler gézoniine alinabilir.

Ql q(x) QZ
@ v gl t op
M, Ta Mm.] Tat1
f— Nn+l |
Q
T, 1 q(x) 4 I\/|n+1
w 4 il <n.+l?,” n
S T e T T o n+1 T
dx'ti !: x . "J Tn+1
L ' 2
a) _
- :
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M., Tn, N, kesit zorlari (n) kesitinin solundaki tim kuvvetlere esdeger oldugundan
(n+1) kesitindeki kesit zorlan, bunlara ve iki kesit arasindaki ylklere bagl olarak
hesaplanabilirler.

me = Nn

T =T, - 2Q - [a0x)dx

My =M, + T,a- > Qa - [q(x)xdx
Ozel hal : q(x) =0 ise
T.=T.-YQ

M., =M, +T,a-> Qa3

Not : Bu hagintilar (n)-(n+1) kesitleri arasindaki gubuk ckseninin dogru pargasi elmasi
halinde gecerlidir.
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Uygulama

Tm+|_ = Tl‘n 4 Tm |
Mm+1=Mpu+Tna ( "_—_—:

Qj
(n)ll.(nﬂ) 1’. _‘i
,,Ai,, T (nll) (m+1) %
Qi )
M6 T"J_
N Tn+1 =Ty - Qi
SV
M 4 Myt =M,

i
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Not 2:

Bu notta komsu iki kesitieki egilme momentleri belirli iken bu iki kesit arasindaki
edilme momenti diyagraminin nasil elde edilecegi aciklanacaktir.

Not : Komsu iki kesit arasindaki gubuk parcasinin dogru eksenli oldugu varsayilir.

q(x) I 7

Q,
\
N
\
\ l Jre A
| |
/S
/s
7 AN
s

)
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n

(n) {n+1)
|
L]
q(x)
Mﬂ Ill"‘in+l
— 2 'Yy, | B
= (& ) +A&£
X X J{I
L L
| T
M KW

MM, v

X
+1 1,

I“'f[11+l {\/

M, (%)

Not : Sistem dengede oldugundan, basit kiriste denge denklemlerini saglayan mesnet

tepkileri T, ve T,

e esittir.

n+l
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Uygulama:1)

Uygulama:2)
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Sonug : Sistemin (n) ve (n+1) gibi ardigik iki kesitindeki edilme momentleri belirli
iken; bu iki kesit arasindaki edilme momenti diyagraminin cizilebilmesi icin
(n) ve (n+1) kesitlerindeki egilme momentlerini ordinat olarak almak suretiyle izilen
dogrusal diyagrama (gekirdek moment diyagrami), (n~n+1) acgklikh basit kirigte
q(x) yuikiinden olusan edilme momenti diyagrami cebrik olarak eklenir,

Uygulama (f q,

1 J\H\rq YYYYV¥ Y
AN 20 TTTT A 14

|
|
[
|'
|
!
l
I
|
l
|
f
1
f

M]=0 L
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Basit Kirislerde Cesitli Yiiklerden Meydana Gelen

Kesit Tesirleri ve w Sayilar:

Diizgiin yayih yuk

q
A i ‘ Jl v[ lj l ¥ Y B
d b
b H—OL
_ L J A=B=T
M(x)=lltx—-q-)zi=325)<—q—x2i
§ | 025 |050| 075 | . arfx ¢
wg| 0.1875] 0.25]0.1875 =3 [E LZJ
WR=%—§—=>M(X)=WR—Q—{2'—

K0
=~ IR

wg =& — &
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L
zx=0—>H=O, 2M3=0 —>AL—qL§=OA=7

L
Z:y:O - A+B=gqlL—> B=qL—q7 - B = —
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ZMA:O

: qL
Aﬁ IR I_LB A = 7 ,
i 0 qL qx
A I8 L —_—xx ——-M —
—x B = q? 2 x ? (x) , 0
L
2 ql.  qx
M(x) =——x——
T T T M(x) ( ) 2 2
L1 vy R _ L2
AN E% N(x)=0 :E M — q .
o G M@ =TG-
Ii_r —x Y W R
T(x) 2
L L
M (_) _ 4
2 38
¢ | 025 |0.50| 0.75
we| 0.1875]0.25[0.1875 | }'x -0 - N(x) =0

qL
ZY:O —>T(x)=7—qx
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Ucgen yayih yiik

. ~9c _ 9=
H o A= 6 B 3
2 3
AT TB M(x):ﬂl“— 5,1‘3_
| K 6 \L L
[~ S ~ 3 2
X X (o] &
WDZ-I:—I-—=>M(X)=WD?'

