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2-1 , B
E = 200GPa,
I«
@30
2 E S3kN _
- Slkn — )
1 7 =1
i ' SEkM TH
g : 900 | 1220
1
ia) b
2-1
2. ;
3.
()
Fu  4Fa  _4x 30x 100
(a) l OAas = A]_ _T[d —T[X 202)( 106—955MP8.
_ P _4x (50+30)x 10° _
Osc = AQ - T[X 302X 106 —113M Pa.
FNl Il FNZ |2 _
2. A=A las +A lsc = EA + EA =1.06mm
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Bue | AxS0x 10 _ 4, 4yp,

(b) 1. one A 7ix 38 x 10 °
Puee _&x (601X 10 . 44 1)p,

O ="A, T mix 65 x 10°°
2. Al =A las +A lsc = FNEA’BAIIAB F'\E;‘IZBC
- 60x 10°x 1. 22x 4

__50x 10°'x 0.9x 4
200% 10°x1ix 38 x 10°° 200x 10’ x 1tx 65 x 10°°

=0.0881x 10 °m=0.0881mm
2-2 d=36mm ABC Ch C ,
1 CD ;
2 F. =0, AC Iy, [ AI:E';;I,
E
e gy rhllkN
4 i -
E=2000Pa &
i I 150 =
For=50kN | —
i £
c—|
E=1050Pa E
n F 1K)
L Fax=100KN s
2-2
1w = W+ (FN)ABIAB +(FN)BC|BC
T E nd E nd
* 4 * 4
_ 0+ 150x 10°x 2000+ 100x 10°x 3000 _ 4
200x 10° X 36
=2.947mm

00000000000000000D000 O www.khdaw.com



3

o=tk + cmd 105% 10° x Tx 36
!
Feol Feh Fe(l-b) L
2. EA—AI—AIAC+AICD—EA+ E A , I’]—I
1_nh . 1-n
E E E.
e EE
“En+(1-mE
2-3 I=1.2m 1. 10x 10 °*nY
: d=15. Omm BC :
C Fe,
E = 200GPa, E. = 70G Pa; F = 60kN,
C
" l.‘-'_, GOKM
I
_ B B | =60k oOrTE T
i i
& £l &
. » P
] ’ {" |ed
' Yy A E,
5 \.IJ (F s e 1“‘
X
1 .
! : I
F, o P
4 X
2-3
- Fol
c 1. :uA-uB:ﬁ( us =0)
_ 60x 10°x 1.2x 10° _
= Z0x 10°x 1.10x 10 °x 10° _ O- 93mm
3
2. : w:us+';’—f“f:o.935+6ox 10x2'nlx 10 _ 4 50mm
* 200x 10° x - 15
2-4 ,
p = 10kN m; D Fr = 20kN
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A=2.0x 10" “m’,I=2m

1. ABE ;
2. ,
I ; -.-J.+ i A e F /N
! e
1 LEh !
~ea o 9 F 0
f’j- I
t A
1 (
i ? S 20
B
e ? i I
1 | D 1
l D
F,
A4

24

Fva = 40kN, Fne = ZOkN, Fve = 30kN

Fua  _40x 10°
1oos=") =5 "5 = 200MPa
Os = FXB =100M Pa
Oc = F;E = 150M Pa
2. Omax =04 = 200MPa( A )
2.5 F = 4kN

& =13.8mm; & =17. 3mm
, [c] = 53.0M Pa

. Ms = O, Far =2kN
2
Z F =0, Fs =6kN

_ Fa_ 2000 ___ 2000x 4
On="An~ Ly mx13.8x10°
4

=13. 8MPac< [d],
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Os = % == 6000x 4 _ 55 53MmPpa< [o] ,
° X 1r.¥x107
e 160 | _BO_

Je bz
_an . s 60 isu__l
: : uéﬂ A P
; i el e |
fi e e BIERRE ; [ |
_‘?T F, Fy JkM
7 72218
2-5
2-6 AB BC
,A BC )
Fer = 1200kN, B h=0.3,
[0] = 78. 5M Pa b h
T
EZA=
__.l'.l__ i
poi
. o
bolh
-2 |_420 | 420_|
2-6
Yy F =0, 4Fcom=F
Foo—P o120 10° 5 05 g5y
4coxn Ax 960
J960° + 420°
c_ﬂ_ Fn < [o]
T ATO0.3K7
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o By j 3. 275x 10°

0.3[c] ~ 40.3x 78.5x 10°
b=0.3h= 0.3x 0. 118=0.0354m = 35. 4mm
h=118mm, b=35.4mm
2-7 BC AC , d=20mm,
Q235 [o] =157TMPa

=0.118m

2-7
'y F=0, Fo = 2Fa (1)
y Fo=0, QFAMBFB-FP:O (2)
2 2
e (3)
2
Fe< [O] x T[Zdz
1+3[3 Tt
F< 5%, do] (4)
:1+2 2y %x 20°x 10 *x 157x 10° = 67. 4kN
(1) (2
Fp:ﬁ(lT*@FA:é”T*@x 0] Td = 90.28kN  (5)
(4) (5 [Fr] =67.4kN
: , [F]=[0] A+[0] A(A  As AC
BC ), :
2-8 12 3 4 12
A = A =4000mnT ,3 4 A = A =800mm’; 1 2
[ow] = 20MPa,3 4 [0:] =120M Pa
[F]
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- 4m ___,rl
2-8
(@: T F =0, F=2F
'y B =0, 2 =3
_ _ 4. _ .4
ZFX—O, R = 5F3— 3Fp,
(b):

_ ~4_ 4
ZFX—O, F4—5F3—3Fp
y F =0, FZ:-%R:-FP
|Fi|>| R
J%ls[ow]
Lhs Ao

F< %At [ow] =%x 4000x 10 °x 20x 10° = 60kN

F>F, &S [os], éFPS [o] As

As 3
3 3 6 -6
< c [0] A = 5 X 120x 10’ x 800x 10 ° =57. 6kN
[ Fe] = min(57. 6kN,60kN) = 57. 6kN
29 , F = 38kN,
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£ =00

R

E=T0GPa ",
o ¥, \ i
[ S
i .,
=] e
1
! - -
N -
P e B
~dp £
2.
2-9
Fus _Fua
EA EA (1)
Fns + Fva == Fr (2)
_ E A
Fuo =l g e P
Foo = —2A
E As + B2 A
oo B E Fo _ EF
" A ~ T Ebh+E- 2bh~ ~ bhEs +2bhEa
_ - 200x 10’ x 385x 10°
0.03x 0.05x 200x 10° + 2x 0.02x 0.05x 70x 10°
= - 175MPa( )
_ Fue E. Fe _ - 175E 70
= A T hbhE+20hE . B % 500
= - 61. 25MPa( )
" 2-10 ,
0.24mm
1. , ,
_0.24 _ »
= 300 - 8* 10
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2 F.
= E=105GPa é
i S

300

| E,=T0GPa

M \r/ F.=F,
[ 60 | Fy

2-10

FP =0Ocu Aw + Oa Aﬁal = Eo.l8 Acu + EBJS Aal

=105x 10°x 8x 10* x %x 252 x 107 +

70x 10° x 8x 107* x I4L(602 - 25 )x 10°
=172. 1kN

Ow = Exg = 105x 10°x 8x 10" = 84MPa

"2-11 , 2b
(bx 2b) Fe
E: = 196GPa, E = 98. 0GPa
, X= ?

F|.
Ll X o e -
I f.'.j‘let',e

h F
—_———

i
o | B !
lfl‘. 'i'.:'\.

