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warp A1
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yielding I8 AR
vielding stress B AR
yield criterion Ja AR HE ]
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. 1 (H}Nmax = 1.)

(b}Nmax = P
(CINuwe = 3 kN
(d)NIII?‘K = ]kN

2.2 [ 2.1
2.3 o= 72 7MPa
5.4 o, = 175MPa,s, = 350MPa
2.5 oo = GOMPa,o., = 40MPa
2.6 Onee = 389MPFa
2.9 P, =62.5kN
2.8 d, = 49.0mm
2.9 &, = 5MPa,r,, = 5MPa
2,10 &= 26.6°
2,11 o4 = 41. 3MPa,r,, = 49. 2MPa
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B

12

.13
. 14
150
.16
17

158
19

21
22
23
24

2D
. 26

27
28

.29

30

- 31

.32
33
E!

0o = 58, TMPa,r,- =— 49. 2MP=
O = 100MPa .7 = 41. 3MPa
o, = 230MPa,o. , = 325MPa

g, = 0.0030,& = 0. 0047

8 = 26.-4%,¢ = 65. 22 BEHEM
D= 18. 87mm

o = 82. 3MPa,s, = 13]. §MPa

d == 20mm,b = 84. lmm

D, 2= 89mm

LP] =97.1kN

g = 45°

a = 54°44’

Al = — 0. 20mm

P =18 7kN

E = 70GPa, x = 0. 33
AD = — 0.0179mm

I? = 2].2kN,f# = 10. ¢°
Ay = 0.938mm(—),f, = 3. 58mm{ )
A = 0. 50mm(—), fr = 0. 50mm{ § )

A2+ SR
B T EA
2P F
t —_— - =
(ﬂ)Jmax - SA!gmax - 3!4.
s 2P £
(bjamx - BA'Jmax - 3A

P

g, = 66. 6MPa,o, = 133. 2MPa
A, = A4; = 182mm?

Ny = 72.3kN ,ou = 1. 823MPa
N¢ = 6. 78kN,os = 36. 5MPa

O AR 3
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2- 35 Jh\'r;.;(" - 2

!\‘r.an - f'"'rm_; =
A, = A,

&

N, =Ny =

I A “H

YL PG Nag = —_wz/—zf’(ﬁﬂ;)
JZ —1

5 P

= 24; = 2450mm’

N. = 2 42

2— 2

POR) N, = N, = f(ﬁ)

g PUE)

fE, gk

[ RS N i T e N e B S T i N i

. 38

- 39
.40
.41
- 42
- 43
. 44
- 45

r
j\.’]m“ - 5;)91V2max — P N:imal - '5__

6,’ 6
[P] = 37. 7kN
t = tMPa,o,, = 12. 5MPa
8 == 9mm,! = 90mm, A = 48mm
d == 15mm
¢ = 153MPa.r
[P] = 151kN
g = 125MPa.r = 99. tMPa,q, = 125MPa

g=Em H #

()T max = Mg
(b)T e = My
()T e = 2kN » m

(d) [T | mex = 3kN = m

[Fl &R 3. 1

M= 7181.0N -m

(a)T e = 1. 273kN +m
(b)Y e = 0. 955kN «m
T = 135. 3MPa -
G — 416. 6GPa
T = 149. 4MP=:

¥ = 2.53 ¥ 10 "rad

)

R L

H !
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3.8 r— 49.3MPa

3.9 T =15IN+»m

.10 T, = 32.6MPa,r,,, = 40. 7MPa

11 14 = 63. 7TMPa, 7., = 84. SMPa,r,, = 42. 4dMPa
.12 Np = 33.7kW |
.15 of, = 40. TMPa,o.., = 40. TMPa

.16 == 58. §mm

.17 d}; 36. 3mm,d, = 24, 7mm,d, == 41. 2mm
.18 ( = 84. 2GPa

.19 N, = 187kW

.20 ¢ = 0.051rad

L]

