MUKAVEMET

NORMAL KUVVET
Normal kuvvet etkisindeki bir cubukta
Stresses, strains and deformations
Consider a prismatic bar of constant cross-sedtemaa A
and length L, with material properties A & v. Leetrod be
subjected to an axial force “p”, which acts alorgxxs.
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We know that internal resultant force
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Sekil degistirme asagidaki gibi hesaplanabilir
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Burada k ¢cubugun rijitli gi, bununtersi olan f ise fleksibilitesi
olarak isimlendirilir
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Degisgen kesitli cubugun yer degistirmesi

Farkli iki malzemeden yapilmis cubuktaki yer degistirme
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Esnek cubuklara asiims rijit cubuktaki yer de gistirme
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Stresses in axially loaded members
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Uniaxial state stress is a special case of plane stress
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B,C —maximum shear stress elements.

A —Principal stress elements

Occurs at 45" to x—y or x—z planes.

' ’Z' }

- DUCtI!e max > p

P material Cup & cone
Ductile material are weak in shear. They fail along 7,
planes.

S
S e 0'14-: >0, p
P } Flat fracture

Brittle materials weak in normal tensile stresses. They fail
along o, planes.

Statikge belirsiz sistemlerde, denge denklemlerine ilaveten geometrik

uygunluk kos ullari yazi larak bu sistemler ¢ozulUr.

Stress: o= FfA (b /in% or Nim2)

straty £ = & Lo (no units)

Hooke'sLaw: E = o/ = (b fin,2 orNImzj
Deformation: & = FLIEA (in or m)

Ornek -1



Adi m1:

E T E sin 30
1
sn'\_

Ecos 30

Fx = Ax- E cos (30°) =0

Fy = Ay + E sin (30°) - 10,000 Ibs - 20,000 Ibs = 0

Ta = (20,000 Ibs)(4.8 ft) + (10,000 Ibs)(16 ft) + E cos (30°)(2 ft) - E sin
(300)(23.46 ft) =0

Bilinmeyenler: E = 25,600 Ib.; Ax = 22,170 Ib.; Ay = 17,200 Ib.

Adi m 2.
CE = 25,600 Ib.

A.) Stress in CE = F/A = 25,600 Ibs/(3.14*(.5 in)2= 32,600 psi.
B.) Deformation of CE = (FL/ EA)ce = (25,600 Ibs)(16 ft * 12 in/ft) / (30*10¢
Ibs/in2)(3.14*(.5in)2) =.209 in



C.) Strain in CE = (Deformation of CE)/(Length of CE) = (.209"/192") = .00109
D.) Movement of point D.
[Movement of C / 12 ft = Movement of D / 20 ft] or [.209 in / 12 ft = Movement

of D / 20 ft], and solving gives us Movement of D = .348 in.
Diagram 3

12 fi
EC

8
move, C = 209 in

D move.D

Ornek 2
|
A Diagram 1
6 fi
12,000 Ths
C
16,000 Ths
[? Ay Diagram 2
|

A v

6 fi
Ey
D E
B
4 fi 8 fi
4
12,000 Ths
c |
16,000 Ths
Fx=A«=0

Fy = Ay + Ey -16,000 Ibs - 12,000 Ibs = 0
Te = (16,000 Ibs)(12 ft) + (12,000 Ibs)(8 ft) - Ay(12 ft) = 0
Bilinmeyenler: Ay = 24,000 Ibs; Ey = 4000 Ibs
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1: FBD of member ABC. (Diagram 3)
Diagram 3

Diagram 5

24,000 h
Diagram 4 A

24000 Ths 6 fi
A 8,000 Ih
!
AB BC
Fx=Bx=0
Fy =24,000 Ib. - By - 16,000 Ibs = 0
By = 8,000 Ib.

Stress = F/A = 24,000 Ib/(3.14 x .52) = 30,600 psi.