2-11
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b

'S M =0, (b 2Wm). {x-—J:(b 2b)0a{%b— x}

2

2X- bzg
3b-2x o

o: _O

(2) (1)

4x - 2b=3b- 2x

5

6b

X =
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(A)
(B)
(€)
(D)

3-2
(A)
(B)
(C)
(D)

3-3

(A)
(B)
(©)
(D)

(B)

(B)
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3-4

(A)

(B)
(€)

(D)

3-5

(A)
(B)
(€)
(D)

(B)

0o (1) =06 (2) >0b(3),
0(1) >8(2) >5(3);

Ov (2) >0v (1) >0 (3) ,
0(1) >d6(2)>46(3);

0y (3) <ov (1) <0v (2),
0(3) >3(2) >3(1);

0v (1) >06 (2) >00 (3),
6(2)>d(1) >5(3)

2l

3-4

0s (2) >00 (1) >06(3);
E(2) > E(1) > E(3);
0(1) >5(2) >6(3)
(B)
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E(1) > E(1) > E(3),

E(2) > E(1) > E(3),

E(3) > E(1) > E(2),

E(2) > E(1) > E(3),

(B)



3 15
_©
, (©)
3-6 ,
(A) 0. 2% ;
(B) 0.2% ;
(C) 0.2% ;
(D) 0.2
(©
0.2%
(C)
3'7 nd d L]
(A) OAB- BC- COAB;
(B) OAB- BD- DOAB;
(C) OAB- BAO- ODB;
(D) OAB- BD- DB
(D)
¥
1] r3
3-7
OAB; BD; DB

(D)
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4-1 T(P) = Mp/ I ,
(A) : ;

(B) ;

(C) ;

(D) ,

(A)
CT(P) = Mp/ I )
(A)
4-2 ,
Timax  Tomax , G G

(A) Timax >Tamax |

(B) Timee <Toma;

(C) G>G, Timax >T2max ]

(D) G>G, Timax <T 2max

(<
) ' v YrEYy2 =Y
T=F, G>G  Timx >Tom , ©
4-3 d
d D:(a=cd/ D2) ,
(Wil W2) )
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(A) (1-a)°%;

(B) (1-a*)**(1-a");
(C) (1-a*)(1-a’);
(D) (1-a*)"*(1-0a")

(D>
T imax =T 2max
16Mx _ _ 16 M,
nd nD((-a)
l _ PR
o = (1-a') (a)
Ww_A___ d (b)
W o A D(1-0%)
(a) (b)
M _ 1 _a4 23
W 1-d
, (D)
4-4 , mm M =
1765N- m, Mz =1171N- m, G=280. 4GPa,
1. , ;
2.
4-4
1.
AB
Mwe = Ma + Mz = 1765N- m + 1171IN- m = 2936N- m
_ Mae  Mae 2936 _
Tma (AB) = Wors = md - mx(70x 10°) - 43. 6M Pa
16 16
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BC

Maec = Ma = 1171N- m

_ Mec _ M 1171 _
Tmax(BC) = Who = 'Iﬁ = T x (50x% 10_3)3 = 47. 7TM Pa
16 16
2. Prmax
Pmax = Qas + @Psc

_ MXAB |2 MXBC Il

2. Mrj' P TdA1 ;p- ':/l—pxp- 2 =

+
Glp Gl2

2936x 700x 10°x 32 . _ 1171x 500x 107 x 32

80.4x 10° x tx (70x 10°)"  80.4x 10’ x t x (50x 10 °)*
1.084x 10 +1.187x 102 = 2.271x 10 °rad

, M. =3kN- m
r=15mm
|
4-5
_Mc_ Me M _3x10'x 16 _
1.Tlmax—Wp—Wp—]ﬁ = ix 0.06 =70.7M Pa
16
ZTMX. r4

P

M ¢ o _16r4_16x {g}“_i
- T 16

M« 4l ~ x’ﬂ_ d

60
4 32
=0.0625x 100% =6.25%

?
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M Me _
3'T2maX_Wp_1ﬁ[1_[L]4] =75.4M Pa
16 2
1 4
A_'[_TZmax - Tamax _ G4 — [E] _l_ 0,
T Tie  1-0" 7 1_[;]“ =150 07%
2
4-6 AB CD, D , C
A , d=66mm,
D=80mm, o =6mm; [T] = 60M Pa
.
i}
El AL«
§! Fa]
A i
EE 1 =hmm
" -
ra
B0mm
4-6
_ Mk T 6
T max—Wpl-]ﬁSGOx 10
16
3
T, < 60x 106><“"1é36 x 10°° = 3387N- m
Mx T 6
max — = <
T Wz ]ﬁ[l_[G_S:l‘t] 60x 10
16 80
T. < 60x% 105><T[>< 803>< 10'9[ 1- [1—7]4] =2883N:- m
- 16 20
, Toax< T =2883N- m=2.883x 10°N- m
" 4-7 D,
T=M
1.
o~ 2Me
T e o
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4
o~ 3Me
T8 D
3. )
{a}
4-7
1.
a-1),
I\/lei' A%-rdA=ED T- DD
N 2Me T _ 2Me
&t D T mD
2.
. - 3M _ 3M_ _ 3M
™7 h T mD- 8 8TmD
3. ,
(1) (b-2)
~

Timax

(a-1) (a-2] {b-17
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4-8
R, R R, R/R=n,
Mes Meh
Mes Jl - i
Meo 1+ rf
M,
e 2R s
I"«..- v.'l-f:__}
Mo, -
N R, b, fﬂ
e M
nR =n(R- R) (a)
_ Mes o Mes
Tmax = ]ﬁ = N E (b)
16 2
T = Me (c)
n(2R)° 1- 1)
16 (
(b) (c) ,
Mes R
Men R(1-n) (d)
(a)
R=R-R
(d) ,
Ms _ (R-R) _(@1-/) ___@a-my> _ _f-n
M R(1-d) 1-n — (@A-d)(1+d) 1+
" 4-9 d=25mm , D=
75mm o =1.25mm , Me =73.6N- m
, G= 40M Pa
1 , ?
2.
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I ;CI M
7]
Z Vo] il
e
4-9
1.
Mxl sz,
Ma = M
2.
Me=73.6N- m ®o ,
dgo _ M. _ M
dX B Glpl - Glpl (a)
I ] (p21
@1 =@o - Q2,
@1 + @z = @o (b)
_ Ml
(pl Glpl
C
_ Mel (©)
% = G

(a) (c) (b)
Ml Mal Mgl
Glw _ Glu & Gl (d)
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Ma = Me = _IPZ_Me (6)
Ipl + |p2

Ios :% = 35 25'x 10" = 38349.5x 10 “m’
D'

nb'f , D-25H_nx 75“{ _[72.5“
loe = 32{1 [ D = L1 75 ) 1* 10

393922x 10 “m’

T Mo M e M D (f)
T Whe bt e Wee o o+ b 2
lor  Ip2 (f)
73.6x 7—25x 10°
T2max =

(38349 5+ 393922) < 10-12 = 6.38MPa

Mxl

o Me d_ koM d

e 2 dp(lp + 1) 2

73. 6 x 235x 393922 x 10°°

(38349. 5+ 393922) x 38349.5x 10"’ = 21. 86M Pa
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5-1
IF" M, g g
i jo i '4. -..-ln. |H .'I I.. i }
TR A ER AR
a h o bt A ¢ S [N - S I ¢ S
(a (b) ]

(dp (e) if)
5-1
: (a) A : FQ:LFP, M=0
at+b

c Fo = aTbpr . M= a"ibpr

D :Fo=-7F, M:a?-bbFP

B :Fo= - a—;l:p, M=0

(b) A R=lt M=0
C :Foza'\fb, |\/|=aT""b|v|0
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(0

(d)

(e)

(f)

5-2

(a)

D FQ:-a+b, M:a+bM0
Mo _
B Fo= - 2y M=0
A :FQ:%qa, M=0
C :FQ:%qa, M=%q5
) _ 1 _
B D Fo= - 3 da M=0
A qu%ql, M -%qaz
C  :R=7d, M=-gqd
D :Fo:%ql, :'%qé
B :Fo=0, M=0
A i F=-2F, M=FRl
C  : Fo=-2F, M=0
B :Fo=F, M=0
A Fe=0, M:%"
c Fo =0, M:%'
D Fo= - F, M:%'
B Fo= - F, M=0
Fo ( X) =_2_N|I’ M( x) :—2—,\/:X (0= x=< )
FQ(x)=-2—'V:, M(x)=—2—N||x+M (1< x< 21
Fo (%) :-2—'\’:, M(x) = - 2—'\’:x+3|v| (21< x< 3
FQ(x)=-2—'V:, M(x)=—2—N||x+2M (31< x< 4l
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RERRE
-&’ -‘-‘ 'J L'-7£7 ) ! 37
—-l—'l-—-"l-—-'llh-—-i'rh- — { -—— { -—
{a) (b
q gi* i
EERRERER _A_l“tl*li*ll
2 i L L u 71%.7! e
gl
{c) (d)
iy : KT
trittthy v AT, :
i [ R SR U S
(e) ()
5-2
(b)
Fo(Xx) = - %ql - gx, M(x) = g - %qlx - %qx2 (0 x< 1)
Fo(x):-%ql, M(x):%ql(ZI- x) (1< x< 20)
(c)
Fo(X) = g - gx, M(X) = gx+ df - %qxz (0< x< 21)
Fo(x) = O, M(X) = o (21 x< 3I)
(d)
Fo(x) = %q - gx, M(X) = %qlx - %qx2 (0< x< 20)

Fo(X) =-d+ q3l-x), M(x) = d(3l- x) - %q(3| - %)% (2l x< 3l)
(e)

Fo(Xx) = ax, M(x)

%qx2 (0 x< 1)