€| 025|050 | 075 |[ .=
wp|0.23440.3750/0.3281

R

Not : Uggen yayili yiikiin q ordinatinin ters konumda olmasi halinde tablodaki degerier
tersinden gézonine alinacaktir.
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0.25

0.50

0.2344

0.3750

N(x)=0
~qL q x
T =g =-17%3
gL x*
T(x) = —(1 -2
q q X X
M(x)=—=x——x ==
() =gx=1% 73
gl? x x3
M(x) = — (- =
(x) : (L I3
X qL?
Z=§ M(x)=T(E—§3)
\_Y_)
L2 ®p
(x)qu(*)D
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Ornek 1/4 noktalarinda moment
degerlerinin bulunuz

g=3 t/m

L
M(x) = un)R iiniform yik M(x) = 5 WR = 18wg

M'; =18+ 0.1875 = 3.38 tm ¢ | 025 |050| 0.75

M'; =18%0.25=4.5tm wg| 0.1875| 0.25(0.1875
M'; = 18 % 0.1875 = 3.38 tm
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1/4 noktalarinda moment
degerlerinin bulunuz

g=3 t/m

¢ | 0.25]| 0.50

0.75

wp|0.23440.3750

0.3281

M(x) = q—mD icgen yiilk M(x) = c Wp = 12wp

6

M", =12 x0.3281 = 3.94 tm
M",= 12 % 0.3750 = 4.5 tm
M", =12 % 0.2344 = 2.81 tm

Ucgen yayili yiik ters konumda

oldugu i¢in degerler tersinden

alinacaktir. (wp)
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1/4 noktalarinda moment
degerlerinin bulunuz

g=3 t/m

M,=M,+M7=338+394=732tm
M, = M5+ M', = 450 + 4.50 = 9.0 tm
My =M3+ M, =338+281=6.19tm
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Kritik Kesitler

Diyagramlarin gizilebilmesi igin kesit tesirlerinin hesaplanmasi
gereken kesitlerdir. Bunlar;
= Sistemin u¢ noktalari
= Yiiklerin baslangi¢ ve bitim noktalari
= Yiklerin sekil ve deger degistirdigi noktalar
= Tekil yiiklerin ve tekil momentlerin her iki yanindaki noktalar

= Mesnetlerin yanindaki noktalar

ce\son

P, 4 P,

| lll Ll ﬂg—h— IM 141 Il5 16Ll

| i |
90 11 12 '3 A\ '

29/97



Kesit Zorlari Diyagramlarinin Ciziminde izlenen Yol

1- Mesnet tepkileri hesaplanir.
2- Kritik kesitler belirlenir.

3- Kritik kesitlerdeki M, N, T kesit zorlari hesaplanir. (Gerekirse Teorem-1 den
yararlanilabilir.)

4- N, T diyagramlan gizilir. (T diyagraminin giziminde 3—1 = —q bagintisindan
yararianilir.)
5- Cekirdek M diyagrami gizilir.

6- M diyagran tamamlanir. (Teorem-2 ve (w) tablolarindan yararianilir.)

7- Maksimum egilme momentleri hesaplanir. (% =1 = 0)
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Coziimlii Problemler

28 L RA | Sekil 4.1 de geometrisi ve yilkleme durumu verilen basit kirisin M, N, T diyagramlarini

gizinlz.
20 kN
+® g T
: 30m
L O 3 © ©) a0 1
H _— e
A A 2 (5 (?) _A_ f

T f 30m
Ya 20 kN ® Vp _L
———  —

40 4.0 40
o d0m 4, 40m | 4Om

Basit kirlsin verilen ylklemeden dolay! olugan mesnet tepkileri hesaplanir.
(U+)EMa=0=>20%3+20x3-12V, =0 - ¥V, =10 kN

(UD+)EMe=0=>12V, +20x3+20x3 =0V, =-10 kN
Kontrol: (T+) EFY=0 = VA +VB =0 »

(=#+) SF,=0 =H, =0
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Mesnet tepkileri bulunduktan sonra kritik kesitlerin yerleri belirlenir ve bu kesitlerden

20 kN
sistemn kesllerek kesit zorlan hesaplanir. ¥ T
: 30m
) i 6 ® ) (10)
Ha —_— "
A @ © T AS
1 [ [ 3.0m
|
1 nolu kesit: K oo do W
-10x4 =40 kNm

