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X[ S0] 10 mm 8l 82| ZUIC = 4 kNS| © 0| &EE I =1}
40°E O|RE Boj B8t XIS MEHS S A At}
F = 4kN A" =A/sin@ F=4000N
A = nr? F, = Fsin@ A = 3.14x%(0.005 m)?>
/ F = FcosO = 0.0000785 m?
S
= 7.85%107° m?
_ _Fn_ FsinH_F _ g _ 5
0=0n= 7= A/snd A(smH) = o(sin0)
__Fs Fcos6 F 0 sin g 0 sin 0
T—O'S—A,—A/Sine—ACOS SINU = 0 COS U SIn

-5 -

TheMAd



ol 1-1)

H o] X< re)
o—l - ol:

==l e A
xl'.g.ol-_ -

F Fsin@ F _
On = — Z(Sin 0)? = o(sin ) F=4000N

A’ - A/sin0 -
/ A = 3.14x%(0.005 m)?>
F__ . 4000x(sin40°)? = 0.0000785 m?*
= —(sin @) =
A 0.0000785

=21053549.61358139 ... N/m?
= 21053549.61 N/m?

=2.11 x 107 N/m?

=2.11x 107 Pa

=2.11 x 10! MPa

=21.05 x 10® N/m? = 21.05 x 10° Pa = 21.05 MPa
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o, = o(sin 8)? g, =777
o, = 6Ccos0sin@ o, =777
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cos?6 sin?6 2sinfcos0O Ox
= sin?6 cos?0 —2sinfcosf || %
—sinfcosO sinfcosd cos?6 — sin?01 Txy

sin260 = 2sinfcos6
c0s260 = cos?6 — sin?0

5 1+ cos26
cos“0 = >

. 1 — cos26
sin“0 = >

Oy + 0y, Oy — Oy

= > + > cos20 + sin26 - t,,
O, + O Oy — O
== Yy = Y cos20 — Sin26 - Ty,
2 2
Ox — Oy

= — > sin26 + cos20 - 1,
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LY F£Z3 (Principal stress)

2t o] Mo et

™ (Principal plane)

o = 5

.l._g

O] Z|ti =52 Z27t &=
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LY F£Z3 (Principal stress)

o, + 0 0, — O 2t
O, = x2 LA xZ Y c0s20 + SinZQ-Txy tan29p=(0x_x);y)
o, t+o o, — O.
— x2 Y 4 x2 Y c0s20 + 5in26 - Ty,
_O'x-l—O'y-I—O-x_O-y. (O-x_o-y)/z n Txy T
2 2 O'x—O'y 2 2 O'x_o-y 2 2 xy
+ /(. > ) 2H+Tyy% £ [C 2 ) 4+ Ty
o, + 0 o, — O 1 1
= x2 y"‘(xz y)z. + 'Txyz
o. — O. o, — 0.
i\/(x2 y)2+1'xy2 iJ(xz y)2+Txy2
o, + 0 T, — Oy 2 1
:x2y+(x23’) +Txy2)

o, —O.
i\/(%)z_m-xyz
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=0l CHolo] 2 FArSHA A

Ox — Oy
Tmax = i\/( 5 ) 2+Txy2
o O.
tan26, = — xZT 4
Xy
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Gidl 1-3

x1x, B0 STMENTL Ch2 3} 2Tt xox, HOIMO| FS2o| A7|9} Wt

2’80l

15
}
4 «—
T | - 20
4

Ox + 0y Ox — Oy
01,2 = + \/( 5 )2+Txy2
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Gidl 1-3

x1x,HO| SEME T} CtS 1} ZLt xx, HOIMC| =332 37|t HTFS
Z24d0olel.
_ o to, Ox — Oy 2 5 _ [20 —4
Jp—Ti\/( > )+Txy 0O = _4 _15

20 + (—15 20 — (—15)\*
e

= 2.5+ v322.25 =254+17.9513230 ..

oy = 20.45 and o0, = —15.45

27 2% (—4
tan 26, = Y ) —0.22857 ...
ox — 0, 20— (—15)

—12.87492377° 0, = —6.44" and 83.56"

N
D
<
I
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1.6 2X}H2] Mohr ®

- O|ZA 40 MeEtN 2 SHar TS EHo| HelsttH 8 S 12F
T UAX| SN ?

O, = > + > cos20 + sin26 - t,,
o, + O Oy — O
gy = ad > Y = > Y c0s20 — sin26 " Ty
Ox — Oy |
Ty =~ sin26 + cos20 - Ty,
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112 SH| LHS] BHFEOjIAM2S] HAES

- H2| (displacement)
slo| Xt 0 2 Of7|= EX|o| H

- #go| E8

Ya
» X
translation
Ya
» X

translation + deformation

»X
translation + rigid body rotation

Ya

V.
/!

»X

translation + rigid body rotation
+ deformation
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112 SH| LHS] BHFEOjIAM2S] HAES

HEEHA HA| SHEHA L} ol FA}

L. O
1
Exx nyy
Oxx Txy
o= |Txy Oyy Tyz —» &= 1)/ 3
T, Ty 2 Xy yy
1 1
_E Vxz E Vyz

- HAE FGA| 4 =0 oz} 2ol Hatet

Ey! cos?6 sin?0
Eyl | = sin?0 cos?6
Vx'y' —2sinfBcosf 2sinBcosb

& tgy Ex — &y
Exl = +
2 2
Extey Ex—Ey
E1 = — cos20 — sin20 -
y 2 2

Vxz

sinBcosB
—sinBcosf
cos?0 —

cos20 + sin20 - ;

Yxy

Yx'y' = —(&x — &,)SiN20 + cos20 - vy,
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= E¢&,,

axx

EHd A+, Young AT, Young's Modulus,

E:

