MUKAVEMET

GERILME
Gerilme birim alana gelen kuvvettir, (N/mm2, kg/cm2)
O Normal gerilme: Cubug un ekseni dog rultusunda olus an
gerilmedir.
T kayma gerilmesi:gubug un eksenine dik dog rultuda olus an

gerilmedir.
Gerilme = F/A.

Konsol kiri ste gerilmeler

Mext .
13,700 fi-Th Diagram 1
N /e B r-9400D
=K 20°
Af
. Fy=34201 100001
Fy=3420Th
1= (1/12)hd?
Beam il
Cross 4" I=(1112)(2"* 4"
Section I=1067 int
o

Normal Gerilme = Kuvvet/Alan = 9,400 Ib. / (2" x 4") = 1175 Ib/in2.
Kayma Gerilmesi = Kuvvet/Alan = 3,420 Ib. / (2" x 4") = 427.5 Ib/in2.

DUZLEM GER iLME
3 Boyutlu gerilme hali
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Kalinlik di ger boyutlarin yaninda ¢ok kl¢uk olduzundan
duzlem olarak g6z 6nlune alinabilir.
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Egik duzlemde
A' = Alcos (teta).

Diagram le



Normal Gerilme = F cos (theta) / A /cos (theta) = (F/A) cos?(theta)

Kayam Gerilmesi = F sin (theta) / A /cos (theta) = (F/A) sin(theta) * cos(theta)
veya

Kayma Gerilmesi = (F/2A)Sin (2*theta),

g, =0cos 8
I, =(0/2)sin26
Ornek

Kare kesitli kiris te, 30 derece lik duzlemdeki gerilmeler

N Diagram 2
:/\“\ 2% | a=4n?

T = <1 2000 |C=FAa
2000 .
— I\[,\ NPT E B O = 2000 I/ 4 in2

30 X“'}T““ o = 500 Th/in”

Fcos § =2000 cos 30" =1730Th
2000

o = ocos2p = 500 in® cos2 30° = 375 Dhiin>

2

"0 " (02)sin@8) - (500 Thin® 2)sin (60° ) =217 DA

Q yapan duzlemdeki gerilmelerin hesabi




Diferansiyel elemanda boyutlar

dA = Area of AB
dACs@ = Areaof BC

dASIing = Area of AC
Denge denklemlerinden q agisi yapan duzlemdeki gémeler
hesaplaniyor

[ZF, /' +=0]
O A— 0, dACosOCos6 — 7, dACos@5in8 — 7, dASin6Cos6 —
0y dASInESing =0

Cp — o'xCoszﬁ — foySifIQCt?SQ — crnysz =0

Gy = cer{}szé' + crySinzt? +21,,5in6Cos6

o, +0

Vel
Y4

X _gy .
Cos268+1...Sin28
) Xy

Oy =
1
2

I:ZP,, N += O]
OpdA — 0, dACOSOSING — Ty, dAC0s0C056 + Ty, dASINGSinG —
c}'ydASi;zQCosé'zl]

Ty =—0,Cos65in6 + ¢, 5inéos6 + ., {Coszé?— szé?)



Ty = —CﬂS&Sinﬁ({rx -C ) +Tyy (CUSZE»‘ = Sinzﬂ)

Yy
Tyt =— (Jx ;Jy )SiHZH + 7y, Cos26
: n
AN A ”\‘\Q B
P t 2
Aéﬂ:ﬂ
X ~

20 cinsinden ayni ifadeler tekrar yaziliyor

o,+t0, 0,—0C

Tn = 5 L+ 12 yC9529+fxySm29
o, +C0 o,—0
oy =——L+~X Y Cos26-1,,5in26
i 5 5 Xy
g,.—0
T =———2Sin20 +1,,Cos26
P n