-10 kN
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3 nolu kesit:

20 kN
— M, =20x3 =60 kNm
| N, =0
I T, =20 kN
T, L™ 3 m— T
(4)
¥ i 30m
N, S I RN
! 30m
_\ T3 TVA 20 kN_.___‘l (2 Va _L
—-———-———4 n0|u kES|t: . 40m 40m 40m
| . —— =t =]
_'[ 20 kN M, =0
T (4) N, =0
4 M4 qa
T, =20 kN
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5 nolu kesit: 20N

+@ T
: 30m
20kN ) i e © (9 (10)
— e e— e h
e ) & T %
: T 1 ! ’ 30m
| M 5 Va 20kN l (8) Va __L
| M5 8 ——
N; [r | . 40m ,  40m ,  40m
p——— - [ —
A B8 AN
5
l’ M =-10x4+20x3 =20 kNm
VA =10 kN NS - —20 kN
T, =-10 kN
6_nolu kesit:

M, =-10x8+20x3 =-20 kNm
N, =-20 kN
——)%—OkN TG =-10 kN
|
|
| M

Mg
ont e
e — . g :l)l ""K I—.?

7 (A

lVA=101<N
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7 nolu kesit:

20 kN

8 nolu kesit:

|

Tg"'(—"'"—

M, =-20x3 =-60 kNm
N, =0

20kN

—
_ @
T, =20 kN | F
] 3.0]11
e i K0 © © (10)
Ha —— b
A\ @ (5 I AS
¢ f 1 30m
|
Va 20 kN (8) Vi _}_
——
M8 =
Ny = 0
Ta =20 kN



9 nolu kesit:

M, =10x4 =40 kNm
N, =0
T, =-10 kN

20kN

—
4
+@ T
: 30m
i e ® ©) a0,
R A
; f 30m
|!
20 kN ® Va _}_
e —
1

40m 40m
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'I H (NKN)
I
20
|
Er=
B == (TKY)
il ek LT
-10 — 4 —
20!
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Sekil 4.2 deki basit kirisin  Gzerine etkiyen dis  viklerden olusan mesnet
tepkilerini hesaplayiniz. Kesme kuvveti (T), egiime momenti (M) ve normal
kuvvet (N) diyagramlanni giziniz.

—— i —————

Vs iy l
I

)
' 60 m ' 80 m
| . —

q,=20 kN/m q, =15/cos 0t =16.03 kN/m

R o 2 A I

‘7,')’:‘///”‘.'7/:

Ha A

—— T

L,
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q: yaylh yOkind, yatay dizlemde yayill yike dondstirmek igin o agisimin degeri

hesaplanir,

tana = % — o = 20.556° — Sina =0.351, Cosa = 0.936

Yatay dizleme etkiyen yayili ylikiin degeri

;o q, a 15 _
92 = oon = Do3p — LO-03KN/m

olarak hesaplanir.

(»+)ZFR=0=H, =0
(U+) EMy=0 = 20x6x3+16.03x8x10-14V; =0 —» V, =117.31kN
(U+) EMe=0 = 14V, -20x6x11-16.03x8x4=0 - V, =130.92kN

Kontrol : (T +) ZFy=0=V, +V, -20x6-16.03x8 =0 »
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Kritik kesitler belirlenir

@ g

(1
A;: =
130.92‘
1. kesit :
Tl
" ) T N y :ll =g
| =
A 1
ks E == T, =130.92 kN
130.BEI
2. kesit @
y M T, M, =130.92x6 —20x6x3 = 425.52 kNm
) ZWTz N, 2 N, =0
A == .«..Ek _ T, =130.92-20x6 =10.92 kN
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130.92

3. kesit : ‘ :
M; M, =117.31x8 -16.03x8x 4 = 425.52 kNm

N, =(117.31-16.03x8)Sinao = =3.84 kN
T, =(16.03x8-117.31)Cos o = 10.23 kN

\
Pt
—P

0
117.31xSinc = 41.18 kN
=-117.31xCoso. = -109.80 kN

M,
N,
T4
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-3.84
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PROBLEM 4.3. Sekil 4.3 de verilen sistemin M, N, T diyagramlarini giziniz.