Fo(X) qI[X- El] %q(x- N2 (1< x< 21)

a - a(x-1), M(x)
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(f)
FQ(X)='g'+CIX7 M(X)=-%q|X+%qx2 (0 x< )
Fo(X) = - —g"+ 21 - x), M(x) = %(ZI - X) - %q(ZI - x? (I x< 20)
5-3 5-2 ,
. _ _M
(a)z Ma = 0, FRB—ZI(T)
- _M
z Fy = 0, FRA—ZI(l )
_M
|FQ|maX—2|
| M|max =2M
20 ,
M M gl
| ﬁ!‘l‘l—r“
A -'lJ b % 3 37. L . é
p— i
i { { ! i ]
‘———I - - !
ia)
Fal
| B
=
M
a7
ia-1})
,!__'_m’ﬂ'f' D E 5
M J-;’LV
T M
M 2
L %-ﬂ
(-2}
5-3
(b) 3 Ma=0, -of -ql S+ql I+Fe 210
_1
Frs = 4q|(T )
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- _ 41
z F, =0, FRA—4Q|(1)

M= Fase =gl 1=l (+)
MA:CI|2
5
| Fo lnw = 2l
| M]max = ql*

(0> B =0 Fa=ql(1)
S M. =0, Ma = gl
|

Z Mo =0, qgf+ql- I-q- E—MD:O

_é |2
D—2q
IFleax:ql
3 .
|M|max:3q|
(d)y Mo =0
Fra- 21- g 311 = -ql- I=0

_5
Fra= 4C]|(T )

_ _3
Z F, = 0, Fre = 4C]|(T )

y Ms =0, MB:—gF

Z Mo = 0O, ng_gCﬂz

| Fo low =2
_25 .
|M|max—32q|
(e)z F, =0, Fre =0
Y Me=0, -ql ivql L+ Me=0
MCZQ|2
z Ms = O, B:%QF

z Fy =0, Fes=dl
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i
AREREE RER

) {

{c) ()

Migl) Migi®}
ie-2) (-2}
5-3 ()
| Fo [max = gl
| M|max = qF

()5 M =0, FRB:%ql(T )

- _1
z F, =0, Fra = ZQ|(l )
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> B =0 -%ql+qI—FQB:O

e s e
ZMD—O, 2C]| 2'q2'4+MD

"5-4 ae
b d Ms My,

(A) Mo= Ma+ Awo(Fo), Ma= Me+ Acoo(Fo);
(B) Mo= Ma - An(Fo), Ma=Me - Aca(Fo);
(C) Mo=Ma+ An(Fo)y, Mi=Me - A a(Fo);
(D) Mb=Ms - Av(Fo), Ma=Me+ A o(Fo)

Awv(Fo) ab

31

MY
5-4
ab
Mo = Ma - Aav(Fo)
de ,
Me = Mo + Aine(Fo)
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Fo

Ad—e( FQ) = Abﬂd(FQ)

Ma = Me - Aewi(FQ)

(B)
5-5 , ,
A Ma =0
| B i
- 3000 - 1000 |
| F;_'.n'l I\.N |
M . :
20
i ~ [F?PN _
D = X
25
15
3m <
A | | Fr <
&
MiEN-m} 40
3
(a)
g=13kMN/m
{ I 1 1 9 L L1 L
B@ L
(k)
5-5
Fo )
,A B ; A B
, A B Fo
Fra = ZOkN(T )
Fre = 40kN(1 )
F = 0,

Fra + Fre - gx 4 =0

00000000000000000D000 O www.khdaw.com



Fo

33

5
g=15kN m
D B ,M D B
d 4 ;A]Z_@ _
Mo = 20x 3 15x 2[3 —3kN m
MB:-qX1X%:-7.5kN- m
(b) (a)
|FQ|max |M|max

cl {d)
5-6
(a):
z Ma =0
Fre- 21 - Fe- |- Fe- | =0
Fre = FP(T )
Z Fy =0, Fay = ()
z Fx = 0, FAx = FP(<—)
(a-1),  |[Mlmw =2F 1, C

(b):
z Fy=0, FAyqu(T)
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Z Ma = 0O, FRB:%QH—»)

_ _ 1
S F=0, Fu=5d(-)

(b-1), | M|rax = gf
2
-
| i
— Ful
Fp [ D Fry
I q Fu
F,
(a)
. l i
2
pi= MEFD
A

b =

1| =—

(e=1)

i .
HHH%
! - Fog

is
(b}
1
| 2 ‘I\I\mﬁ\l\—»__
1 B
2 [
>
Mgy
fi
(b-1)
! [} _

b=

A

| =

d)

Mgl

(d-1)
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5
(c):
Y F=0, Fu=d(-)
Z Ma =0
g’ - d- E'-FRB- =0
_ 1
Fre = 2(.]|(l )
Y F =0 Fu-= %qI(T )
(c-1), | M|max = gl
(d):
Z Fx = 0, FAx = q|(<—)
Z Ma =0
-Q|-EI-CI|+FRB I'=0
_ 3
Fre = 2CI|(T )
z F, =0, Fa = %qlz(l )
(d'l), II\/Ilmax:ql2
5-7 o}

- : 2 £ 4
g = -
[A) (H)
i
LI | L 1 J' l L J‘ l 4 1 1
- ! - 5 :
i 4
5 ]
—-H—F'—_- '.—--_.—F-—
.%a
(C) (o)

5-7
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1 .
© (A) Maa :qu

1 .
(B) Mmax = 4_OQ|

1 .
(C) Mmax :qu

(D) Mnax = E)ql
(B)

5-8 mm

N

5-9

1-1 A B

) frl_mr\-"m_ ) I
/i 1 ll AL l 1] Hh /}u
1 G | e

4 ! I 1 - ' J/
yy =1

i
1
-2

11

M =-|1x 10°Nx 1m + 600N/ mx 1mx 1?m] = - 1300N- m

1-1 A B

150x 10°m 3 ]
_ My 1300N- mx [—2 - 20x 10°m

Lo 100x 10 °mx (150x 10°m)°
12

2.54x 10° Pa = 2.54M Pa( )

-3
1300N- mx [—150" 10 m _ 4ox 10'3m]
Os = MZV = 2

I 100x 10 °mx (150x 10 °m)°
12

1. 62x 10°Pa = 1.62M Pa( )
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( )
ICETERE
. 2395 e s _
]| - J
.-1[F —— ﬂ I [Eﬂ] B
F_, 1 - . |
I -1 L’J RIS ﬁ
1Y | 3
GO O : 0
| h o o Ly
¢z
=
5-9
1.
Mnax = - 2200N x 2395x 10°m = - 5,269% 10°N- m
2.
_ Mmax _ Mmax _ 66mm _
o= ow T . nD % J0gmm - 061
2% (L-0)
32
O = Mma _ 5.269x 10°N- m
max -3 3
2W 2% m(108x 10 "m) (1-o. 6114)
32
= 24.71x 10’ Pa = 24.71MPa
5-10 , q g=2kN m,
I=3m, h=2b=240mm : ( o ( b)
q
1 1 T - )
-:.- D l
i h =
- |r s T
{a) {h) (c)
5-10
1.

2

Mo = 95 = 2x 10N/ mx (3m)*
max - 8 - 8

= 2.25x 10°N: m

00000000000000000D000 O www.khdaw.com



38

Mnse _ 2.25x 10°N- _mx 6
ho’ 240x 10 mx (120x 10°m)®
6

3.91x 10°Pa = 3.91MPa

Omax =

Mna _ 2.25x 10°N: _mx 6
b’ 120x 10°mx (240x 10°m)’
6

1.95x 10°Pa = 1.95MPa

Omax =

5-11 )
mm Fr = 10kN, g=5kN m,

Fy

..
@140

1 L 1 L 1 L
] —

P Zr

800 200
e -—

-

] ()

20

[0] = 140MPa,

MUKN -] 30.65

5-11

Mnea _ 32x 30.65x 10°N. m
Wi (40x 10°m)’

113. 8MPa < [0]

Omax =
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3
G = MVT;*Z - Jex 20 AT R = 100.3% 10'Pa
ooy o [4]
(40x 10°m)” x |1 140
= 100.3MPa < [0]
5-12 AB , Fr = 10kN, M =70kN- m, a=
3m ( mm), G :
l. =1.02% 10°mm’, [0]" = 40M Pa,
[0]  =120MPa
F M
(A
L -
- = 150 ¥
IR T S R T T
= THA
a0 }-1' .
25 25
I/m !
MIKN )1 4
{al (b
512
C D
C :
. _ 30x 10°N- mx 96.4x 10°m _ 6. _
Omax = L 02x 10 x 102t = 28.35x 10’ Pa = 28.35M Pa
. _ 30x 10°N- mx 153.6x 10°m _ 6o _
Omax = L 02% 10 % 10 = = 45. 7x 10° Pa = 45.18M Pa
D

_ 40x 10N- mx 153.6x 10°m

Omax = -
1.02x 10°x 10%m'
.. = 40x 10°N- mx 96.4x 10°m _
1.02x 10°x 10 % m’
5-13 No. 10 ABD
BC , BC