BC deki Stress = F/A = 16,000 Ib/(3.14 x .52)

Stress (BC) = 20,400 psi.

delta C = Defas + Defac

C=[(FL/EA)as+ (FL / EA)Bc]

f C =[(24,000 Ibs)(72 in) / (10*106 psi)(3.14*(.5 in)2)]as + [ (16,000 Ibs)(48 in) /
(10*106 psi)(3.14*(.5 in)2)]ac

Movement of C = (.220 in) + (.0978 in) = .318 in

Ornek 3

steel : Est = 30 x 1068 psi,

Aluminum: E5 = 10 x 108 psi.
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A Diagram 1 E

10 f 10 &

4 fi 6 fi 2ft | 2fi
20,000 Th 10,000 Th
ﬁﬁ‘ﬁ’ Diagram 2 ifE}'
|
A E
10 f 10 £

4 fi 6 fi 2ft | 2fi

30,000 Th 10,000 Th

Fy=Ay + Ey - 30,000 Ib. - 10,000 Ib. =0

Ts = (-30,000 Ib.)(4 ft) + Ey(10 ft) - (10,000 Ib.)(12ft) =0

Ey = 24,000 Ib.; Ay = 16,000 Ib.

Fas = 16,000 Ib. (tension),

Foe = 24,000 Ib. (tension).
Stress AB = F/A = 16,000 Ibs/.5 inz = 32,000 psi.,
Stress DE = F/A = 24,000 Ibs/.5 in2 = 48,000 psi.

Defas = (FL / AE)as = (16,000 Ibs)(120 in) / (30*106 Ibs/in2)(.5 in?) = .128 in
Defep = (FL / AE)ep = (24,000 Ibs)(120 in) / (10*108 Ibs/in2)(.5 in2) = .576 in

Movement of point F.
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Diagram 3
B 4 C 6 fi D 2fi F2f/ G

e o |
1:.128111 128 i.ni 41 J28 in

A48 in

Movement of F = .128 inches + .5376 inches = .666 inches

Ornek
Ea =10 x 106 psi

Cozum:
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A
Ax
6 fi
D
B
A 8 fi
4fi
C 12,000 Ths
16,000 hs
Fx=A«=0

Fy=Ay + Ey-16,000 Ibs - 12,000 Ibs = 0

Te = (16,000 Ibs)(12 ft) + (12,000 Ibs)(8 ft) - Ay(12 ft) =0
Bilinmeyenler

Ay = 24,000 Ibs; Ey = 4,000 Ibs

24,000
Ihs

BC
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24 000 Ths

&

Fx=Bx=0

Fy =24,000 Ibs - By - 16,000 Ibs = 0
Bilinmeyenler:

By = 8,000 Ibs

Stressas = F/A = 24,000 Ibs/.785 in2 = 30,600 psi

Stresssc = F/A = 16,000 Ibs/.785 in2 = 20,400 psi

movement of C = Defag + Defac

move.C=[ (FL / EA)as + (FL / EA)ac]

move.C=[(24,000 Ibs)(72 in)/(10*108 psi)(3.14*(.5 in)2)]as+[(16,000 Ibs)(48
in)/(10*108 psi)(3.14*(.5 in)2)]sc

move.C=(.22 in) + (.0978 in) = .318 in

Ornek
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Ecos 30

Fx = Ax - E cos (30°) =0

Fy = Ay + E sin (30°) - 10,000 Ibs - 20,000 Ibs = 0

Ta = (20,000 Ibs)(4.8 ft) + (10,000 Ibs)(16 ft) + E cos (30°)(2 ft) - E sin
(30°)(23.46 ft)

12 fi
EC
8 A
move, C = 209 in

D move.D
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E = 25,600 Ibs; Ax = 22,170 Ibs; Ay = 17,200 Ibs

Stressce = F/A = 25,600 Ibs/.785 inz2 = 32,600 psi

Defce = (FL / EA)ce = (25,600 Ibs)(16 ft * 12 in/ft) / (30*106 Ibs/in2 )(3.14*(.5
in)2)=.209 in

move. C /12 ft = move. D / 16 ft

.209in /12 ft =move. D/ 16 ft

movement of D = .348 in

Ornek
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Cozim: E b in 30
11} ___
S0 £
Ecos 30 1231t 1ft D
4 ft
L ___3T
112 ft
41 12,000 s
16 fi |
B |
I
|
. 81 10,000 hs
!
A
a 53° | I
AXT 46t 488 | !
: |
]
J’L}r_ 96 ft |

