STATIK- MUKAVEMET

4. Hafta
4.1 RIijit Cisim Dengesi

Dlzlemde Parcacik dengesi
F2 "F1
I’article

W
T Fx = Fy -0

Duzlemde serbestlik derecesi
dx, dy,0 (iki 6teleme , bir donme)

Bl
0
y
B
Al dy
A dx o
X
Taslyici sistemler
-Bir boyutlu cubuk (dgru eksenli, gri eksenli)
| |
-ki boyutlu levha, plak 4
A

-Ug boyutlu



Baglar (mesnetler) ve b& kuvvetleri
- Bir dogrultuda hareketi kisitlanan baglar (kayici)

y
B Bl 0
2
A AT
o dx ? Fy X

- iki dogrultuda hareketi kisitlanan baglar (sabit)

Y B1
dy=0

Fx

dx=0 X

Fy
|

- Batuin hareketi kisitlanan baglar (ankastre)

y 0=0
dy=0
Fx

dx=0 X

Fy
|




-Bir dogrultuda hareketi ve donmesi kisitlanan bglar (kayici-
ankastre mesnet)

dy=0
6=
M Fy
Rijit Cisim dengesi
SF=0 and > M-0
Or,
ZFx =10 ZM}{:O
> Fy=10 and 2_My=10
S F:=10 2 M:=0

4.2 Mesnet Tepkileri

Duzlemde 3 adet lgekuvveti (mesnet tepkisi) vardir.

Bu 3 bilinmeyen bakuvveti, 3 adet denge denkleminden hesaplanabilir.

Dlzlemde x-y



Fz =) . M;{: M}r: 0
So,

2 Fx=0, Z_Fy=0, >_Mua=0
Where, M = Moment about Z-axis at any
arbitrary point A.

We can replace any of the 3 equations with
> Mzg= 0, where B is again an arbitrary

point.

S Fy=0, Y Fy=0, > M3p=0
or,

S F.=0, > Mg=0, > Mau=0

ZMEA: 0: ZMIE: 0, ZMﬂ:: L
Where A, B, C do not form at straight line.

NOT:

3 bilinmeyen bulunduktan sonragdr denklemler kontrol icin
kullanilabilir.

Ex
Wemayuse > F,—0, 2 Fy—0, > Mza=10

check with > M,g=10

Bag cssitleri

1-Kablo  (cable)
2-Pandul Ayak  (short link)
3-Kayici mesnet (roller)

4- Kayicl mesnet (roller/pin in smooth slot)
5- Kayicl mesnet (rocker)

6- Kayici mesnet (smooth surface)

7- Kayicl mesnet (pin/collar smooth rod)

8- Sabit mesnet (smooth pin or hinge)
9- Kayici ankastre mesnet (fixed collar smooth rod)



10- Ankastre mesnet (fixed)

Types of Connection Reaction Number of Unknowns
]
EN m One unknown. The reaction is a tension force which acts
F away from the member in the direction of the cable.
cible

2

/ \ (] or f One unknown. The reaction is a force which acts along
iy O the axis of the link.
F I

weightless link

3
One unknown. The reaction is a force which acts
perpendicular to the surface at the point of contact.
;) (7]
F

roller

(4)
’.:j o One unknown. The reaction is a force which acts
g Y g8 perpendicular to the slot,

rolier or pin in
confired smooth siol

(5}

One unknown. The reaction is a force which acts
i) perpendicular to the surface at the point of contact.

meker

One unknown. The reaction is a force which acts
4 perpendicular to the surface at the point of contact.

smoolh contacting F
surface

One unknown. The reaction is a force which acts
] perpendicular to the rod.

member pia connecied
toeollar on smooth mod



Types of Connection Reaction Number of Unknowns
(®) - F, F i/"
¥ : / Two unknowns. The reactions are two components of
I// or 0 force, or the magnitude and direction ¢ of the resultant
N 7“: ¢ force. Note that ¢ and g are not necessarily equal [usually
= not, unless the rod shown is a link as in (2)].

smooth pin or hinge

(9)

Va
< 2 / [s -
( '\5 Two unknowns. The reactions are the couple moment and
“-VM the force which acts perpendicular to the rod.
. ]
member fixed connected
te collar on smooth rod
(10)
F, F
1 F g 7 Three unknowns. The reactions are the couple moment
e § :_,‘— or 7 and the tv_vo force compopents, or the couple moment and
M M the magnitude and direction ¢ of the resultant force.

fixed support

4.3 Statikce Belirli [zostatik), Statikce Belirsiz (Hiperstatik) ve Oynak
Sistemler

Mesnetlerin baglilik durumu

- Tam bal (statikce belirli), (izostatik)