40m

20 kN/m

60m 50m
= :

4 mesnet tepkisi= 3 denge denklemi + 1 mafsal sarti
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(U+) EM,=0 = 15x6x3-60x4 +30+40x6.667 -8xH; —14xV,; =
= 14xV, + 8xH, =326.68 (I)

(LU+) EMgsa5=0 = 3D+4Dx%*4xHE -8xV, =0
— 8xV, +4xH, =136.667 (II)

8xH, +14xV, =326.68
4xH, +8xV, =136.667
—V, =-26.67kN , H, =87.50 kN

(L+) SMa=0 = 14xV, +8xH, -15x6x11+50x4+3o—40x§=0

= 14xV, +8xH, =773.333 (III)
(L+) TMgs0=0 = 6=V, +4xH, —15x6x3=0
= 6xV, +4xH, =270 (IV)
8xH, +14xV, =773.333
4xH, +6xV, =270

=V, =116.67kN , H, =-107.50 kN
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Kontrol-1) (T-+) XFy=0 olmalidir.

= 116.67 - 26.67 -15x6 =0 1~

Kontrol-2) (—+) 2XF,=0 olmalidir.

= —107.50+87.50+60-40=0 »=

Kritik kesitler tanimlanir ve kesimler yapilarak kesit zoru

degerleri hesaplanir.
15 kN/m

1075 kN —=—

116.67 l-cl\uT

30 kNm

60 kN @) 3)

tana=%::» o =33.69=sinee=055 ,

| B

sinf=—=0.80 , cosB=§=U.60

—— 4 I
()(5}\

cos o = 0.832
H, = 87.50 kN —3=

26.67 kN

40 kN

20 kN/m
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1 nolu kesit:

M, =0

S T, N, =107.50 x 0.832 + 116,67 x 0.555 = 154,19 kN

107.5 kN T, = -107.50 0.555 + 116.67 x 0.832 = 37.41 kN

Nl
116.67 kN i‘\ 7
£
N
2 nolu kesit; 116.67-90=26.67kN
M, =0 I

N, =107.50x0.832 + 26.67 x 0.555 = 104.24 kN

T, =-107.50x0.555 + 26.67 x0.832 = -37.47 kN
‘Bx N, Ty

tana:% o =33.69= sine.=0.555 , cosc=0.832.
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3 nolu kesit:

M; M, =0

N, = 87.50 —-é—x 20x 4 = 47.50 kN
T, = 26.67 kN

T3
T3 M : 4 3
3 S0 EMNm 5{n|3=§=ﬁ,3{} , msﬁ=§=ﬂ+ﬁﬂ

N; < ‘/’

40 kN

M, = 8750 6N —— B 20 kN/m

26,67 kN
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4 nolu kesit:

26.67 kN

M, = 87.50x 4 — 26.67 x 3~ 40 xg - 163.33 kNm

N, = 47,50 x0.60 +26.67 x 0.80 = 49.84 kN
T, =-47.50%x0.80 + 26.67 x 0.60 = —22.00 kN

6 nolu kesit:
T Q
N
6 N6 TG
§ Me
M, =0 (K7s ™ 87.5 kN
Ng = 87.50x0.60 + 26.67 x 0.80 = 73.84 kN B
Ty =-87.50x0.80 + 26.67 x 0.60 = -53,99 kN
26.67 kN

sinp=—-080 , cosp= -:- 0.60
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26.67
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Sekildeki sistemin M, N, T diyagramlarini ¢iziniz.

i : A
2m |

| - m D vV E

T ZX T AN
Hp T T

VD VE
3m 4m 4m
|: :]|: > >

2Fx=0 Hp=0

YMp=0 44-8Vy=0 = V=2t

YFy=0 Vp+Ve-4=0 = Vp+2-4=0 = Vp=2t

50/97



I bilgesi

YFx=0
YFy=0
XM=0
x=0 i¢in

x=7 i¢in

0<x<7Tm

Ni(x)=0

Ti(x)-4=0 Tix)=4t

Mi(x)H4)x=0  M(x)=-4x
M, (x)=0
Mi(x)=-4(7)=-28tm

28tm

__________________ P e
@

4 1

__________________ e

(M)

(N)

(1)
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2Ex=0 Ta(x)=0
2Fy=0 Na(x)=-41
2M=0 M>(x)+4(7)=0 Ma(x)=-28t

I1 bolgesi 0<x<2m

28tm
|’
11
; J — ©
| [ A
Ma(x) I X
Tox) g _ (M)
Y N1 (X)
7m

(D)