16M
. 2]. Ty — amax - dg, 'J"Iﬁt - G (dd

.22 d = 68mm
.23 49.1%
.24 d, == B2. 4mm,d, == 61. Bmm

- _ And Gy
25 M= .—64ﬂ

26 d = 36. 4mm

27 d 2= 57. 7mm

28 [M]=5.24kN »m

26 T, =1.32kN+m,T,= 0.68kN +m
Timax = 41. OMPa, 05, = 54. 1MPa

a0 g 0-424M 0. 333M
' = "agn T T ab

31 4 = 14.56mm

[T o T Y. I o G N b 7 K N o S o - T F 1 o B o B

32
33 [Mz] — 1.727kN + m,$, = 6.12 X 107 'rad

34 BEE62.5%
35 T — 33.2MPa,n= ¢

.36 C = 53. 7N/mm
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3.37 d = 6. Amm.n = 8
3.38 ] = 3. 74kN
3.39 [P]= 2.36kN,A = 313mm
3. 40 Ty = 60. 1IMPa,A = 69. 6mm
BT R2HNAN
4.1 (a) Qﬂl = IJ,MAI = Geri' = PaMf.' = P?!y
QH. = P!Mﬁ.. ZPZ
M, . M M
(b Q.«n = - TjaMm = Mg.Qp =— anMc = 70!
M,
Qﬁ— - TJaMﬂ =0
, _ P bP _ abP
kC)QA_F_a—}—{’)’M OQL__Q—I—;‘M {l—+—f‘}’
al? af;-P al
ey = é"—'q_"bsM(‘+ = oy ;QB— a 15’
MB— — U‘
/ 3gft f {*
(d) &, _%!Mﬂi {é WO . %!MC— :_%:
Qoy = I Mpy = %!QH d.M, =0
2
4' 2 (a)Qmux - qJTMmilx = g_z{-
J'l«ff,;
(bJQmux = Aﬂfmu‘. = M{)
Qe = Py | M |y = 2
EZ
@ 1Q e = 2 [ M | =
_ Sﬁ _ 9qa°
(E }Qm.—m o 2 '?M!'I'i.‘!i - 8
() Quu = 2 M = g
4.3 (@a)M .. — rt

H !
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4.1

4.6

e

7

W

B

1.9

4. 10

5. 2

-4
ST

W |

(C )Qm,u.x -

( d )Qmax

{a)y = —

Qmax

a = 0. 207!

(b}Mmax - E
4
P
(C)lwma: - 6
_ 3P
(d)Mmax - 20
_ W 9gl*
(a)|Q|mﬁx_ iM|max_ 128
2'2
(h) EQ|mi1x - 5q£- |M|max — %
(a}leLﬂi = F?anx = 2P£
_ _ 4
(b)Qu. = 5 M. 2
il gﬂz
- ,'_i'l. —_
4 ¥ fmax 32
= g_gj!me - fi"gz
_ & _ 3d8
{E)Qmax - 4 * ;M |max - 32
_. 10g _ 17g8°
(f) ]Q|n1eﬂt - g 'J‘*Mmax - 54
2.5 d gy p— 2 —3d _P@l—d)F
= 4 1 Tmax 8[
P2l — d)
(b)’?zo-ﬁﬁqzz_di|gmax:_uﬁf—
_ 4ol _ 9o’
\ 2 Mm.nx - 6
g0l _ ot
4 M. 12
EHE RHED
Ed d

=T D™ I+ D
= 176MPa,s, = 132MDPa

= 55. 6MPa,o,., = 111. 1MPa
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320 rEd’

o 6 Toon = dq r Priin = Wf
5.7 ¢y = 67.5MPa

c e T o 5 vV 3d 5a*
LS TR
5.0 (= Y3, /6d

3 3
sy /38

5.10  (a)l, = 1. 792 ¥ 10°mm*
(b), = 1. 547 X 10""mm?*

a1l T = 26. 8MPa,z, = 3. 15MPa,r, = 21. 9MPa
5.12 ... = 43. 8MPa,r_, = 38. 2MPa

5- 13 Thax — ].ﬂ].- GMPHQTA — 92- 2MPE|.

_ _ 16gt _ 16g8 O 3L

a. 14 Towx — 33.&:3'—'2 s Far — ﬁ'da !I‘m_“ — E

5.15 ... = 32. 3MPa

h = 125mm, 0., = 7. 78MPa

5.18 O = B4. 8MPa,a, .. — 68. 7TMPa,
Treuax — 15. 87MPa

.19 op.. = 60. 4MPa,o . = 45. 3MPa

200 b = 32. Tmm

.21 a=721.2mm

e 22 O = 18. 24MPa, 0. = 63. 8MPa,

e = 29, 7TMPa

+ 23 Tp = 1MPa,o,.. — 6. 67MPa

.24 N2i6 T 54

» 25 h 2= 307mm,d 2= 260mm

.26 Noz5b 3 N028a T.2¢4H

= 1.414

[ |
|
=1

|

Lo b Nk N |

T

=5 IS L N -+ T 5 |

9. 27 Wf,

R 6194

|

. 2

o
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5. 30 &= 5]10mm
531 a= 1.385m