Dizlem gerilmelerde dgismezler (invaryantlar)
Birinci de gismez

o, + O, :crx+cry:crxr+ﬂ'ylel

ikinci degismez
2 2 =]
OnOt =Tyt = Ox 0y — Ty =0y 0y —Tyy =1
ORNEK

Duzlem gerilme durumunda bir noktadaki gerilge&ilde verilmitir
Saat yontnde 15 derece a¢l yapan dizlemdeki géziinbellunuz



n

o, =—46
G, = 12
Tyy =-19
Q=-15

ao.+ad _{ ' —
xFOy 46412 34 o5
2 2 2

e e
x "9y _A46-12 58 g aip,
5 > >

Sin26 = 5in2(—15)=-0.5; Cos28 = Cos2(—15)=0.866



o, =—17 — 29%0.866 +19x 0.5

g, +0 g, —a
h =—— 2+~ ICos20+1,,5in20
2 2 : |

Oy, =—32.6 MPas

6=-15"in 7,

g, —a '
{rﬂ, = - LSin26+1,,Cos26 |

., =-29%0.5—19x0.866
11

Tuity =—31 MPa
l Y
alt
o ‘ 5 5

:

[CFI =On, = Tt |9=?53 ]

oy =—17-29c0s150-195sin 150
o; =—1.4MPa

[fm = Tnqty, = Tt ‘9=?5'3]



7, =+29xSin150 —19xCos150

=31 MPa
6 =145

o, =—17 —29C0s2x 165 — 19Sin2 x 165

=-32 MPa
7, = 0.295in330 — 19C0s330"
7, =—31 MPa
KONTROL
0, +0; =0, +0, =-326—14=-34 MPa=—-46+12s

Asal gerilmeler
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g, +0,

o
4
2

1

-C
c,=0,(0)= > FCUQ{?H'IFSHQ{?

c,+0, ©,—C
o, =——"+-"—LCos26+t,,5in26
b X1

MAKSI MUMIi Gi N

% =0=—(0,—0, )Sin26+2t,,Cos26

2T,
tan26=—24

Oy —0y

Y ¥ 2

{ — \‘2
o, +0, . ‘ o,—0, | -
2 2 ) Y
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Principal planes

Stress
— element

o, +0 g, —a
o, - ——2,=—"—"YC0s26 +1,,Sin26
2 2 :
y\

(O, -0, . N
‘ Sin26+1,,Cos26

)

max= (Oxt Oy) 2+ Thay

Pmin = (Ox+ O/ 2 - Ty
"max = (Opay o i )i2
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Ornek.
Diagram 3 :;5,— suuu I/ in>
4 = 1000 Thfin"
—— }'
1000 Byfin® = 7y, 7, 5 1000 Th/in®
9y 2‘% 'T_'a; 4000 hfin>
4000 Dhfin
1000 Bhfin2= 7 5[ 2
¥YX ¥ g, 3000 b/ in

C6zim

Tan28 = Ty (9%~ 93) 121 4500 Ib/in2/[(4000 Ib/in2 - 3000 Ib/in2)/2] =

2(theta) = 63.4°, ve 243 .40, theta = 31.7°, ve 121.70.

Og = {0y + 0y )2+ [(0y - 04)/2 |(cos28) + Txy (sin2 &) (4000 Ib/in2 + 3000
Ib/in2)/2 + [(4000 Ib/inZ - 3000 Ib/in2)/2]cos(63.4°) + 1000 Ib/in2*sin(63.4°)
= 3500 Ib/inZ2 + 224 Ib/inZ + 894 Ib/in2 = 4618 Ib/in?

2. duzlemde

= (4000 Ib/in2 + 3000 Ib/in2)/2 + [(4000 Ib/in2 - 3000 Ib/in2)/2]cos(243.4°) +
1000 Ib/in2*sin(243.4°)

= 3500 Ib/inZ - 224 Ib/in2 - 894 Ib/in2 = 2382 Ib/in2

| kinci metot formiillerden

Omax/min = (Oxt+ Oy) /2 + J[ (0 - aY}IZ] _ (4000 Ib/in2 + 3000
Ib/in2)/2 +/- Sqrt[{(4000 Ib/in2- 3000 Ib/in2)/2}2 + (1000 Ib/in2)2]
= 3500 Ib/in2+ 1118 Ib/in2 = 4618 Ib/in2
= 3500 Ib/in2- 1118 Ib/in2 = 2382 Ib/in2

_ I I
Tmax = H- [ (O - 0p) 121+ 13 _ Sqri{{(4000 Ib/in2- 3000 Ib/in2)/2)2 +
(1000 Ib/in2)2] = +/- 1118 Ib/in2.