II

I

4

(N)
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Il bélgesi  0O<x<3m

4t
:" """""" A
2m : h{_{{‘{a
4 : i “1] = NilX)
—
Tsix)

: S 'I
2Fx=0 N3(x)= 0
2Fy=0 Ta(x)=-4t
YM=0 M;(x) - 4 (7-x)=0

Mai(x)=28-4x x=0 M=28tm

x=3m M=16tm
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I

28tm

11T

41 q_: (T)
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IV bolgesi

SFx=0
SFy=0

XM=0

0=<x<=8m

Ny(x)

Ny(x)=0

Ta(x)= -2t

Ma(x)-2 (x)=0 Ma(x)=2x
My(x=0)=0 My (x=8)=16tm

Ma(x)
2t

l6tm




28tm

28tm

Denge Sarti: Diyagramlar cizildikten sonra diigiim noktalarinda moment denge sarti kontrol
edilmelidir. Ornegin C noktasinda ~M¢=0 denge sart1 saglanmustir.
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4t

AN
R

i

2t

4t

(T)

e

L A A

4t

(N)
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PROBLEM 4.5

Sekildeki sistemin M. N, T diyagramlarini ¢iziniz.

- g g =t
' B I A
:
B
m E
: 5t
1 C
- I DIV l \ E
- e A
Hp
Vb T VE
3m 2m 2m 4m
| N L A |
™ | "I " |

2Fx=0 Hpt+2-0 = Hp—-2t
SMp=0 52+444+228 V=0 — Ve=3.75t

LFy=0 Vp+Vg-3-4=0 = Vp+3.75-8=0 = Vp=5.25t
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I bélgesi

x=7 Icin

0<x<7m

Mi(x)
At
- 21
Ni(x) F = -—--- A -
WT](X}
[e—
Nixp2=0  Nj(x)=2t
T1(x)-4=0 Ty(x)=4t 28tm
Mi(x)H4)x=0  My(x)=-4x H““Wﬁ
Mi(x)-0 LU m )
Mi(x)=-4(7)=-28t 3 :
1(x)=-4(7)=- 4_1_#
(N)
4t !
ﬁ (T)
P e
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IT bilgesi 0<x<2m

y I

28tm 2t 4t

. Tm y J I
I " f
Fl'
32 tmt
(M) (T) (N)

SFx=0 Ta(x)=2t
TFy=0 Na(x)=-4t
TM=0 Max)+H7H2(x)=0 Mi(x)=-28-2x

Mx(x=0)=-28tm, Ma(x=2)=-32tm
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111 bélgesi 0<x<3m

4t
2t
T A "
1
2m || Ma(x)
M Ni(x)
-
Ts(x)
L 7m 1
[ "l
2Fx=0 Na(x)=-2t I
SFy=0 Ta(x)=-4t (M)
32tm
*M=0 Mi(x) -4 (7-x)-2(2)=0 -
Ma(x)=32-4x =0 M=32tm I
_ . g o g ET m R P ey g e e
¥x=3Im M=20tm 2t {N_}
II
4t #5 (D)
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IV.bilge 0<x<2m

Mi(x) 5t
T Tu(x) l E
Ni(x) g e Ay
SFx=0 N(x)=0 [

X tm
Ta(x)=5-3.75=1.25 fe—f+——

IM=0 Muy(x)+5(x)-3.75(6+x)=0

SFy=0
Ma(x)=-1.25(x)+22.5

x=01icmm  Ma(x=0)=22.5tm

x=21¢in  Ma(x=2)=20 tm

20tm '“'“"""“'""“'ﬁ_j"““"" (M)

s TSI
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V bilgesi 0<x<6m

Ms(x)
K—‘ TTﬁqx) v
Ns(X)*+——""—————————————— A
N ’_ A -
Tiast
X
|« |
YFx=0 Ns(x)=0
TFy=0 Ts(x)=-3.75t
YM=0 Ms(x)-3.75 (x)=0 Ms(x)=3.75x

Ms(x=0)=0 Ms(x=6)=22.50 tm

22.5tm (M)

3.75t

(T)

__________________________________ (N) 63/97



28tm \HT%WHTWM
L P
, B A
]
© |
]
!
5 D E
32tm cl 7\
ATtm 22.5tm

Denge Sarti: Diyagramlar cizildikten sonra diigiim noktalarinda moment denge sarti kontrol
edilmelidir. Ornegin C noktasinda TMc=0 denge sart1 saglannmustir.
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4t
=