= 60.2x 10°Pa = 60. 2MPa > [o]

37.8x 10° Pa = 37.8MPa

c
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d=20mm, [0] = 160MPa

[d]
gy
L =
i TO * Ne.10
R | Lﬂ 5 I

Zm lim

— -

ANy 4128
5-13
_ Muax 0.5q
Onax = WS [o], Ws o]
. [olw _ 160x 10° x 49x 10°°
9= 0.5 0.5
= 15.68x 10°N m = 15.68kN m
Fn 4Fs 4x 2. 25q<
max = _S :—_
° A (a1, nd nd [o]
.mdx o] _mx (20x 10°°)*x 160x 10°
9= 4% 2 25 4x 2.25
=22 34x 10°N m=22.34kN m
[g] = 15.68kN m
5-14 =
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20kN,

AB

W 2

5-15

41

[0] = 160MPa,

Pay ,éé,"l S

K
d4m __‘ Im
et — -

5-14

Fox 1m = 20x 10°Nx 1m = 20x 10°N: m

Mnax =
Omax = M\X/ax < [0]
Fp><1m_20><103N-m_ -3 .3 _ 3
o] = T160x 10°Pa 0.125x 10 "'m = 125cm
No .16
AB , F
30% AB
CD, CD
Fp

{';H -
i

| im g Im
5-15
Mmax
max — <
o w = [o]
Bl
_4 _
W 1. 30[0]
Mmax
max — <
o W (o]
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— (3 - 2a)
2 = [o]
w
il(3 - 2a) Fel
2 _ 4 - [o]
w 1.30x W
1.30x (3-2a =0.5
a= 1.308m
5-16 , ,
mm Fr1 =60kN, Frz = 4kN : A BCD
Fu: A F,
T L~
R
A e
1200 -
5-16

1.
Fv = F» = 60kN
My = Fe2x 1.2m = 4kNx 1.2m = 4. 8KkN- m
M: = Fex 20x 10°m = 60kN x 0.02m = 1. 2kN- m
2. ABCD
O = A M M
A W, W,
_ 60x 10° _6x4.8x 100  _6x 1.2x 10
© 200x 120x 10° 120x 200° x 10°° 200x 120° x 10°
= 2.5x 10°Pa - 6x 10°Pa - 2.5x 10°Pa
= 2.5MPa - 6MPa - 2.5MPa = - 6MPa
Fn M M.
%AW W
= 2.5MPa - 6MPa + 2.5MPa = - 1MPa
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im,

5-17

) 43
B~ M, . M
= — - + —
AW W
= 2.5MPa+ 6MPa+ 2.5MPa = 11M Pa
o= 2 . M M
A W, W
= 2.5MPa+ 6MPa - 2.5MPa = 6MPa
, e Fe2
y FP1:8OON,FP2:1.6kN,|:
[0] = 160MPa
, h=2Db;
|F..
7 7
_i
-
—.d-—
5-17

My = F | = 1600N%x 1m = 1600N- m
M. = Fe x 2] = 800N x 2m = 1600N- m

M M

W, W

Omax = < [o]

My Mz<
g w0
6 6

6x 1600 , 6x 1600
26 4B

3 3
b> W = 0.03556m = 35.56mm
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2.
My = Fee | = 1600N x 1m = 1600N- m
M. = Fu x 21 = 800Nx 2m = 1600N- m
M= (M, + M = |1600° + 16007 = 2262.7N- m
Omax = Mvmvax < [o]
32x 2262.7_ 1.0 14
nd
3
’32x 2262.7
d> [2eX<204 L - o 0524m = 52. 4mm
x 160x 10°
5-18 AB BC ABC
F> =22kN, |=2m [o] = 100MPa
AB
I
| Py
i - 3&% 3 | 3077
. ﬂ'l'g I Flr A I
f‘p
.F|'\.
5-18
1.
AB , :
z Ma = 0, - Fex EI'F Fec x 1sin30° = 0, Fec = B = 22kN
AB B
Fv = Fsccos30® = 19052N
2.
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4 _ 22x 10°Nx 2m
[0] 4x 160x 10° Pa

, No .16
No .16

W > = 110x 10°m = 110cm’

A=261cm” = 26.1x 10‘m’
W = 141cm’ = 141x 10°m’

Oa = F_AN\'F

sk

19052, 2x.10'x 2
26.1x 10"  4x-141x 10°

7.3x 10° Pa+ 78x .10° Pa
85. 3MPa < [O]

, No 16 ,
5-19 (a) (b)

{al by

5-19
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- (@)
_a
_ B P4 4 B
Oa = + 2 = 2
ax —_—a a[ia 3 a
2 2
6
(b)
=3
O = 2
a
0. _ 4
Ob 3
5-20
1. , B-B
; i
2 ( )
B-B ;
3 12 , B-B
E _3{1."
. _ R _ 445x 100 _ BE
1. 0on = - A _T[X 26.72 = - 0. 795MPa
4
Guine = M. - 445x 61x 10 °
T Wa T mx 26,7 o 1
- x 10

=14.526M Pa \|/

Onax = 14. 526 - 0. 795 = 13. 73MPa

5-20
Onax = - 14. 526 - 0. 795= - 15.32MPa
y (c) , Z
9 = 445x 10° __ - 4x 445x 10°
SO = T 26.7)2) 1
n[za 7 [—] ] TTX 26.72[1——]
2 4
4
_ 4 _
= - 0. 795x 3= " 1.06MPa
O momax = M. _ M. T~ = 14. 526% 16 _ 15 494MPa
W,z 1 15
Wa| 1-| 7,
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5
Omax = 15.494 - 1. 06 = 14. 43M Pa
Omax = - 15.494 - 1. 06 = - 16. 55MPa
.Y (d)
Oz _16.55_ or _15.32 _
3. or 15.32° 1.08, o; 16.55 0. 926
i
[ T 0,795
" ¥ RN Wl h b
"= B w\
=
14.526
1z
(&) (b
+13.73MPa +14.43MPa
¥
- - (¥} B
¥ A i I L | O™ I
l.'-’-f’"‘ﬂ‘_.',i"-lm“L 15.32MPa 16,55\ Pa
_'I' =S
(©) @
5-21 , )
=Y F = 1kN,

: A=5x 10x 10 ° =50x 10 °nY

-2
Wy=—5x (150 x 10°° =%2x 10 °m’

_10x 5 o _ 1 6 3
Wz——6 x 10 —24>< 10 'm
Fv = 1kN

M, = 1000x 5x 10°®* =5N- m
M. =1000x 2.5x 10°®*=2.5N- m
B M M.

Omax = —_ +

+
AW, W,
_ [ 1000, 5 . 2.5

+ =+ x 10° = 140MPa

50 1 1

12 24
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__/_1
7
) /
94
<
_i
1 F o)
]ﬂJ
M
A -
W -1 =
-
5-21
A,
" 5.22 ,
h b
L go M _ M. __ 6M
CTTW: T opht T b(d -B)
6
sz d 3 2 _
db = gpbd -b)=d -35 = 5.20
_ {3
b="3"d
2 _ 2_;
h_&-b_s&
h
3=J§ ( )
1 M
2 p. El.
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5
Lo b ¢ - KH
‘T 127 12
dl: A
dh =0 =7 d
2_ 2_i
b_&-h_4&
h_
b= ( )
' 5-23 ,
M. = 20kN- m, I. =11.3x 10°mm®,
X

FN=J' ?odi:J' . 'YizydAj' a? [ YdA

0.0 .
= - MZ‘[' yx 0. OOdej’ yx 0. 088dy]
Iz 0 0

- %[ex Ly 702 +88x %(802 - 702)]x 10°°

(I 2

20x 10°
11.3x 10°

= - 143x 10’ = - 143kN

| Pl e = B

L .20
2x 143

ye' = 0.0699m = 70mm

143KN ( ),

523 5-24
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5-24 , P
1. F-bhl B, a

FIsirB, wF%

Felcod, W-: =%

1 My

M:

M: My, 6IF .
Oa =\ —Wy=6—ﬁ(tnosf3— hsir3)

2. 0.=0, tarB=Fb, [3=arctanFb

5-25 :
?