Mohr Dairesi
2 ; V2
C}' —i—(l"tIf 2 ' C}'x-i-(}'u ' 2
Oy — ‘ + T = ‘ } ‘ +T:CL,."
2 2 !
) \J l
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Ty
=
+7 g &, >
Diagram 1
c&, 8 fﬁ'n
i ¥x —_ ¥
1 o Tx
% ..t for ] 1,
i -p.a _4 .
T *l X T X
Xy i —— | Xy
T T.q__
¥x ¥x 1r55r
shear stress .
. Diagram 2
AXNIE | — g + O e
x ¥ F
2 A
T max
o .
Hiin -
T .
x¥ axial
0 20 siress
E C D axis
Txy
% G//
o

R = J[(ax- ﬂy}fl]:+ 2 |

Ornek.
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. 2
Disgram3  G,=3000 I/ in
$ 7, =100 Thin=

2 g . 2
1000 Byfin“= 7y, 7, 5 1000 Bin
a ;’
x " i 0= 4000 Th/in”
4000 Dh/in

1000 Bhfin2= 7 5[ a
¥X ¥a, 3000 B/ in

] L3
R= [ 0Ox- 0p) 121+ 1 {[(4000 Ib/in2 -3000 Ib/in2)/2]2 + (1000 Ib/in2)2}12
R = 1118 Ib/in2.
Mohr Dairesi merkezi = (4000 Ib/in2 +3000 Ib/in2)/2 = 3500 Ib/in2.

shear siress .
axis 3500 bAn? | Degramd
- F
(O + ﬂ},)fz N
1000 Dvfin
x¥ T rhax
a .
HIH
axial
O 63.4° siress
E C D  axs
= 10060 Th/inf
¥X
B
o, |- 3000 Dhirio— | /
—— O,= 4000 bfin® ————————
l:I.I'I‘IHJE
Maximum Stress = Location of Center + Radius = 3500 Ib/in2 + 1118 Ib/in2 =
4618 Ib/in2
and
Minimum Stress = Location of Center - Radius = 3500 Ib/in2 - 1118 Ib/in2 =
2382 Ib/in2
Geometriden

(2*theta) = (1000 Ib/in2)/(4000 Ib/inz - 3500 Ib/in2),
(2 theta) = 63.4°, and 243.4°,
theta = 31.7°, and 121.7°.
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Disgram 5 0y~ 3000 b/ in” ,
4 7 _ =1000 Biin
— e ¥X
r, ;1000 Dhin=
O ‘_l' h; 4000 Thfin”
Tey [BLT
Ay
Vo
Mol circle problem
T 5000
(B)
4000
| ‘
15000
(A)
Solution:
Oy T0y B 15000 + 5000 10000 MPa
5 — —

A - (15000,4000)

B - (5000,-4000)
(6,-0, ) /15000 — 5000 \2
[ e [
\ . \ 2 J

_ /50002 + 40002

R =6403 MPa

o.—0,

= 5000

+ 400072
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+T

Tyt ..._5[][]..:]_,| S, = 6403
T b
| B ' D'
4000 / (e R0)
l P | /\41.34) | 16403 i
# | n
P 4134\ 1 \ase6 | Bt
A / ijf”
.u,r I /
AN ! A(Q=0
b
nt +—-10000—>|+5000*<

15000 -—‘

Point D: o, =10000 +6403Co0s41.34 = 14807 MPa

ryy =—64035in41.34 =—4229 MPa

Point D": o, = o, = 10000 —6403Co0s41.34 =593 MPa

b)

Tyt = =64035in41.34 = 4229

0, = 16403 le =

o =3597 MPa

16403
-19.33
F})