Fx = Ax - E cos (30°) =0

Fy = Ay + E sin (30°) - 10,000 Ibs - 12,000 Ibs = 0

Ta=-E sin (300)(4 ft) + E cos (30°)(16 ft) - (10,000 Ibs)(4.8 ft)- (12,000 Ibs)(9.6
ft)=0

E = 13,790 Ibs; Ax = 11940 Ibs; Ay = 15,100 Ibs

Stressce = F/A = 13,790 Ibs/ .785 in2 = 17,600 psi

Defec = (FL / EA)ec = (13,790 Ibs)(12.9 ft)(12 in/ft) / (30106 Ibs/in2)(3.14 * .5
in2) =.0912 in

Mov. C /12 ft=Mov. D/ 16 ft

.0912in/12 ft = Mov. D/ 16 ft and so Mov. D =.122 in
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Example 1:

Diagram 1
T C le— steel E e Aluminum

A= 5i.u.2

P=10,000 Ih=
Diagram 2 T For T fal
T C Steel E Aluminum
6 fi
A= Sind A=lin?

A}, a 6 fi »|a G fi | 6 I *
P=10,000 s
ZF: - D Ax= 0
> Fy =10 :-Ay + Fst+ Fa - 10,000 1b. =0
2T =0, Fa (B 1t) + Fa (12 ) - 10,000 Ib. (18 ft) = 0
TFSt TFM
Diagram 3
1ag C Steel E e Aluminum
66t [| A= 50n° 66| A=1n?

Movement
of Point F

P=10,000 Ihs
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Deformation of Steel / 6 ft = Deformation of Aluminum / 12 ft
2 * Deformation of Steel = Deformation of Aluminum

or symbolically: 285 = da

deformation = [ force in member * length of member] / [ young's modulus of
member * area of member], or def = FL/EA.

2 * [FL/EA]st = [FL/EA]a

(2 * Fst*72")/(30 x 106 Ib/in2 * .5 in2) = ( Fa * 72")/(10 x 108 Ib/in2 * 1 in2 )

Fsi=.75 Fa
ZFx - I:I:Ax=0

2. Fr = IT’]:-Ay"' Fst+ Fa-10,0001b. =0

2.7 = 0. 4 Fe (6 ft.) + Fa (12 ft) - 10,000 Ib. (18 ft.) = 0

(.75 Fa))(6 ft.) + Fai (12) - 10,000 Ib. (18 ft.) = O;
Fa =10,900 Ib., and Fst = 8175 Ib.

Ay =10,075 Ib

Stress Steel = 8175 Ib/ .6 in2= 16, 350 Ib/in2,
Stess Aluminum = 10,900 Ib/1 in2 = 10,900 Ib/in2.

Def. = FL/EA = (10,900 Ib * 72 in.)/(10 x 108 Ib.in2 * 1 in2) = .0785 in.
.0785 in./12 ft = Move. F/18 ft,
Move. F =.118 in.

Movement
of Poimi F

Ornek
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20,000 Th

20,000 I 4
2. Fx = 0. Bx=0

LFr = 0. B Fo + Fei- 20,000 Ib. = 0

T, =0
ZT5= 0., ko (101t) + Fsi (6 ft) - 20,000 Ib. (12 ft) = 0
lFBr Diagram 3 1 Fg,
A=1.5in? "] 4= s

20,000 Ih

Deformation of Steel / 6 ft = Deformation of Brass / 10 ft
Deformation of Steel = .6 * Deformation of Brass
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or symbolically: 2% = .6 OBx

deformation = [ force in member * length of member] / [ young's modulus of
member * area of member], or def = FL/EA.

[FL/EA]st = .6 [FL/EA]g:

( Fst*96")/(30 x 108 Ib/in2 * .75 in2) = .6[( Fer * 96")/(15 x 106 Ib/in2 * 1.5 in2 )]
Fst=.6 Fgr

LF=0.8=9
2Fr=0.5 Fo 4 Fe-20,0001b.=0
T.=1
ZT=0 ,p,, (10 ft.) + Fst (6 ft.) - 20,000 Ib. (12 ft.) = 0

(Fer)(10 ft.) + (.6 F&r) (6 ft.) - 20,000 Ib. (12 ft.) = O;

Fer= 17,650 Ib., and Fst = 10,600 Ib.