%Pi 3P
[ — _ T
I 32 b(ﬂ") h |: :| mln 4—&[1_]
5.33 {(a)h = 2b_2T1l.2mm
(b)d == 52. 3mm
534 PP = 1.03kN,5 = 31°21'
41
5,30 Omux 5
ETRE RHTE
__ﬁJJ _— M
6- ]. (a)ﬁmnr - EIT }', s ZEI( * }
_ o el
(bj|ﬁ|max - HEI( w}v‘fmaz - 8EI(+ )
ﬂ{E
. PJE _ Pr
(b)&, = 2451‘“ Y Ne = IZEI{ v )
_ o 4lglt
(e, = Dy = 384 E]
Sqf’
(s = 7go57¢ 1
} M
6.4 {@)fm = ——=—C(*)
72 « 3 EI
. P
(b)fma:r. - le‘r( + )
. MEH
6.5 4= 6E T
6.6 M,=2M,
_Pe
6-7 SET
6.8 o = 24mm
303
6.9 vi— 0. 315 P (4)

bR

¥ W

B (A )

H !
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6. 10 (a)M = Pa 4+ Pt < v — % =t
(cyM 4.z+ o4 G T 2:}
6.11 A8 6. 3
6.12 » = 17.2mm.vy, =— (. 21mm
P M
6.13 O T 1RET SLI{‘}
: __ xld —2)- - N
6.14 v = SR LM — ) M+ )]
6.15 N21§ T 54
- _ 3la
_ ’E’qf" o ]'}"qé‘f
6. 17 fo = 2451( v ) ,0. = 435!0}
6.18 (adxr = 0. 1597
(hyx =1/6
- / y |
6.19 f = zj;f(w + 20ah® 4+ 24a’h + 8a*) ()
3Pa /
6.20 (a)y. = 2—53(,}
3P
(h)é = 4}51; (4 )
o _{2_ (EI)? _ ES
6' 21 ,}JH - + GIJZRE(‘# )!dnmx - 2R
. 2 0«‘3'_@_5_“ _ o
5.22 = S55¢-,0=15.36
525 (R = 24(4 )R, = 5ffﬂ('r > Re = “"“( $)
(b)Ry = 2144y M, = 2L () R, = Tgacy
. _p _ 3M, _ _ M,
6. 24 (a)R, = R = 7 Moo= M. = 1
13ga 5qa’
(bYR, = 16 My = 18
6‘ 25 /ﬁ-ﬂ-h;'ﬁ B=me - 30- SMPﬂ

iﬁﬁjﬁ B:gma:[ = 6?- ZMPEI.
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B. 26  Opae = 46. GMPa
6. 2T Fraae — IOSMPaTE’BF - 3] . 8MP3 o T al 8-- nglm

G-

e e e

28

[Ao]

.

o |

.10

.11

P
2487

$-tE EIRSHHTSEERER

{(ade, = 10. 0MPa,r, = 15. 0MPa
(b)a, = 47. 3MPa,r, =— 7. 3MPa
(2o, = 40. 0OMPa,r, = 10. (MPa
(b)o, =— 38. 2MPa.t, = 0

A =

(c)r, = 0.49MPa,7r, = — 20. 5MPa
{d)s, = 35MPa,r, =— 8. 66MPa
[E] & 7.1

[ 5% 7. 2

o, = 70MPa,e, = 10MPa.e, = 23.5°

{(a) o, — 52. 4MPa,s, = 7. 64MPa,o, = 0,

a, =— 31.75°
(by e, = 11. 23MPa.e, = 0,0, =— 71. 2MPa,
a, = 50.2°
{(cyo, = 37MPa.o, = 0,0, = — 27MPa,
e, == 70, §°
(a) o, = §0MPa,0, = 30MPa,o, = — 70MPa,
o, = 60MPa.r..,, = 65MPa
(b) 6, = 50MPa,0, = 30MPa,g, = 50MPa,
Oy = 50MPa,r... = 50MPa
(H)E}'J — J'JZ - a3 — {}!dmilx = g'!rmax = %
{(bYa, = 1,0, = 0,0; = — T40p4 = Tyax = T
=L+l /T E e =0,
Ty 2 2

1 . "
z'-:I'l'l.B!'. = _:/'l' o ﬂ--’: + 41.2 e = J[

—t
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7.12 o, = 84. 7MPa,s, = 20. 0MPa,s, = — 4. 7MPa
7.13 Api.o =0, = 0,0, =— §0MPa,e, = 90°
B ;e = 0.1678MPa.c, = (0,0, = — 30. 2MPa,
a, = §3.7°

(__,1 fér:;ﬂ“] — SMPaan = 059-3 - — BMPa?ao = ’15?
7.14 g = 380 X 10 %*,e, = 250 X 10 ¢,

Y., = 650 X 10,6 = 66 X 107F
7.15 o, = 105.5MPa,s, = 51. 7MPa,r, = — 11.5MPa
7-16 o = 0,0, =-- 24MPa,0;, =— 80MPa,7r_, = 40MPa
el *Fe, ..
. M= """
71 16C1 + )