= Poisson H| (v) , 252 4% £ = 033 ™
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24|
E : _
Ox = Tovyiozn (1 =v)e, +v(gy + &,)]
oy = (1+v)l(?1—2v) (1 =v)eg, +v(e; +&)]
o, = (1+v)](51_2v) (1—v)e, +v(e + &)

E

Txy = GVxy = 2(1+v) Vxy
E

Tyz = nyz = 2(1 +v) Vxy
E
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of|xil 1-10

T2| (E =123 GPa =12.3x10* MPa,v = 0. 34)7} 0.y = 20 MPa

0yy = —15 MPa,0,, = —4 MPa 2| % HEj0f| QUCHH, xyHO|A2|
ZUHET} A HEHHY B S A Mt
1 v 1 % 2(1+v)
Exx = Eo-xx - Eo-yy Eyy = Eo-yy - Eo-xx Vxy = E Txy

x(20) — x(—15) = 2.04x107*

&xx T 12 3%10% 12.3x10%

x(—15) — x(20) = —1.77x10~*

&y = 123x%10* 12.3x10%

2(1 4+ 0.34)

Yy = T33%107 X(—4) = —8.72x107°
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of|xil 1-10

2| (E =123 GPa = 12.3x10* MPa,v = 0. 34)7} Oxx = 20 MPa
y =—15MPa,0,, = —4 MPa 2| % HE{0]| RACIH, xyHO[A2|
FHAF} X CHTPHAA S S Al LtoleL

o=

Oy

gx = 2.04x107% g, = —177x107*  y,, = —8.72x107®

m By gty ()

_ 204x107* 4 (-1.77x107H | J<2.04x10-4 - (—1.77><10—4)>2 s (—
N 2 - 2

= 1.35x1075 + 1/3.63%x1078 + 1.90x10~9
= 1.35x107% + 1.95x10~% = 2.09x10"* or  — 1.82x10~*

Vmax = 2 ><\/(‘€"";2€W)2 + (yiz'y)z —3.90x10~*

8.72x10-5\>
2
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sensitive pattern

M=o Hgo| wmit HAE A o] x|2f
=54 1{He| FH7t E2tx| 1, Xgo| Fet

O|F 7|2 HIAES =t 57

Tension:
area narrows,
resistance increases.

3712] strain A|O0|X| & E&75}¢
>

= = ~ =3 G ion’
Exx, gyy; Txy = E-l- -1 O 7|-° al%r;l%rllecsksel?'lg,

(DIII-JF 37H' Hol'xo'lk_! 37“) resistance decreases.
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116 72| S=a HUSS S

£(0) = cos%0 - g, + sin®0 - &, + sinbcosh - yy,,

€q = C0S5%0, - &, + Sin?0, - £, + 5inb,c050, - Yy,
&y = €0S°Op - &, + SN0y - €, + sinB, oSOy * Vyy

£ = €05%0, - &, +sin®0, - &, + sinb.cos6, - Vyy
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LE )

Al 7HS] HHHE Alo[X|7t RHE Z=DiLJ0f|M SHoZ FEH Al7| il weFo =2 0, 30,
60x2 UHEZ 1t F0ix{ QlCt. I A|o|x|2 FE STHE HAHEY] U0 ¢,
10x107°, &, = 20%x107%, &, = 30x107°9iC}m o|mlje] HHEES 6l1 Mohr
#E 0|20}0] F HUEY 37|2} WEF 2ot}

C

Eq — COSZQ - &, t Sinze - &, + sinf,cosl, -

a a ©x a <y a a I'xy
&y — COSZQ - &, + SiTLZQ - &, + sinB,cosf,, -

b b X b y b b Xy

60
€ = €0S%0, - &, + sin®0, - &, + sinb.cos6, * Vyy

30

€q = €4C05*0° + £,5in°0° + Yy, sin 0° cos 0° = 10x107°

€p = €,€05°30° + £,,5in*30° + yy,, sin 30° cos 30° = 20x107°
£c = £,€05%°60° + £,5iN*60° + Yy, sin 60° cos 60° = 30x107°
Eq = & +M +W= 10%107°

ep = &¢(3/4) + £,(1/4) + ¥y (V3/4) =20%x107°

g0 = £x(1/4) + £,(3/4) + vxy(¥3/4) =30x107°
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LE )

ep = 10x107°%(3/4) + &,(1/4) + v,y (¥3/4) =20x107° g, = 10x107°
gc = 10x107%X(1/4) + £,(3/4) + Yxy(V3/4) =30x107°

ep = 10X107°%(3/4) + &,(1/4) + ¥xy(V3/4) = 20x107°
30X1076 + &, + ¥y, (V3) =80x107°
gy = 50x107° — y,,,(V/3)

gc = 10X107° + £,(3) + ¥4, (V3) =120x107° « &, = 50x107° — y,,,(V3)
10X1076 + 150X107° — ¥, (3V3) + ¥xy(V3) = 120%x107°
Vxy(2V3) = 40%x107°
Yy = 11.54700538..x107° = 11.55%107®  y,,, = 11.55x107°

g, = 50x107° — y,,(V3)
= 29.99481x107% = 29.99x107° g, = 29.99x107
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LE )

& = 10x107°
gy = 29.99x107°

81:C+R,€2:C—R

B (&, + Ey) _ Ex — &y 2 Vxy 2
Yxy = 11.55x107° T2 R= | ) +(Z)
14 -6
, <10 _(ete) 3999
A 2 2 T
11.55
_ (B L (Y
(10,+5.78) ‘- J( 2 ) +( : )
| £x107° —19.99)2
= 2
845 C 3155 \/ (z) +67®
-5.78 _ —19.99\2
-11.55 = 11.5456926 ... = 11.55
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