1.25t

375t

C
41

2

(T)
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- -----------------------ﬁ
L

i)

_-_é__

C

4t
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PROBLEM 4.6

3m 17

Y Fx=0

% Fy=0

3t

4m 4m 4m " By
e R
Sekildeki sistemin M, N, T diyagramlarinin ¢iziniz. I bislgesi 0<x<4m
Bx-4=0 => Bx=4t Mi(x
_________________ Ni(x
Ay+By-3-3=0 =>  Ay+By=6t é}\ B’ ®)
G
Ti(x)
Ay 12-38+43=0 => Ay=It By=5t ltT <

2MB=0

ZFx=0 => Ni(x)=0
ZFy=0 => -Ti(x)+1=0 =>Ti(x)=1
IM=0 => M;i(x)-1x=0 =>=Mi(x)=x

Mi(0)=0  Mi(4)=4 tm
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II bolge 0<x=<4m I bolge 0 <x<4m

M2(x
3t ™. ) Mi(x) 3t
_________________ UAX
5 * sl -
g Ta(x) | < X
1tI
I 4m X T3(x)
SFx-0 Na(x)=0 SFx=0  Ni(x)=4t
YFy—0 1-3-T»(x)=0 SFy=0  Ts(x)=3t
Ta(x)= -2t SM=0  Mj(x)=-3x
YM=0 Mao(x)+3%-1 (44%)=0  Ma(x)= -2x+4 Ms(0)=0  Ms(4)= -12tm
M(0)=4tm Ma(4)= -4tm
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IV bolge 0<x<5m

cosa=4/5=0.8
sino=3/5=0.6

XFy™=0 Ni(x)+5 Sino+4 Coso=0
Na(x)= -6,2t

YEFx’=0 Ta(x)+5 Cosa -4 Sina=(0)

Ts(x)=-1.6t
ZM=0 Mi(x)-5 Cosa x+4 Sino x=0
M4(0)=0 Mj3(5)=8tm

Muy(x)=1.6x
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4'[

(N)

1.0t

6.2
3.0t

(T)

2.0t
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Sekildeki cercevenim M, N. T diyagramlarini gergeve bolgelerinde
kesim yaparak ciziniz (A-1, 1-2, 3-2, B-3)

15 kN/m

{1

b
=
|

VVVVVVV
Fu
:
A
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lPlz"'{} KN @=8 kKN/m

| \l/\w\l’ fmy

;=15 kN/m
H\f\r’\fhl/\;"\.f\.r"
!

/e(

i 4m 3m

Y X=0=q,6-H,-P,=0=H =156-15=75kN

> Mg=-V,8+q.63-FA4+q,3.(5)-P,3=0=
- 156.3-204+83.(1.5)—-15.3
A

8

=22.625kN

72197



lPlz"'{} KN @=8 kKN/m

| \l/\w\l’ fmy

;=15 kN/m
H\f\r’\fhl/\;"\.f\.r"
/e(

- 8.3.(9.5)-153+204+15.6.3
B
8

= 606,625kN
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iPlz"'{} KN =8 kKN/m
]

| \I/\I’N/\]/ Smy

;=15 kN/m
H‘\;"‘w"\.f"hl/‘\;"\f\f
I}

/,e(

TVB:66,625 KN
S

4m

SY=-V,~PF-q,3+V;=0=-22,625-20-83+66,625=0
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M, =H  x —ql.xl.% T, =H,—q,x;

lPF"U kKN q=8 kN/m
]

q:=15 kN/m
VAR hl/ VAR
!

<
=

E\‘ .
PL:'

=22 625 kN i
\

4m i

4m

Sm,

T o

I /5= 66,625 kN

3m

N=V

M, =0. T,=H,=75kN.



lPlz”(} KN =8 kN/m
|

[ \l/\lfﬂ/‘l’ Smy

q;=15 kN/m
Vv VWV hl/ VAV
]
/e(

\g‘ =
PL:'

Va .!:22,625 kN TV = 66,625 kN

Egilme momentinin maksimum deger aldigr kesitin yert:

IT,=H,-q,x,=0= 75-15x,=0 = x,=5m. 11{{““2?5.5—15‘ =187,5kN.m

xl

x,=6m = M_ =75.6-15.—=180kN\. T.,=75-15.6=—15kN.
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lP1=2{} KN q=8 kKN/m