7.19 6 = 38. ZMPa
7.20 (a)o,,=o¢

1 — 2
1l — p ’
7.21 o., = 180. 3MPa

(b )LTH,. O

7.22 nl=feli[r]= i[_i]ﬂ

7.23 Ogu = 133. SMPa,r,,, = 62. 1MPa,s,, , = 168. 2MPa
7.24 o.= 58.3MPa,s, = 116. 7/MPa,o,,., = 116. TMPa,
Tmex = D8. 3MPa

7.25 6., = 115. 5MPa
7.26 & =1.7mm

7-27 & 2= 3.25mm
7.28 6,,= 20. 1MPa

ENE HETE

N222a R

r= 18. 38kN,d = 1. 785mm
Tmaw = 96. 8MDPa, o, = 62. 4MPa
h =2z 21. 8mm

50 Do oo
B Ly bo
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.11
12

13
14

-186

17

.18
.19

.20
21

14 ’rvl UH {

£ = h. Zmm
a = 20mm,! =
[#] = 4. 85kN
h =262 1.1mm
B B, = 117. 6MPa
BT B- : Ooux = 106. 4MPa
d = 23. 6mm
[ = H]10mm
, = 118MPa
d = 5l.
G, = 292MPa

J( AP\, (16T

E] +5[ rrdﬂ) <o
2f’

1677
7’ +\/ :'rdz wd?

Fogos — = 107, 4MP3

.., = 119. 6MPa

-4

g, ; = 26. TMPa,0, = 2. 73 X 10

200mm o =

J!T.l.ﬂ. x

O9mm

o P
KB4, W%

B gl

147mm

| < [d]

_ﬁradafn = (. 80mm

¥ EFRENRE

(a)P,,
(b)Prr =

{c)P, = ¢
(a)P,, =
(b)P,. = 52. 6kN
()P, = 459kN

H g !
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9.3 P e ’IQ'E“‘T,'FW _ ¥ 2rEl
2a a’
w2 E]
9.4 P, ="%
9.5 (a)p = é P = i‘f-j-zg
(Wa=1.P, = H;‘S‘I
9.6 « = 44mm,.{’, = 144kN
9.7 /= 860mm
o
9.8 [p1= 4TL!
atd
9.10 (a)P, = 15, 79kN
(b)P., = 49. 7kN 4

(¢)P, = 56.4kN
9.11 (a)P, = 375kN
(b)P, = 644kN
(c)P, = 633kN
(d)P,, = 752kN

.12 P, = 231kN
i
.13 5 1.429

.15 [P.] = 115.8kN

16 [P,] = 5].5kN

.17 [P, ] = 513kN,ep., = 134. IMPa
18 Ne22a T 24K

19 a = 181mm

2':] df,( ; 24- 21111‘11 ,dﬂ{_‘ ;:2— 3?- me

F+E FEFTEEEE

10.1 o, = 200MPa,o, = 100MPa,R = 0. 333
10.2 o, = 152.8MPa.s,, =— 101. 8MPa,s, = 25. 5MPa,
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10,
10.
10,
10.
10.
10,
10.
10.

11.

1.

1.

11.

11.

11.

11.

3

-3 & =

8

el

1C

z

oW ACHIE A%,

= 127. 3MPa, R = — 0. 666

K.=1.53
,=1.19
BEAE 45%
= 3. 25
(] = 212kN
r = 2.0mm
n, = 2
?Il’.'f == ]." 4
F+—%F s®EE
rep P
{a)l/ = m*fﬁ = m( v)
M:! oM
(bHl7 = m.r? = SEI(’\)
Ir— 16MH(dY + dd, —{:ci’i_z
T 3nGdid;
5 — 32MUdE + did, + dD)
B 3JTGa"*d3
Ir} .y .
. llqa _ 2qu’ 1
(b)fﬂ - 24’1.{:]( * )15‘4 —_— SI‘:I[_‘ .
. 1+2 P
fo= ( _|_ h*ﬁ:)__(,L 3
/' 3Pla
{a)A, = GEA {+)
(bya, — 24 —I—E«{l?)Pa(_#)
G
by = _mf
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11.10 8. = SFT )
P’
11.11 &, = 12&1( )
_gat qcu” qa’l
11.13  [E5 6. 20
11.14 f,4, = 16. 8mm
_?2Pa* | 8 2 Pa
11.16  (a) | M| = ga*
(b}Mmll - M”
2
11.17 @H, =R, =Re=0,H=F
(b)Ha — HD — g_f]?RA = RB == %J
11.18 [&] &0 2. 35
i1.19 (a)e,., = 184. 3MPa
(bYo,,. = 15. 85MPa
11. 20 H,x = 249mm
11.21 f,= 74, 5mm,s,, = 166. 8MPa
g’ 2[ I+ 1+ ﬁf’ifJ 1
11.22 5™ = — ~ (F
4 ARETH
L+ o1 + 4BELH
11.23 A, = 2ul pJ B PEbL

3 glbh’ Tua bﬁ gf
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