359?
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c) Ty = 0403 MPa— 65, =25.67 = —25.67°

10000 X'

NG
SN
NA

(2) 6=45
Principal stresses and principal shear stresses.
10
Solution: T
B)
J.T—’_J‘l :—504-10:_20 s ‘q
2 2 Ay 40

—_—

b

2
O =0y FEn_ 1002
R_\/\ ¥ ¥ +r§y—\j “02 mJ +(—40)* = 50 MPa

2 )

a

x T O

A —>(=50,-40) P1=01= Y + R=-20+50=30s

B —(10,40) o, +0
py=0y=— Y _R=-20-50=-70
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i
A(Q=0)
40
_,.I o 30—
I
= 70 >
+T

Q,, =716

xy
P20 -30)
F(30,0)
1
40
(|- o 2Q,, =233.13
10| .
T Q,, =116.6
-3 () = o
Q,, =206.6
Xy
20, =143.13



Q,

=161.6

3 boyutlu uzayda gerilme transformasyonu
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1y =Cos6 My = —5ing My =0 ¥ i ;
Mty = Sind Myy =C06 gy =10
My, = 0 ”H’: =0 Ny, = 1 x
oy=0:7,,=0: Ty = 0 Foi
ok J:

Oy = c:-'xCGsEH + c:-'UszH +217,,5in6Cosé Ox  Tyy 0
o, =0,5 in*6+ CTHCGSZH -2t,,5in6Cosé ry Oy O

: ‘ ) 0 0 0

Ty’ == (c:-j.r -0y ) SmeCosé + 1y, (COSZH - szﬁj

Principal stresses

My 1y M

T,, = of :cr(n_l,r +i1,] +}'I:f{'.)

Ty =Tyl +Tu;,r'_

-

f +T.']':..'f{

T = Oully + T 0ty + T,

Ty = Taylle + O 11, + T 00,
Tz =Tty + Tl + 0,00,
In,=on\In,=on,|Tn,=on,

!

(O —O )y + Tty + Tppft, =0
Ly + (0,
Cxzlly + Typlly + (0, -0o)n, =0

= {T) My + Ty, = 0+ Syst.of linear hom og. eqns.

e

0:2 2 21

Hey=n, =N, = 1, +”y +H., =

¥
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-
Oy—0O r.'ry Tzx 1y 1
oy Oy 9 Ty "‘] y (= (0)
| Coy E'y: O.—0 l_H:J

For non trivial solution | | must be zero.

g7 — ({Tx +0,+0, ){rz - (Jx% +0,0,+0,0, - rvfy — "73: — rfx el
—(Jx{rycr: - 2%1 TyzTox — O rfp o, rfx -0, rvflf ) =0

This has 3- real roots 61,0,,03

/ T
(Op ~C@1 )N, + T, + TN, = 0) ;:1\\01 :
o A
r‘lf.l‘”:ﬁ.' + (J-u — J] ] ”}f + T:__lf”: = B ?' /
and nf+nz+m 1 J

= n,,n,,H, >0

JJ’
01> 0, >0

Stress invariants

"—Ilcr +I,o-13=0 (1)
I=0, +0,+0,
I,=0,0,+0,0.+0.0, 2 2 _ 72 Lireqq inv ar iants
2 J||l Z Z :rljf 1}: =X v v i -
2 2 2
[3=0,0,0, +27,,7,, T, — crxrw—cryr:x—{r:rxyj

Y
o’ -Io2 +13=0

[i=0y+0, 40| =0,0,+0,0,+0, ff’y’—fi’:’—ff’:’

h=h; L= L=
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3D 2D
Iy=0,+0,+0, l=01+0,
I, =010, +0,03+030 I, =010,
I;=0105,. I3=0

3-D Mohr’s circle & principal shear
7 0

i l=|%y oy O ]7_'
0 0 o. v

rd
y T
Once if you know oy ando,
—
Fl:
{Tz —0n i
I
01+ 03 : |
T 2 /IJI---- ----- =4
d ‘G_l L o
9= z
2 b
A
01 +0,
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| ] —02 Op—03 53—9'1|