; ‘%VVNXZ | | \lfw\l/ 8;_11“\
Eia ! J R

qi=15 kN/m
v W VWl
q;=15 kN/m
VAR |~l/ VAR
!
,e(‘

¥
W H, =75 kN

/%7_

=22,625 kN

g\‘ .
PL-:'

7, ':22,625 kN TVB =66,625 kN

-
L

¥

S

O0=x,=4

|~

M, 0 0

it it

I'=-V,=-22625kN; N=-q,6+H, =-156+75=-15kN.
x,=0= M_,=180kNm., x,=4m= M _, =180—(22.625).4 =89.5kN.m

=H,6-¢.—-V,x,= ?5.6—15.%—(22,625).:«'2 =180 — (22.625).x,
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=7 r A=
P.=20 lPl 20kN @=8 KN/m

! \I/W‘l/ DI

)
|
= 1
1]
N
J)
\fz
&
|'\-J5<
X
V'

S H. H

- e :
<2 S | 4 =

- ?{ . o >| TX3 E :: < ............................... 3. > A m
AK z <) oV
w | ST TA o | S TR P,=15 kN
[ 2 7 =}
7‘;: X, | s> x, eni

WV H,=75 kN

/g;

v, 722625 kN

\/ H,=75 kN

E\‘ :
PL:'

TVB = 66,625 kN
L 3m.

=22.625 kN |
¥, ' E

180 kNm

A
=

Am

6
4 < X5 <8 ng = q16§ — HA6 — VAx3 — Pl(X3 — 4) = 180 — 22,625X3 — 20(X3 — 4)
M., =180V, x,~P.x,~4): T =V, P =-22.625-20=—42.625kN; N =—15FN.

x,=4m= M _, =895kNm. x, =8m= M _, =180-(22.625).8-20.4 = -81kN.m.
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lP1=2{} KN q=8 kKN/m

| \1’\1’&\1/ 8,

] )
| ] . Wl :

q;=15 kN/m
VAR |~l/ VAR
!
,e('

g\‘ .
PL-:'

=22,625 kN TVB =66,625 kN

-
b

S

B-3 bolgesinde,
M=0.: T'=0: N=-V,=-0606.625kN " dur.

O0<x,=3
M, ,=-Px,; T=P,=15kN: N=-V, =-66.625kN

x,=0= M_, =0, x,=3m= M_,=-153=-45kNm
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2 kKN/m

q;=15 kN/m
VAR |~l/ VAR
!

g\‘ .
PL-:'

e
L

y f_22'625 kN
Am G

—36

lPF"{} KN =8 kN/m M,s
! ! T X A h
X 3 X : H !{i‘ :

LAm

sz .

|
!
I

AIx,rB:(se,625 kN
Sm

N=0

-

(L.5)°
2

=15m= M_=-8.

kKNm: T.=83=24kN

x5

= —O9kN.m



I'JJ
r

180

1875

M (KN.m)

I'JJ
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lpl:jﬂ kKN =8 kKN/m

VA

;=15 kN/m

22,625

QA

Tid
T,.

15 kN

15 kN

N (KN)

LY
66,625 E !
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lPFZU KN @=8 kN/m

VA

75
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180

11875

I'J.J

......... M (KN.m)

is S

Cercevenin genel denge kontrolii :

: 180
M divagramindan ‘ F-- ‘j
=~

> M, =180-180=0 50
81@-——-.;——-{ 2*6
Z;’vf2:36+45—81:0 :‘
<
45
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lPIZZD KN  @,=8 kKN/m

VWV

1 2

J::‘ oo am > =

=g i

Z > .

i

s> ni

< DN B

l Ysﬁ.ms kN

22625 kN

S
sl
B

=

o
=
=

\\

I' ve N diyagramlarinda isaretlenmis olan mesnet tepkilerinin degerleri
dikkate alindiginda

> X =156-75- . > ¥ =-22,625+66,625-20-83=0

olarak dengenin saglanmis oldugu goriilmektedir.
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Sekildeki cercevenim M, N. T diyagramlarini gergeve bolgelerinde
kesim yaparak ciziniz

P =20 kN
q =10 kN/m f_]