(A) My=0 M.=0, Fu# 0;

(B) My= M. =0, Fn# O;

(C) My =0, M.# 0, Fu# 0;

(D) My#0 M:% 0, Fx =0

Fvz 0,

. (D)
5'26 )
(A) My#z 0, M.# 0, Fu# 0,
(B) My 0, M.# 0, Fx =0,
(C) My# 0, M.# 0, Fx =0,

(D) My# 0, M:# O, Fu# O,

5-27 C
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(A)

(B) C

(C) o
(D) o

R [

5-27

, (D)
5-28 , A

(A) O
(B)

(C) z
(D) v

(@]

(D)
5-29
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(A)
(B)
(C)
(D)

@)
(a) (b)
(b) (c)
(c)
(d)
_|'h: . Lyt i
\ F, S VF
[— F — F,
i .fi”"{-f H = .0 =0 LTL
- II',II:I A — _I-
| 2 [
{a) (b (ch (di
5-29
(a): Fe
(b): R
(c): F
(d): Fe
(D)
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-------------------------------------------------- 6

6-1
dZW_ M
d¥ = g
(a) (b) (c) (d)
(A) (b)) (c);
(B) (b) (a&);
(C) (b) (d);
(D) () (d)
I’J ll._ ;‘ ‘fi
() k)
rJl - - r
[ch (d)
6-1
(¢)
6-2
)
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ik

(d)

2 (



- if kil
RETEERERE) : 1 siiig,
|

{a) (k)
6-4
° L 2at] 3]
1 |
) . _ gy 129 2
1. 68 =©s) +0s)2=(0:)r +(0n)2 = 6EI El
__aof
=121 ( )
ﬂ;iriﬁﬂﬂh
o / 2 ﬁ"J]
iy, ==
{ H%i? ! _'-{J
1.""".“]| E_-_-_E
6-4(a) (1)
BRI 1 )}
_ _ 2 gl 2 2L 2
2. Wa = (Wa)o H(Wa)e =[ - o T - T LT T 3R
sl 4]
) __7qf X
2EI =3g4E1(1)
7“;1': q g
_ . y 1111#‘”
?Jﬂﬂﬂﬂ: st hf\f%
6-4(a) (2)
(b)
a2

2 GDE (21
3E| 16E|

1. 08 =@s)1 + (0s)s = -
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. Wa

3

=S )
12EI
4L 21y
B _ 2 _a’ |, (ah(2h?
= (Wa)i +(Wa)2 + (Wa)s = 3EI ! 8E|+ 16 El !
_ _5q°
=g )
W b= by gl
[ gy

|:_|'|r:
M / (W =Bl
! i

g
11t
{wks
(b-2 (b=3)
6-4(b)
El
- O X e
W(X)_24EI(I 21X + X)
(A) (D) ,
0 £l -
VoS
wl

=1 =1
=1 =1

() ' (D)
6-5
d w -. M d M = q
dx’ El dx
d w
El T =
dx q
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w(x) = 2X(F - 21% + ¥)

24E|
X 4 ,
dw_ _a
dX = 24El (b)
(b) (a) ,
_ 9 _
q= i const
, (A)
, (A)
6'6 L]
(A) ;
(B) : ;
(C) : ;
(D) ,
|‘“| [F,.
i il
[ —-
LI haysiy
2 h 2
4 s', ="
6-6
(B)
6-7 , F =1 6kN, d=32mm, E = 200GPa
[ w] =0.05mm,
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48 246 -

6-7

pra(lz 2 bz)

W= BIEN
_ 1.6x 10°x 0.246x 0.048x (294° - 48" - 246°)x 10° x 64
- 6x (246 +48)x 10 ° x 200x 10°x 2'x 10"
= 2.46x% 10°m = 0. 0246mm < [w],
6-8 , W=
20kN, E=200GPa, B B]=0.5
# 4 = =B o ki
}E i i
2000 — 1000 .,HI
6-8
oo Sl Yyl 1
_ 20000x 1x 2x 64 180
3x 200x 10° x t d' Tt
<05
d> 0.1117m, d = 112mm
6-9
q=10kN m, | = 4m, [o] = 100M Pa, [ w] =¥ 1000, E=
200GPa

FEETRRRNNN.

)

6-9
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Mnax _ 10000 x 4

_ -4 3
0] ~ 8x 100x 100 _ 2*10m

W: 2

a = %2 100cm’

No .16a . W.=108.3cm’

_ 5q* <
384El.~ 1000

5x 10000x 4° x 1000
384x 200x 10’

Wm ax

= 0.41667 % 10*m'

. =

N

Iz =

= 2083. 3cm’

N |

No. 22a , ., =2393. 9cm’
No. 22a
6 '10 7

()

Ba = Ba) + (x)2 =
Mol M |

- + —. =
3EI 6ElI 4

|
o

oo|§

Fra = Fre = ——— — = — ——

(a-3) (a4)
(b)

L{ s Frap __G{_qs}_
E|MI+2!I 312 =0
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48Ma + 24|Fra = Q|2 (1)
ws =0
A ey, Brap _q[ _IH -

EIL 21 31 41 2
192Ma + 641Fra = g’ (2)
(1) (2)
_ 5 o
Ma = 192C]|
Fra = 'o’iqu
(b-2) (b-3)
A . B
N 2
[ |
A 'y g
/ L
b

-
,11.( <14
P-It-u'
(b-1)
{a-2) 3
Fo Fol 13 gl
1
TSI M
2 2N
J
L
{a-3) o 327
-2)
_Sqf° o5l
192 \}\ =
. -
NG
M g Tpozsagl
48
(b-3)
610 (b)
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6 61
" 6-11 AB BC B ,AC ,
El, F =40kN, q=20kN m
Fp
i
EEEERE -
T i) Iil: Fo kN

1 2 ol
4 - - 71.25 0.4375m
- m ——T | T | |
) | 3.5625m x
: q F, L ORTS ©

AN, 75
(L,
F, s
W, r RBA -\\ e 125 115
4 VIR RS ]:.'\:
- m - =) - &
& Ll C ¥
F |'FI' I l 1.914
B ) W
(s e MiKN-m)
Fr ()
[a)
6-11
(WB)I = (WB)z
\ ax 44 Fxx 43
(W) =-"g5 - 3E
_ E(@) ) Ex 4
(WB)Z = 6 El (3X 4 2) + 3El
2 s Fex 4 O 4
3 Fxx 4 = —6 x 10 5
_ §[4o>< 10 20x 4“] _
Fr = >l ox 7 ax &) - 8. 75kN
Fra= 20% 4 - 8.75 = 71. 25kN(1 )
Ma = 8 75x 4 - 20x %x 4 = - 125kN- m( )
Frc = 40 + 8.75 = 48. 75kN(1 )
Mc = - 40x 2 - 8.75x 4 = - 115kN- m( )
(b) (o
" 6-12 AB CD ) ,B C
% =1.2mm , E=105GPa, g= 30kN m,

A D
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i
50

— %E

400

Fy,
g=30kM/m

_*.;f,( Jr
A4 7"

we - W = & =1.2

" = - F(250)" x 10" . " (950
3x 105x 10’ x 20x. 90
12
We = - 30x 40(;“0x = F(400)° x é?;x —
8x 105x 10° x =, 3 105x 10° x ST
= - 1.755+0.39F
(2) (3) (1)
0.4853F = 0. 555
F = 1.144kN
cD
Fro = F = 1.144kN(1 )
Mo = 1.144x 250 = 286N- m( )
AB
Fra = 30x 400x 10° - 1.144 = 10. 856kN(1 )
M. = 1 144x 400 - %x 30x 400° x 10°° = - 1942N- m
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-------------------------------------------------- o7

ik

7-1 ,
1- 1
2
LI.nMPa
) A [l 'I_ I
/ .l'll'.". ) ! .":l_d
—_— 5 f—
ST AMPa
() (b}
7-1
(a) )
5215
Ty =—2= 2' 1'6$in[2>< (-15°)] + PO ey

0- cos[2x (- 15)] = 0.6MPa

G oAt (-16), -4-(-18), IERAI =

2 2 . 15
cos[2x (- 15)] +0 = - 3.84MPa -—IM
(b1} v
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(b)
T«y = - 1 25c08[2x (- 15°)] =- 1.08MPa
ox =- (-1 25)sin[2x (- 15°)] = - 0. 625MPa
7-2 , ,
1MPa
1 MPa
e Y- ENS I ¥ [
:fjc)’ IR T | ampa
f_.f" -~ }__:.5"'{:‘”4_"\_":“ ".’K [].S!\-‘IF‘I:].
5 1 \rrr- /-6
Y
¥
o'
72
Ty :%"—nsin[zx (- 60°)] +0.5- cos[2x ( - 60°)]
= - 1. 55MPa
[t 4y | =1 55M Pa> 1M Pa,
7-3 : AC (
Ox T xy A
- 100= =100, 0 (0: = 100) o 6
2 2 =
0.7%0x= - 25 T,
ox= - 33.3MPa 8 A
T, = &=L 332'3 ~101gn(2x 60°) = 57.7MPa S
Toy = - Ty = - 57.7MPa o
7-4 AC 14MPa ,
Ox T xy
cosxn = 2cosa - 1

