Zad. 1. Dla zadanego pola przemieszczen wyinacz odksztatcenia gtébwne w punkcie
A=(0,8,10).

u=xy%-10"%m
v=0Q2x+y?%2)-10"°m
w=x+2yz+2z%)-10"%m
y
ou

s,,c=a=3/2-10'6=64-10‘6
dv 6 P

£y=5};=2yz-10 =160-10

w
€ =5 = 2y +2z)-1076=36-10"°

ou

formerg forome . "6= . -6
Yxy y ' ox (2xy +2)-10 2-10

_0V 99 (24 27) 1076 = 84106
Vvz =5, dy Y z -

dw Jdu 6
)/zx—_-—a’l'E: 1-10
i yxy VazT
= 2 2
v v 64 1 05
=12 & o =[1 160 42]-10-6
Y, Y, 0,5 42 36
zZx 5 .
L 2 2 z ]

83_1182+12£_I3=0

I, =g +& +& =(64+160+36) 107 = 2601075

1160 42, (64 05, 164 1. o
k=14 36 +lo,5 36 +|1 160|_16538 10
64 1 05
L=|1 160 42|=255710-10-18
05 42 36

€3 — 2601072 + 1653810712 - ¢ — 255710 - 10718 = 0
g =172,91-107%; &, = 63,98 - 1076; &5 = 23,12- 1076

17291 0 0
T;3,=[ 0 6398 0 }-10-6

0 0 23,12



. . ‘- . . 2 8 .
1. Oblicz i zapisz macierz odksztalceii w punkcie A(2,1,8) Dla zadanego pola przemieszczeh:
E  Exy Exz . )
T, =|&x & Eyz / U= 2xy + 62
&x &y &

v=4x+2yz
Su ‘ , _
£x=a=2y=2 w = 5xyz
g =—=2z=16
&g =—==5xy=10
1/6u vy 1 1
= b ] = - N==4+4)=4
Exy 2(6y+6x) (@4 =50+4)
1/6u éwy 1 1
= )= =—(6+40) =23
=5 (55 * ) =306+ 57 =5(6+ 40
1/6w  Svy _ 1 _1 =
gyz=;(—;+g)—E(2y+5xz)-—z(2+80) 41
2 4 23
TA=|4 16 41
23 41 10

2. Obliczy¢ odksztalcenia gléwne.
-1 +ILe-13=0

L=¢g+e,+e,=2+16+10=28

&y Eyz |+ 'ng Exz ]—# ':x Exy

E2y &2 zx €z Fyx &y

=16-10-41-414+2-10-23-23+2-16—-4+-4=-2014 p
» ‘ 3=

16 41
41 10

2 23
23 10

2 4
= HZ B

Ex  Exy &xz

Eyx &y

2 4 23
4 16 41
Ezx Ezy & 2 41 10

=2:16-10+4-41-23+23:4-41-23-16-23-2-41-41—4-4-10 = —-4122

€3 —28-£2-2014-+4122=0

& = 60,278
& = 1,995
& = —34,273
60,278 0 0
T =| 0 1,995 0
0 0 —34,273

L% =60,278 + 1,995 ~ 34,273 = 28 ~ I,
L,° = 60,278 - 1,995 — 1,995 - 34,273 - 60,278 - 34,273 = —2014,03 ~ I,

;% = 60,278 - 1,995 - (~34,273) = —4121,49 ~ I,

3. Oblicz i zapisz macierz naprezen w punkcie A.

E=21-10°MPa

v=0,25
2 4 23
T =|4 16 41
23 41 10

Ox  Txy Txz

T, =|Tyx Oy Ty .
Tzx Tzy Oz
6ot = P10 00 M
20+ 214025 @
— . 7
Ty = 2Gey, = 2 - 84000 - 4 = 0,0672 - 10" MPa , E.y 21105025 64000 P
= = = a
Tyy = 26, = 2 - 84000 - 23 = 0,3864 - 10’MPa A+vA-2v) (1+025)(1-2-0,25)
Ty = 2Gey, = 2 - 84000 - 41 = 0,6888 - 107 MPa Ox = 26y + Ay + & + &) = 2 84000 - 2 + 84000 - 28 = 0,269 - 107 MPa
0,269 0,0672 0,3864 0y = 2Ge, + A&y + &, + &) = 2- 84000 - 16 + 84000 - 28 = 0,504 - 107 MPa

T, =|0,0672 0,504 0,6888| 107 MPa
0,3864 0,6888 0,403 0, = 2Ge, + A&y + &, + &;) = 2 - 84000 - 10 + 84000 - 28 = 0,403 - 107 MPa



1 Dla zadanego pola przemieszczen
u=12+6xy+8z
v=4+12x + 6yz
w = 8 + 4xyz
1. Obliczi zapisz macierz odksztalceri w punkcie A(2, 1, 2)

Odksztalcenia linowe:

du
gx..—_(12+6xy+8z)"'6y 6:1=6
v
ey—-g;._(4+12x+6yz)’-6z—6 2=12

aw
ez~————(8+4xyz)'—-4xy 4:2-1=8

Odksztatcenia katowe: 3. Oblicz i zapisz macierz naprezeri w punkcie oA
1(8, 8\ 1 1 ‘
fy =5 to | =5(6x+12) =5(6-2+12) =12 E =2,1-10° [MPq]
2\3, " 9,) 2 2
10, 8, 1 V=023
e =—(—'£+ W) —(8+4yz)——(8+4 1-2)=8 1108
*272\9, 8,/ 2 G= E . . 21107 8,4 - 10*[MPd]
1/, @ 1 1 2(1+v) 2(1+025)
v w
£y == —+——)=—(6y+4xz)=-(6-1+4-2-2)=11 . 105 -
yz =5 (az 3,) 2 2 1= E-v - 2,1-10° - 0,25 = 84-10°[MPq]
A+v)-@1-2v) (1+025)-(1-2: 0,25)
Tensor odksztatceii:
» &y Exy Exz 6 12 8 ‘/
TA = [“-'yx &y eyz] = [12 12 11] : 0, =2G e +A(ex+ &+ &)
Ex &z & 8 11 8 ’
0y = 28,4+ 10%- 6+ 84 104(6 + 12 + 8) = 23,52- 10°[MPa]