2 JfW\LW;vM'J/\L) o

; EMZIO KN.m
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4 P=20 kN
=10 kN/m ‘

f}f\l/\l/\f;\f\
\

Z}":{]j V,-P-q.6=0 = V,=20+10.6=80 kN
qy-4

1
SM,=0= -Hy2+M+q63+P3+3~ ~4=0
a

84 1
10+10.6.3+20.3+ T.:.Ll

H, = . £ 3 _135.6667kN
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4 P=20 kN
=10 kN/m ‘

f}f\l/\l/\f;\f\
\

4 24

> M, =L

— %.(0,66667) +80.6-10.6.3-20.3+10
H,=—= 5 =119.6667 kN

4 .
> X= ‘Y‘j} +H,-H,=0= ¥+1'19_,666?—135,666? =0

i v

(—-2)+V,6-q63-P3+M-H_ 2=0
D
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Cercevenin bolgelert icin M, T ve N nin degerlerinin hesaplanmasi

<
QO_Cle_)q _Conl
Y. 4 x4
2
Ax1%*1 _ 9o*1%1 8x1 — 22
0<x <4 2 4 2 8 !
X 2 "1 xlj 2
M,=-Rq,—=—x.—=——7: I,=Rq,=x;. N=0.
2 2 2
~3
x,=0=>M_=0:T7,=0: x,=2m=>M_  =———=-2666kNm:.T,, =4kN.

’E
x,=4dm=>M _, =——=-21333kN.m T, =16kN.

(s
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2“\ X3 S""M,,
I=10

KNm Y
> N, 5

O0=x,=2
M ,=Hg,x,: I'=—-H,=-135.6667TkN: N =0.
x,=0= M_,=0: x,=2m= M_,=(135,6667).2=2713333kN.m
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E qo-*
Iy . = T . E
Ty / APl E&‘A
= KN A5 .
PANAA
\ 8 ....................‘3‘\. x4 o p—— Ili\“r _.__._.__"'5.,,:
(o= ; 23:1:1{} KN.m  x M=10 kN.m
} Tx4 et

0<x,=<3

M_, :Hb.Z—M—q.i—§:27’1,333—10—10.f =261,333-5.x;

T=qx,; N-= —HE—: —135,666kN. x,=0=> M _, =261333kNm; T, =0:
x,=1L5m= M_, =2613333-5.(15)" =250,08333kN.m :

x,=3m= M_, =261333-5.(3)>=216,333kNm: T.,=103=30kN.
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OSX2S3

8. X>
sz - 754 — 1O.x27 + VA-xZ

V, =80 kNm H, = 119.667kN

WU L O S P R L R L

xz —_ 0 - sz —_ 2133
X, =3 > M,, = 2133 — 45 + 80.3 = 216.33 kNm

sz :VA_]-O'xZ
x2=0—>Tx2=80kN
X, =3 = T,y = 80 — 30 = 50 kN

8.4
Nxp = —Hy = — = —119.667 — 16 = ~135.667kN
x, =0- N,, = —135.667 kN x, = 3 > N,, = —135.667 kN
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P=20 kN

q=10 kKN/m

)q E—‘ Hz=135.667
S ~
3] VA A |

qo=3 k§1 S

H,=119.667kN s M=10 kN.m
v.=8okN

- ~ayr— [p——

B\ ST P S

2.0m

Moment diyagrami

_Y 2.666

——— = -,

21.33

_——— 271.33

21.33 | +

1216.33 261.33
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P=20 kN

| E—-q Hy=135.667
q=10 kN/m E

1
1
1
—> VV\I/V\I/VVVVV\I/V\»:’-2

Q=8 kﬁl N
Ha=119.667kN : MELO KN

B\ ST P S

Kesme kuvveti diyagrami

2.0m

80 kN
135.667 kN

_Y 4 kN
50kN

30kN

+
1

16 kN -« 135.667 kN
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P=20 kN

< E—-q Hy=135.667
q=10 kN/m E

1
1
1
—> VV\I/V\I/VVVVV\I/V\»:’-2

Qo=38 kﬁl =
Ha=119.667kN : MEL0KN.m

V,=80kN

IS\ SR PR | .

Normal kuvveti diyagrami

135.667kN - 135.667kN
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Cercevenin genel denge kontroll

21.33

—— -,

21.33 ]

M=10 KNm

261.33

271.33
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Yatay ve dusey kuvvetler denge kontrolu

Hp=135.666 kN

<
P=20 kKN
(=10 kN/m |
\ \f\l/&v\l/vxl/vv\l/vv\l/'l\
=7 >
Jo=8 KN/m A Ha=119.666 kN 1=10 kN.m
Va=80 kN
i 754 . 8.4
Zl =H, + S —Hg :119,_666+T—135._666 =0

Z}"sz —q.60-P=80-10.6-20=0
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