0.7 2
2> [ 7 +0.72] -1
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7 65

=-0.342

sinZx = 2sincosy
1 0.7
= 2 X
N +07 1P+07

=0.94

(0x +92;14) - 14 (- 14) - (o +292+14) - 14 (- 0.342) = 92

0x =37. 97MPa
(- 14) - (37.97 + 92 + 14) _ 0

Ty = > .94 = - 74.25MPa
Tol 140MPa
= -
Ty
2408 Pa
o
7-4 75
7_5 , T max <160M Pa,
Txy
;1. r> OC( )
%x J(240 - 140)° + 4%y > w
[t | > 183. 3MPa (1)
(0}
{ P20+ 140, 1. 1540 - 140) + 4l
. 2 2
Tom = & é@ = %x [100° + 4%, < 160M Pa
[t | <152M Pa (2)
(1) (2)
2. r<OC
2% (220 - 190y + 4y > 240%“‘)

[T« | <183. 3MPa
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{ol - L’Z’l“o 4 % J(240 - 140)" + 4%,
oz =0
Tr = B0 = %’ +% J100° + 4% < 160MPa
[Tx | <120MPa, , |t ] <120MPa
7-6 300mm 8mm 20°
Fr = 250kN;
p=>5. 0M Pa( );
Fr = 250kN p=5. OMPa( )
[ 3
F.
) .r\'\ 2W* i hﬁ A
Ve (2015,
o\ 1

L _\];?H-/ y IIII

7 l A . S—— II —
st | | /D/ c? /"b'/ =
| / "“--lL_____../

{a) (b}
7-6
1. (a): 0x=nF55 == %383 _”;;x £ =34.07MPa( )
o == 3‘2‘ 07, = 3‘2" 07 cos(2x 20°) = - 30. 09M Pa
Oxy =%‘073in(2x 20°) = - 10. 95M Pa
2. (b):o,=bP=> 308} _ 45 g3y pa
oF%ﬁL(imT'Bl:gl. 25MPa
. =‘%91'25+ ‘%M’oos(zx 20°) = 50. 97M Pa
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Ty :Mégl'%sin(% 20°) = - 14.66MPa
3. (a) (b)
0x=45.63 - 34.07=11. 56M Pa
oy =91. 25M Pa
o, = . 56;91. 25, 11.56 : 91.25 5(2x 20°) = 20, 88M Pa
Tay =%’s‘n(2x 20) = - 25.6MPa
7-7 p=
3.5M Pa, E=75GPay =0.33
T :;q' A g
BT I I R B B A
1 =254 -
j. p=3.5MPa L
__|+1++++++l__ £k
1F
7-7
_ 3.5x (254x 2+7.6) _
Om = Ax 7.6 = 59. 36M Pa
_ 3.5% (254x 2+7.6) _
O = ox 7.6 = 118. 72MPa
g = a(r+Ar) - nr _Ar
ar r
Ar=gc. r= lE[o‘ -v(on +o )]
1
= ——3(118.72 - 0.33x 59.36) x 254 = 0.34mm
75x 10° ¢ )
7-8
1.
ox = 45MPa, oy, = 135MPa, 0. =0, 1Tx = 0, [o] = 160MPa
2.
ox = 20MPa, oy =- 25MPa, 0. = 30MPa, t1x =0, J[o] = 30MPa
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1. 0s =0: -0s = 135MPa< [0],
2. on =01 =30MPa=[0],

Tl
o i
i1
-"5-: T'rr * -
7-8 7-9
7-9 ,
1. ox =40MPa, oy =40M Pa, T = 60M Pa;
2. 0x=60MPa, o, = - 80MPa, T = - 40MPa;
3. 0x= - 40MPa, oy =50MPa, T = 0;
4. O« =0, Oy =0, Txw =45MPa

2
1, o:“*—;"yi ]{‘%} +12%, = 40+ 60MPa

o: = 100MPa, 0. =0, o0s= - 20MPa
Os =01.-0s.= 120MPa

Ou = j%(looz +20° +120°) =111. 4MPa

_0x +0y ]
2 2

0 =70.6MPa, 02=0, o0s= -90.6MPa
Os =0: -03 = 161. 2MPa

Ou = j%(m. 6 +90.6 +161.2°) = 139. 8MPa

3.00=50MPa, 0:=0, 0s= -40MPa
o =90M Pa

Ou = f%(soz +40° +90°) =78. IMPa
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2
m} +1% = - 10+ J{70° + 40° MPa

=1)



4., o=+ 45MPa
0. =45MPa, 0:=0, 03 = -45MPa
os =90M Pa

Ou = f%(452 +45 +90°) =77. 9MPa(G« = \3t » = 77. 9M Pa)
7-10 [0] = 120MPa,

‘_E | f A
E 9 SO0M - m
E‘ 375Mem
S m
T= :'ErJ'H =m 'r ra B A
M.
(bl
7-10
T=Fer
F = TT = 5000N
(a)
Fay = Foy = %Fp = 2500N
B( b):

500N- m
M: = Foy x 0.15 = 375N- m

S
1

O =

SIVERVy.

W <

T T 500
32 4375 + 500 < 120x 10°
nd
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d= 0. 037575m
d=37.6mm
7-11 d=32mm,

vl

A

'LE"'""'.,--""
2 e 4
-/ I
y
J50M-m -I'II:',rf
T H\_ () ib)
7-11
* My«=350N- m, M, = -3x15= -45N- m
1. a
M __ -4
O =W T T 3 o = - 13.99MPa
32
_ M« _ 30  _
T = o\ T 32 o = 54. 40M Pa
16
Gs = &+ &5 = 109. 7MPa
G: = &+ &5 = 95 26MPa
()
2. b
o» =0, Tb = M, = 54. 40M Pa
b = y b = Wp = .
0s = 2[» = 108.8MPa
Ou = {3rb = 94. 22MPa
b (b)
7-12 AB d =40mm ,
a b ] O

1. Fvn = - BkN, Foy= - 400N
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M. = (1000 + 600)x 0. 150=240N- m
M. = - (1000 - 600)x 0.275= - 110N- m

3
L= M -5x 10 110 - 13.53MPa
A W: Ttx 40 % 106 x40 % 109
4 32
M. _
ra—Wp—19.lMPa
0w = 0% +312= 413.53 +3x 19. 12 =35. 74MPa
a (a)
3
Lge=to . —2x10 3 g79MPa
A x40 6
— x 10
4
_ M« 4 Foy
T Ew T3 A
_ 240 4 400
T x40 L T3 x4l ‘6
T L x 1o
=19. 52MPa
Ouw = {0» + 315 = 34.0MPa
b (b)
| P
HOOM 000N

7-12
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8-1

(A)
(B)
(C)
(D)

8-2

(©)
(©)

(&) (b) (c) (d)
FPmax

()

8-2

(A) FPmax(a) = Frma (C) < Femax (b) = Femax (d),
(B) Femax (a) = Frmax (C) = Femax (b) = Femax (d),
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T’ Ed
Feer =2%x Feo = 8|2
(b) y =2
_mEl, ©E nd 1w Ed
FPcr - 2 - 2 " 2 - v
(V1)) 4| 64 128|
(¢ z =2

64

. | _TEL: _TE [ﬂ_ﬂ% [Ea]z]:lﬂ(dz +4d)

: 2
A a
Ml 5 =2 > =1x |, lbu=1
Fo-TE _mE , nd _TEd
T w? 1? 64 32F
(a)(b)(c)(d) (b) y
3 3 9 4 -12
_mEd _m’x 200x 10" x 20°x 10" _
P = 128F 128x 3 = 81N
b |
A
|I.F LF v F
C T~ 1 = T
[ 1 _.I |'l i ! Fl n
: I |'- .;I 2
5 _."I | |
b ."lI
/ L] a) ib) ie) (d)
’~
8-9
8-10 AB d =40mm, | =800mm
, Q235
Fe = 70kN, AB [n]« =
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2.0,

No. 18 ,[0] = 160MPa,

8-10

. C B D

F Fu
=10mm
_ bl _ 1x 800 _
A= ;T 10 =80 < Ap,
Or=304-1.14\ =304 - 1.14x 80
= 212. 8MPa
Faser = O+ A = Ocr - ]%

212.8x T x (40x 10°)?KkN
4

0.2674MN = 267.4kN
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(a)
(1)



Fea = %x 267. 4kN = 118kN

2.
70kN
(1), Fas :%Fp =158. 7kN
_267.4 _
n = 158 7 = 1.685 < [N]«,
3. No. 18 , [0] = 160MPa,
[0] = 160MPa CD , AB
CD :
Mmax = MB = 03FP,
Fv = Fasco® = %COB' F»
Fo = F
_ M R
Onar = "\ + A < [o]
3
—coB- P
0.3 2 6
— + — < 160x 10
185x 10°°  30.6x 10"
F < 73.5kN < Fe« = 118kN
, 73. 5kN
8-11 | =50mm, d=6mm 40Cr ,
= -60 \ , ,

o =125x 10°°%
& =75x 10" % 40Cr 0. = 600MPa, E = 210GPa

[N+ =2.0,
\ t =60 ,

- { -

7. 1 i B

e 77 i/

/ iy o N iy

Z Z
8-11
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,a>a Fy

@ (b - )1 -y = (b - )]