- Fazla bl (statikgce belirsiz) (hiperstatik)
- Eksik bali (oynak sistem)

Oynak
Tam bahdir sistemdir

Eger 3 denklem, 4 bilinmeyen varsa bir bilinmeyen faadir, bu
sistem hiperstatiktir. Denge denklemleriyle ¢6zileraz.



i
Eéz-

s RxB
TRYA TR_YB
| L2 — L2 —

Eksik bagl sistemde, 3 denge denklemi var, fakat 2 gskuvveti var,

yani bir bag eksik sistem hareket edebilir.
Bu sisteme oynak sistem denir

M K
Ar 60° 5 B
! L2 ! L2 l
F.B.D.
M F
60’
TRyA TR:;B

| L2 —] L2 —]

3 equations but only 2 unknows
2Fx=Fcoso0 =0

S0, move to left, unstable!

3 bilinmeyen ve 3 denklem olmasina @gmen bazi sistemler yine
oynaktir. Asagidaki seklin x yontnde hareketi kisitlanmams,
sistem geometrik olarak oynak sistemdir.



|
M F
{?{60"
T Rjr_._ﬁ, Rxc TR;;B
| L2 — Lz —
3 equations & 3 unknowns, but

ZFx=F cos 60 =0
Geometrically unstable!

4.41ki kuvvet etkisinde sistemin dengesi
Eger rijit bir cisme iki kuvvet etkiyorsa

Ayni siddette, ayni dgrultuda ve ters yonde olmasi gerekir.

(1). > Ms#0 SinceFh

F2 B
h
F1
B
Fi (2). 2 Ma=0 but > Mg =0
h
Since F; h
F2 A Kl
6 3). > Ms=0 > Mg=0
0
F1

ZFIZO Flei
(-F cosO— F cosQ=10)

4.5 3 kuvvet etkisinde denge

Eger 3 kuvvet bir noktada kesyorsa veya 3 de paralel ise denge



yoktur.

(1). 2~ M= 0, Since Fyb

F

(2). 2~ Msy=0, O.K.

F1

A

> F =0, 50 not in equilibrium

4.7 Cok Parcall Tayici Sistemler :

Cok parcali tayici sistemler

f=2p-2

p:levha sayisi (cubuk sayisi)

f:bag kuvvetleri toplami (bilinmeyen sayisi)
izostatik igin

s=3n

s:toplam statik dger sayisi

n:levha sayisi (bilinmeyen sayisi
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In the analysis of frames, we can separate out each
member of the frame and analyze each member as a
gseparate body.

C | BN

B <// W

S

— R
fn " U Should be able to
\ ¥ § solve by 2-D equil.

= M -
T
/F
/[y; o Cr— Cy
s F
B/ Buk’/ ED
14/’
ED A
ST ?"R}{
&»RY
CX -
L 4 Iw
CY DE

Bodies CD & AC can solved for by 2-D equil.
>F = >R, =>M=0
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Some frames would not be nigid if they had
inadequate supports.

= Collapse

), € ' ~ )
777 Ly i

SM.=0 =
SM;=0 =R,

TRAY TRCY

Now 1t 1s rigid. However, for the whole body we
have 4 reactions & 3 EQNS. We can find the
other reaction by considering the 2 members AB

& AC ag geparate rigid bodies.
By
Pﬁb \LﬁB - BK-{—
°L B
T
T R, _Iicx
Ry R cl

>Mp=0 =R,x >Mp=0 =R %
> Fx=0 =By Or look at total struct &

> F,=0 =By >F =0
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Example:

Solve for:
4). Determine tension in cable

b). Determine reaction at C .

Adim 1:
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F.B.D.

S00 N

Angle related to Ty

25 m

0.125m
30°

0.25m

0

25c0s830
=.2165m

375
tan g = 2165

= 0 =60"

Adim 2. Kablo kuvvetinin Bulunmasi



14

Decomposition of Ty

A e
Tgx; TA cos 60 =0.5 TA
Loy Tay= Tasin 60 = 0.866 Ty
A

_|_
A25m ¥ Ry
| Ly 300 Ry
CMS']B
0.2165m S0D0N

B

2ZM=0

Tay(0.2165) - Tax(0.125) - 500 (0.2) sin30 = 0
So,

Ta(0.866)(0.2165) - T4(0.5) (0.125)- 50 =0

Then, =400 N
Adim 3. C noktasindaki tepkilerin bulunmasi
2 Fy=10
Tax- Roy- 500 -0 = 0.5 (400) - R S00=10
Rox=-300 N
2F =10
-Tay-Rey= 0 = Roy=-346.40N