2. Wyznaczenie odksztalcen gléwnych
0, =2-G &+ (e +ey+55)

Niezmienniki
=2-84-10*-12+84-10*(6+12+8) =42,0- 105[MPa)

]f=£x+ey+sz=6+12+8=26 : gy =
= ] [ sy,] [ Exz] [ [12 11] [g 3] az=2-G-ez'+/1(sx+s,+£z)
2= 8
= o fax i g 6, = 2-8/4-10%+8 +84- 104(6+ 12 + 8) = 35,28+ 10°[MPa]

=6-12-12-12+12-8—11-11+6-8—8-8=—
& 12:12+12:8-11-11+6-8-8-8=-113 Tyy =2+ G+ &y = 2+ 84 10¢- 12 = 20,16 10°[MPa]

6 12 816 12
£ =det|12 12 11|12 12 =2 G- gy =2 84-10* 8 = 13,44 105[MPa]

g 11 8ls 11 f.11 = s

02 5412-11-848-12-11-8-12-8-11-11-6-8-12-12 =42  Tyz = 2°G &, =28410%-11=1848-10 [MPa]

Réwnanie wiekowe:
S JE g4 e— =0 0y Txy Tx] [2352 20,16 1344
A t)ies) TA = [fyx 0, Ty|=[2016 42,0 1848|- 105[MPa]
—26-¢2-113-6—42=0 T Tzy O3] 11344 1848 3528

2983 0 0
&= [ 0 -3,42 0 ]
0 04 —041
I, = 29,83 — 342 — 0,41 = 26
__[-342 29,83 2983 0 7_
R==["¢" _, 41] Y 41] [0 _34) = 1401223 -102,02 = 11285

29,83 0 0
Iy = [ 0 -342 0 ] =—41,83
0 0 -041



Dane:
u = (3xy+2z) * 106
v = (8x + yz) » 10~6

3/. Macierz naprezef: w punkeie A

w = (5xyz) » 10~6 ‘ - o ‘ Ox Tyy Tyy
& :’ ' ‘ T = ["yx Iy Ty
AQR42) Tax Ty O
. . E v
/. Macierz odksztatcert w punkeie A(2,4,2) = [ex + T2 (et ey +8)| =
| 2,1%105 0,25
Ex Exy Exy = ‘I-_—l_*o_zs-[lz * 1076 +T__—2—:6—2—§ * (124 2+ 40) « 10—6] = 6,55 [MPa]
T = [‘yx &y 3)'2] B v ’
Ex &y & ay=1+v[ey+1—:-2;*(s,+sy+e,)]=
| _ 21105 - 0.25 -
£, =—=—=3y+10"6 =12 %106 —m[z*lo +m2—~5-*(12+2+40)*10 ]:4,87[MPa]

— E v -
2410 =2+ 10 S Tral g (e e =

‘<m
i

& & & &>
i}

2,1% 105 025
= - ~6 4 7T =6] —
6= 2 1 106 = 400 106 | 1+0’25[40*10 3oz (2 +2+40)» 10 ] 11,26 [MPa]

}',:y=%;‘-+i;f=(3x+8)*10”6=14*10"6 G=2 E____21x10° = B4x10°
PO *(1+v) 2%(1+0.25)
yx,=§E+6—W=(2+5yz)*1o-6=42*1o-6 ‘ :
6' 6* ‘txy=6*y,y=84*103*14*10‘5=1,18[MPa]
Yyz =% +55= (V+5x2) + 1076 = 24+ 107 | Tm =G x¥y = 84%10° +42 % 1076 = 3,53 [MPq]
R Tyz = G * ¥y, = 84 % 10° « 24 » 1076 = 2,02 [MPa]

6,55 1,18 3,53
T = [1,18 4,87 2,02} MPa
3,53 2,02 11,26

12 7 21
]*10‘6 (/

7‘5‘:[7 2 12
21 12 40

2/. Odksztalcenia gtéwne:
& —11£2+12£""3 =0

I;=12424+40=54%10"6

=|2 12 12 2y 12 7 _ _ —49=_ -12
L=|2 prRab g0l t]5 5] =80—1441480 - 441+ 24— 49 = —50. 10

7
12 7 21
=17 2 12/ =12%2+404+ 7% 1221+ 21 % 7% 12 —
21 12 40

=21%2%21—-12%12%12~40+7%7 = —82 % 10-18
€3 = 54510762 ~ 50+ 10712+ 82+ 10~18 = ¢
£, =54,88% 106

£ =0,86%1076
£3=—1,74%10"6

5488 0 0
A= 0 08 0 |«107¢
0 0 -174
Sprawdzenie:
19 = (54,88 + 0,86 — 1,74) x 105 = 54 » 10~
086 0 . [5488 0 | » |54,88 0 l*10—6=
B=["0" |10 +l 0 -174*107F[ 0 o0g6
= (=1,50 — 95,49 + 47,20)  10-12 = —49,79  10~12
5488 0 0 ]
=] 0 08 0 |+107=(=8212+0)+10"1 = 82,12 x 10-1®
0 0 -174