Fv = (00 -0:2)(k - &) EA

ZTZ E _ jz.[zx 210>< 109 B
j - 600 = 83

2
Fee =0 A = T[)\—ZEA

n = Fea = T[z EA
Foo A% (on - ae) (b - &) EA
T[Z
_1002X0,5x 10.5X120—l.65<[n]51_2
8-12 ,AB , d=gomm.  BC
- as7omm, Q235 , E=200GPa
A ,B C |:3m1
[n]st :25
- .5/ R
= v o,
——
e
i
8-12
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AB :pupu=0.7, i:Zd:ZOmm

_bl_0.7x1.5x 3 _
A== S 1575

BC :u=1
. [d _B__B,
= j;— 1266—6a—6><70—20.2mm
_bl__1x3
A= : —0'0202—148.5
2.
2 9 T 2 -6
AB : Fru=0w A='L EA_T” il ¥\ el = 400kN
Coe T A2 157. 5°
. _ M EA _m’x 200x 10°x 70°x 10°° _
BC : Feer =0« A= 2 - 148, 5 =438. 6kN
Feer = 400k N
_ _Fra . _Fea 400 _
[n]s‘—[Fp], [FP]_[F]st_Z.S_lGOkN
8'13 i)
d=40mm, a= 1m Q235 L E=
200GPa,[ n]« =1.8
1. :
2. Fe 1 ,
, ?
: 8-13
1. (1)
_ _ _ _ 42
FAB -_ FAD -_ FBC -_ FCD -_ 2 FP( )
Foe = FP( )
(2) BC,

Fo = Feoo = [0] A = 160% 1C° x T% = 160 %x 40° = 201kN

AB |
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|
yo= B2 121000 400 <, = 101
i 40
4
Faea = (a- B)A = (304 - 1 14x 100) x "Zx 40" x 10°°
= 0.2387MN = 238.7kN
Fro = V2Faser = {2x 238.7kN = 337. 6kN
_ P« _ 337.6 _
[Fel = . - 18 - 187. 6kN
2 Fe ,
N
FAB—FAD—FBC—FCD— 2FP( )
Feo = FP( )
BD ,
| _ 1x J2x 1000
A= B o L d2x 1000 _ 449 4 5, = 100
i 10
FPCT FBDCI’
F =
[F] [n« ~ [n]«
_ Osocr A _ 1 T[2 E i -6 _
TR T T Gl 40° x 10° = 68. 9kN
_ 1 T[sE 1 > .6
T84 < g 010
= 68.9x 10°MN = 68. 9kN
8-14 , Q235 , E = 200GPa, 0: =
240M Pa g= 24kN/ m 63mmx 63mm x
5mm ( )

Mo l6a

T
J I A ¥ I

[ T R
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No. 16al: I. = 1130cm’,W. = 141lcm
2No0.63x 63x 5. A = 2x 6.143 = 12.286cn’

iy = 1.94cm
l, = 2x 23.17 = 46. 34cm’
2. , :
5 AP _ Al
384El, 48El, 2EA
5d° AP o_ L
384 48 2A "
_ 5q° _ 5x 24x 10° x 4
o= E 1. [42 1130x 10°°
. 2z = 4
384{ 28 " ZAJ 384 48 " 2x 12.286% 10°
3. :Z Fy = 0,2F. + Fv = 4q

Fo = Fa = (4x 24-59.18) 2=18.41kN(t )

(1)

Mc = Fax 2 —%qx 2% = 18.41x 2 - L x 24x 4 = - 11.18KkN- m

2

Fo = Fa- gx = 0, 18.41 - 24x = 0,

M = 18.41% 0. 767 - %x 24% 0.767° = 7.0625kN- m

|'M |max =| Mc | = 11.18kN- m

S - Mlmalel.lsx 103
e W, 141x 10°°

5, = TE _mx 200x 10°MPa _
TN 103

F« =0« A= 186x 10" x 12.286x 10 ‘N = 228.5kN

_ Few _ 228.5 _

" 8-15 t =20
|=6m, Q235 , E=200GPa
( a=12.5x 107 )
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X = 0.767m

=79.29MPa
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v
BE: _
Mo 208
i
8-15
No. 20al imn =2.12cm
_ul _ 05x 600 _
A = i = > 12 = 141.5,
2
Ocr :T;\ZE
At
o = 0EAt = o«
2
O(EAt:T;\ZE
_mE _n’ _ ’ _
At‘aaz T aA?  125% 10°x 141.5 39.43
39. 43
A =142,
2 2
w E
At= —>
aR\’

Tt
= - = 39.16
12.5x 10 ° x 142
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-------------------------------------------------- 9

ik

9-1 F y emax,
M (F); M, Winax V(M)

£ L
(A) M (F)+\ (M); - - 77‘;}L

(B) M (F) +M (M) + M ; . % iR % |
(C) M (F) +\V (M) + Fithnac ;
(D)V(F)+\A(M)+%(I\/B+F\Azm) 9-1
A
(A) , F :
Vi (F) :%FWF
Mo, , " -

%MGM =\ (M)

" B _,.-"'fﬂmu
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9-2

02 =03 =(

2

F

F M , F M
VL (F, M) = Vi (F) + V. (M)
, Fld

),
;

ARRIRRRARIR
ARRLEARERER

9-2

q 2 ( (a)

A(@) - =exl = lq-v(g+ @]l = 22l (
A(q)
_1-2
(9 = 2 Fl

q ,

I , gds dr :Iqs drds = q(AV)

@V(F) = (g =+ Fg

-

AV(F) = L =
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01 =

(1)

(2)
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9'3 (a) 1
El
(A) (b) , ;
(B) (b) , ;
(9] (c) , ;
(D) (c) :
(A)
.'1.]‘({ £ B
(@) 77%7 ‘
I [ R
| |
4 Ivl B
[
(b) 77%7 e
4 ) B
te) 7*%7 |ﬁ: 4
9-3
: M
M AC CB , ,
2
9-4 M M
, Pe Mei Aoi Meci ,

."‘.”1 4"‘.“:- .']’n .'.”:: I .'1-f,| = ILT:!
1("(_'1{ ¥ o T O F T I X
L | Iyl |

My MY : 1 : : : Y :
! | M e |
Al ¥ ¥ X TR T b x
|ﬁ(-| .'ﬁ| = -'f_;;| -'r_sﬂ H‘F.“
rl ! i il
{A) (B) i) (o
9-4
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(B) : ,
;. (C) (D) : .
] (A) ]
(A)
9-5 M M
Ay -'!:11
/ I\/ I{I e -"J 1
M : : -
/ 3 G _ _.1_{‘_51 x
iy A Vo = M ﬁ:" 'ﬁl'l
(Al (B} () (D)
9-5
(A) (B) (D) , ,
(C) ,
(©)
9-6 FMql El ,
A ; B

(a) wa =é(apnl + v Ao +M03 As)

:é[%" [%FI- I]+EI(FI- I)+§I[%FI- I]]:%LE'TU)

eB:E[ Ma (Ao + Aoz + An)] = - él[%[%Fl- l 2+ Fl |H
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Er
£ ( )
=L Ao Me Ao
—EI('M01 1 - @ 2)
__;H_L L].[L ] [_'. ;][; ”__MF
eill2 3) [2M A2 B 2M )= - g
1 . _ 11 1 2, 1
EI(M’ClAnl"'MczAzz)— - EI[GX Zx M|+3X 2>< Ml]
5MI
= - ( )
12EI M“\I y o
r B

S
(k) & '

El
p .
() A A ﬁ? iby)

|:3|:|

=

; ’ 1
Cia [ V x (ba} l
AN A
1

M
I':; A Me
(@) ZT7 g fzﬁ%f
e
(b}
- 1
X 3

(a5

%f ihyl a

M
s | -
{ag) ;#_ ig My

My,

(C) Wa

3

9-6(a) 9-6(b)

:é(Zm Aor +Ao Mc)

Ll, [g_ _IH;_ af _I]+[%. L

T El 8 4Jl3 8 2 4
_29g|4(l)
= 384E|
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_1 M
Bs = EI(