Ref 5 : R.= ,V’(g[m)z+ (34!‘5.4)2 = 45825 N

0 = tan (3"“) 49.1°
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Gerber Kirgleri

p Wq
_yv ~ B
L . L -
| | |

| N
|

1). Ornek:
2000 lbs

3000 ft Ibs
A g Cl

3 ft 2 ft

A Noktasindaki Ba kuvvetleri bulunuz

FBD
2000bs 7’ >F, =0 5F, =0

M, 3000 ft Ibs T R, = Rs, - 2000=0
X

R,, = 2000 Ibs

M, =0
M , +3000-2000(5) = 0
M, = 7,000 ft lbs
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2). Ornek: AB nin azirligl 250 pounds ve butin yizeyler kayicl.

B
4 ft

6 ft c
Cable

S5¢°

Kablo kuvvetini, A ve C noktasindaki mesnet tepkiiebulunuz

FBD
SF, =0 SF, =0
F -R.cos40=0 R, —W +R.sin40=0
F-0.766R. =0 R, + R.sin40= 250

R, +0.643R. =250

SM, =0
~ F (2sin50) W (6c0s50) + R. (8) = 0
~153%F +8R. =964.2

3 denklemin ¢6zimunden:
Ra=159.2 Ibs
F=108.2 Ibs
Rc=141.2 Ibs
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3). Ornek: 5500 Ibs.grligindaki araba yukari dou ¢cekilmeye
calisthyor (G. Agirhik merkezi)

Koblodaki kuvveti ve tekerleklerin yagtikuvvetleri bulunuz.

FBD

R,, A noktasina gbre momentten hesaplaniyor

M, =0
R, (50) ~W, (6) ~W, (25) =0

50R, —5500c0525 (6) —5500sin25 (25) = 0
R, =1760 Ibs

R, B noktasina gére momentten hesaplaniyor.

M, =0
~ R, (50) —5500c0s25' (6) + 5500sin25" (25) = 0
R =564 Ibs

T: x yonundeki dengeden hesaplaniyor
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SF, =0
-T+W, =0
T =5500c0s25
T =4985 Ibs

Kontrol:

SF, =0
564+1760~55005in25 = 0
-04=0

4). DF deki gerilme 150 kN

D
A
2.25 m
A B
v v v |°\ !
20kN 20kN 20KkN 20kN 3.75 m
E F
T s

1.8 m

E noktasindaki bag kuvvetlerini bulunuz (E ankastre mesnettir)

FBD
S DF =+/45% +62
DF =75m
A B SF, =0
* * * * y - E, +150sind =0
20kN 20KkN 20KkN 20kN 45
Mg E, = 15((_'j
X 75

E,

E,
5F, =0 Mg =0
-80+E, —150c0s8 =0 Mg +20(1.8)(4) + 20(1.8)(3) + 20(1.8)(2) + 20(1.8) —150sin8(6) = 0
45
E = sousf{ij M, = 15({—)(6) ~360

E, =200 kN Mg =180 KN m
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Example 2:

Knowing that P=201b and Q=60lb, determine the components
of all forces acting on member BCDE of the assembly shown.

iRﬁY
B
AlLD 0 mE—
C ‘ B 4d1in
u] u] || -
L LI
‘ ./;|; R.CXD| . YP
- 61n | 61N 4in | Sm_{
Find rections:

ZMe=0 90(12)+60(4)-Ray(12)=0=-R,+=1101b
‘ZFX =0 ch: -60 |b

SFy =0 R.,=200lb

Member BCDE:

>F4x=0 Dy=601Ib

>Mp=0 By(10)-200(4)-90(8)=0
= By =1521b

2Fy=0 200-90-By - Dy=10
== DY:-421b
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Example 6.3:

Determine the components of the reactions at A and B, (a) Tf

the 500-N load 1s appllied as shown, (b) if the 500-N load 1s
moved along its line of action and is applied at point F,

A, B.
—= Ay — By
300mm —|
Al B B
150mm
F
] n e
| 150mm
|
B [ Ip
120mm
S00N

=M,=0 B,(0.3)-300(0.18)=0 = By=300N
SFy —0 Byt Ay-500—0 > Ay 200N

= Fy= 0 or> M about any other point will only giveus A in
terms of B or vise-versa.

Ay
Look at AC: L A
v
1o
Cy
My~ 0 Ay(0.15)+ Ay (03)—0 = A, —-400N
Whole struct:

Ayt By =0 = By=400N