JI_{TE a
[y = l'mm. =max . .
2 2 2 2 |
01-0»
L-q 2
'!Tl
4 t
-q—n_: |— & 7 "_:‘_F; —I-r:r
' Ty 1‘52

3
-N
- -

o
Ty
!'r:"':"rs
= =
A \ Tm
Fy Ty - |
S oy Bz eF!
Yo,

{7y + Ty

2
The cluster of these three circlas is known
as 3D-Mohr's circle

Problem:
The state of stress at a point is given by

o, =100 MPa, o, =-40 MPa, o, =80 MPa and

Ty =Ty =Tz =0
Determine in plane max shear stresses and maximum shear

stress at that point.



oy = 1 MPa, o = 80MPa a3 =—40MPas

-y 100-80 o,
rp =21 ;1 = = 10MPs [ o0
rm=m;£Tg=l{P[|'+4ﬂU=?.ﬂMPa oo
} A
o _-:Tz—ﬁ__;_ﬂ:{i'ﬁ--ii}_mmpﬂ HI?}H
& 2 £
511:—”1 “ T _qp
T3 = 3MPa -0 i
Toa = 20 MPg Fa A ™
Timax = X |T12, 713, Toa
T = UM Pa This ocon i
P e

Principal shear planes

Problem
At appoint in a component, the state of stress is as shown.
Determine maximum shear stress. T 100
I
__,_..--""'J 50
Euf/ |
Solution: 1 100
100 0
[G'ij]:, 0 50l plane stress problem
100 0 O
We can also write the matrix as |:ﬂ£'}: ] = 0 50 0
0 0 0O
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o1 =100
0-2 = 50
o1 —0,|_100-50 ok
9 9 o
‘ a, 100, a,
Touax =20 MPa
|i1] L

,.{fgr This interpretation is wrong

Mow with oy =100, &5 =50, &3=0
o —0
2

omax

=50 MPa

oyt
Orccurs in the plane 1-3 instead of 1-2

[
[
! r
I
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/2

cos4A5=sin45= >

Desismezler (invaryantlar)

% . Sekildeki gerilme durumunun tek
eksenli gerilme hali oldiu
Txy . P " _
——> bilindigine gore,0=45 a¢I yapan
n kesitteki o, T gerilmeleri ve asal
o gerilmelerden g1 gerilmesi ile
X oy . . s s
0 Oy bilinmeyen  ox gerilmeisini
bulunuz.
«— 0,=2(a+e) N/cn,
Tyy
v OY Ty=4(ate) N/cns.
0 =0, cos §+0,sin’ §+2r, sindcosd | Tek eksenli gerilme
r=~(0,-0,)sinfcosd + 1, (cos’ -sin® f) g
o =Ox*0y, UX_UY2+T2 , I 1
12 2 - 2 XY
2r
tan2g, = —~
g,-0,
Duzlem gerilme etkisindeki bif 1
levhada A noktasindaki 1 ve P98ON/mnf ¢,
duzlemlerindeki gerilmeler
sekilde verilmitir. Bu gerilme \
haline ait asal gerilmelerir tari=4/3
deger ve d@rultularini a 5
bulunuz.  Verilenler  ile| A ry
bulunanlar  Mohr  ¢cember — > "
uzerinde gosteriniz. 500N/m
g 500N/mnf
0 =0, cos 8+0,sin’ §+2r, sindcosd
7=~(0, -0,)sinfdcosd + 1, (cos’ §-sin” f)
o, +0 o, -0, 4. = Dy
0, =X "Ny x ~ 9y +I.>2<V,tan2 o = .
2 2 g, -0,

|1=0y+0,=0n+0;
12=0,0,- T°Xy = 0,0, - T°nt

Uceksenli gerilme halinde; +o, +053
degeri hangisidir

50 100 200

100 150 300

200 300 250

A) 350 B) 450 C) 750
D) 550