By = 27,050 Ib

Stress Steel = 10,600 Ib/ .75 in2= 14,130 Ib/in2,

Stress Brass = 17,650 Ib/1.5 in2 = 11,770 Ib/in2.

Def. = FL/EA = (10,600 Ib * 96 in.)/(30 x 106 |b.in2 * .75 in2) = .0452
.0452 in./6ft = Move. D/12 ft,

Move. D =.0904 in.

Ornek

4 fi
Diagram 1 P= 50,000 Ib
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& Di 2
FStl iagram FStE
A F
FBr
Steel Steel
6f|A=5in D A=Sint|6 &
Brass
A=75in? 4 f
B C E
4 fi 4 fi
P= 50,000 Ib
ZF: = ':' .
2.Tr = O Egy + Fsg + Far- 50,000 Ib. = 0
2% =0:_Fgy(4ft)+Fsp(4ft)=0
FSt1 = FSt2’

Fst + Fst + Far- 50,000 Ib. = 0, or 2 Fst + Fgr-50,000 Ib. =0

& Diagram 3 F
Fan "8 S
A F
IFBr
Steel Sieel
rass A=S5in"|6f
A=T5in2 41t
]
bt By By
B 4fi C 4fi E
P= 50,000 Ib

Deformation of Steel = Deformation of Brass

or symbolically: 3% = O

deformation = [ force in member * length of member] / [ young's modulus of

member * area of member], or def = FL/EA.

[FL/EA]st = [FL/EA]s:
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( Fst*72")/(30 x 108 Ib./in2 * .5 in2) = ( Fa * 48")/(15 x 108 Ib./in2 * .75 in2)

Fst= .89 Fgr
2 Fx =10,

ZFT =0 -2 FSt + FBI’ —50,000 |b = O
E v =10 - FSt1 (4 ft) + FSt2 (4 ﬂ) = O
2 (.89 Fg/) + Fgr - 50,000 Ib. = 0;

Fgsr = 18,000 Ib., and Fst = 16,000 Ib.
Stress Brass = 18,000 Ib./ .75 in2= 24,000 Ib./in2,

Stress Steel = 16,000 Ib./.5 in2 = 32,000 Ib./in2.

Def. = FL/EA = (18,000 Ib. * 48 in.)/(15 x 106 Ib.in2 * .75 in2) = .0768 in.

sekli hangisi olabilir.

Sekildeki gibi A noktasindamemmmes ) B O)
asili  bir cubga etkiyen P
yikt ile  beraber, 0z
agirhginin da g6z onine
alinmasiyla meydana gelen
Normal kuvvet diyagraminin
P

D)

Sekildeki talyici sistemde A=10cfn
E=2x10 N/cn?, basing emniyet geriime
600 N/cn, cekme emniyet gerilme
1200 N/cni oldusuna gére emniyetl
tasinabilecek P kuvvetini bulunuz.

a= 40cm, b=60cmAL=NL/(EA)

RN 2))

P
—>

2

1

Sekilde iki malzemeden yapilg bir
¢ubuk P kuvvetinin etkisindedir. Bun|
gore gagidakilerin hangisi dgrudur.

A) N1=P/2 B) N2 = P/2

C) N1=P/3 D) 2N1+N2=P
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Sekildeki AC rijit cubigu, A noktasinda mafsall
bagli, B ile C noktasi arasinda q yayil kuvvet
etkimektedir. L=1m, qg=3kN/m ve esn€
cubuktlarda emniyet gerilmesi.,=1200N/cn
olduguna gore, cubiun kesit alanini (A )

X =

bulunuz.
2E,2A,2L]
EAL q
ARARRR AR ARAA|
- T | .
im 2m |

Sekildeki AB rijit cubusu, A noktasinda mafsal
bagli, B noktasinda P kuvveti etkimektedir. 1
2 nolu esnek cubuklarin kesit alanlar=A8cnf,
A,= 4cnf, Elastisite modiilleri EE,=E=10
kN/en? , L= 1m dir. Her iki cubuktaoen
bilindigine gére, P kuvvetinin uygun gerini, B
noktasinin diey yer dgistirmesi ile 1 ve 2 noll
cubuk kuvvetlerini bulunuzA=NL/(EA)

ID B
A Rijit Cubuk .

L R

Oenr= (a +b) kN/cr