2

-4 %

chAo +Ma Aas)
I3 SR E TR

-"_ul -’_Tu ='1_LJ: |
Cropee ol kS
{Cz} L
u ¥

]
(25} % 8 %

(€.} M. i
YoM Mo g

[1EN

S E
=

— | _ l \I 3
My, ]

o

[[]

i

9-6(c)
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9
_1 _ 1
(d) wa = EI(MQ Aor + @ Az - Ao Me) = EI_('ZMu A1 - Ao Mc)
2 (3% 2 2] {3 o[ o] -3
=al2 138l 3 20F- 21| - 5 qf o b Al =550)
Be :é(MclAll'FMQA)Z"'MCAQ)
A 5[5 0r o) (3 e ) (22
=al 2% 3 29F- 4l -1x 3 2q|2 | 2q2 o L4l
T
2EI
g ]
HEEEEEREREREF EERERERERERERF
@ | A A 7,%, @ | A A
N 2T Sl | AT
q q
“ BEEEERRR @ BEEEERER
! 755""*/ 1 7}%7 %
A | 1."':;?': ’
Agyy Agyn Ag C
ing ) e el i {d?} ] X
M 2qP° M 2q0°
q q i i
(d) 117 | (dy) 1 119
al* M, < ar " %!,,
j./ N - E o7
(dy) J £y MG, %
M i M
1 3 |
@w @ A S
B A -
C Ag
, g Ao ¥
(dg) \_J\»J"/ (d;) M, C LL{II
Moy 1Y M \
M Aq 7]
9-6(d) (1) 9-6(d) (2)
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10-1 No. 20a ,
1.8m' s 0.6m s, [=6m,b=1m

0.2s

|

EERERENNERR

yIEE T Jm fm Im

M, M,

.- { .P.hq.. M,
10-1 10-1
: No. 20a p =22 63kg m
_06-18_ 2
a= 0 2 =-6ns
g =pg(t)
¢ =pa(t )( T)

qa=ag +a =p(g+ a)
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Mc = Mnax = - X 4% 2+ gx %x3:qx4:43(g+a)

= 4x 22.63(9.8+6) = 1430N- m

_ _Mce _ 1430 _
Od max = Wmin - 242)( 106 - 59 1MPa
10-2 AB
0, 300mm w :0 =30mm,
a=1000mm, e= 300mm; d=120mm,w=40rad s; p=
7.8x 10°kg m’ ( .
(-m, )
D00 _
)
| Ead]
L -"-ﬁ
- oa,
10-2
F|=men2=p-%26 &’
Fa = Fs = %
C ’
Mo = Faa = %Fla
a Tt 2 2
- —p - o
_ Mdmax _ 2 4p _
Od max = W - ]ﬁ - 672M Pa.
32
10-3 m

hl
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L]

10
F,
kil 30
N a -
AN -
n y '{,,.«F" 4 /
Y 30
) A B
al =1 i N
"
o O = (1%
s
g 1 s
- ! - b I
10-3 10-3
T
, w=0, &
F = mdo

ZFX=0

mgsind® - ma = 0, & = _Zg
Z Ma(F) =0
- mg- EI + F.cos30° - —2 + Rsin3C- —; + Fscos30-
F|=%mg )

_ mg i
Fo = 4|(J§| h)

ZFn=0

Fa + F& - mgcos30® = 0
Fa = %?(Jél + h)

10-4 ,
n=3000r min, | =250mm,

R=600mm
A, p=7.8x 10°kg m’,

R+ |

R 1 CPAdX X
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(1)

(2)

(3)
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FI R+ |
Onex =~ j’ ) pw’ xd X

085
Xd X
0.6 pw d

oW’ %(o. 85 - 0.6°)

3 M]z 1 2 2
7.8x 10° x [ 50 | * 2(0.85 -0.6)
7.8x 10° x (100t)? x 0.18125
140x 10° Pa

140M Pa( )

o
——-

i e
o o "
&'I} ) £l
III.-._ ¥ |Ilﬁ | < J 'a
L u [ T '\'\-h._
10-4 10-4
10-5 : wW C A ( )
, v, AB
I E, I W
EI WV
%mv2+mg[—£ +Ad]=%PdAd _"':_':
1 [_I ] _ 1 . ‘ 5
+ + st - st
g M+ mg G Kb | = o moAs G T2
Aa Ki - 20« Ka - (\; +gqgl) =0 IS T IS B |
10-5
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AVY, A
_ mgl’
B = U8l
_mgl j 48EI(\f+gl)}
¢ awl Tt YT gy
10-6 W = 50kN , T
v=1.6m s - ”E\ .
. i
240m A =1000mm’
; ( ) -
, Dt
1, w !
5 K, 29\/2 [t]
: %mi
10-6
4 2 2y _ W, ) _ W
S k@i - AL = 20" * W(As - As), k= 1
Ao =Aua| 1+ v Aig}
AV 1
Ko = Ast =1+v Astg
Wl 50x 10° x 240 _
Bt = EA T 210x 10° x 1000x 10° . O 0°7im
O0= KiGst = |1 + vV lJVKV

Ast g

- / 1 x —50x 10° _ _ 1eoMps
[“1'6)( 0.0571x 9.8J 1000x 10°°
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10-7 B
1. (a) , ,
2. (b) :
7 L. T o
4 7 {
I B b o g I
F, F,
(a) ()
10-7
1. B ,
Omax = Gmin, r = Oﬂ = 1
O max
2. B ,
Omax = - omin, r = CM = - 1
O max
10-8 B
1. (a) ,
m
2. (b) , AC
() ; :
a
4. (d) ( ) :
1. ) ;
Omax = - Gmin, r = (M - - 1
O max
2. AC , B
Omax = QOmin
r = Omin — 1
Omax
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L] 'S
.y , .4JT| i

O max ,

S
e

(ch {d)

10-8

Omin f

Omax _6+a
O min 6'a

Omin _6'a

r = =
Omax o+ a

Omax - 0, Omin P 0

r = Omin — 0
Gmax
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Presently my soul grew stronger; hesitating then no longer,

"Sir," said I, "or Madam, truly your forgiveness | implore;

But the fact is | was napping, and so gently you came rapping,

And so faintly you came tapping, tapping at my chamber door,

That | scarce was sure | heard you"--here | opened wide the door;
Darkness there, and nothing more.

Deep into that: darkness peering, long | stood there wondering, fearing

Doubting, dreaming dreams no mortal ever dared to dream before;

But the silence was unbroken, and the darkness gave no token,

And the only word there spoken was the whispered word, "Lenore!"

This | whispered, and an echo murmured back the word, " Lenore! "
Merely this, and nothing more.

Then into the chamber turning, all my soul within me burning,
Soon | heard again a tapping somewhat louder than before.
"Surely," said I, "surely that is something at my window lattice;
Let me see, then, what thereat is, and this mystery explore-
Let my heart be still a moment and this mystery explore;

'Tis the wind, and nothing more!

Open here | flung the shutter, when, with many a flirt and flutter.

In there stepped a stately raven of the saintly days of yore;

Not the least obeisance made he; not an instant stopped or stayed he;

But, with mien of lord or lady, perched above my chamber door-

Perched upon a bust of Pallas(2) just above my chamber door-
Perched, and sat, and nothing more.

Then this ebony bird beguiling my sad fancy into smiling,

By the grave and stern decorum of the countenance it wore,

"Though thy crest be shorn and shaven, thou," | said, "art sure no craven,

Ghastly grim and ancient raven wandering from the Nightly shore-

Tell me what thy lordly name is on the Night ' s Plutonian shore! (3) "
Quoth the raven, "Nevermore. "

Much | marveled this ungainly fowl to hear discourse so plainly,

Though its answer little meaning-little relevancy hore;

For we cannot help agreeing that no sublunary being (4)

Ever yet was blessed with seeing bird above his chamber door-

Bird or beast upon the sculptured bust above | us chamber door,
With such mime as "Nevermore.

But the raven, sitting lonely on the placid bust, spoke only

That one word, as if his soul in that ill~ word he did outpour.

Nothing farther then he uttered-not a feather then he fluttered-

Till I scarcely more than muttered, "Other friends have flown before-

On the morrow he will leave me, as my hopes have flown before. "
Quoth the raven, "Nevermore. "

Wondering at the stiliness broken by reply so aptly spoken,

"Doubtless," said I, "what it utters is its only stock and store(5),"

Caught from some unhappy master whom unmerciful Disaster

Followed fast and followed fastel-so, when Hope he would adjure,

Stern Despair returned, instead of the sweet Hope he dared adjure-
That sad answer, "Nevermore!"

But the raven still beguiling all my sad soul into smiling,

Straight | wheeled a cushioned seat in front of bird, and bust, and door;

Then upon the velvet sinking, | betook myself to linking

Fancy unto fancy, thinking what this ominous bird of yore-

What this grim, ungainly, ghastly, gaunt, and ominous bird of yore
Meant in croaking "Nevermore. "

This | sat engaged in guessing, but no syllable expressing

To the fowl whose fiery eyes now burned into my bosom's core;

This and more | sat divining, with my head at ease reclining

On the cushion's velvet lining that the lamplight gloated o'er,

But whose velvet violet lining with the lamplight gloating o'er,
She shall press, ah, nevermore!

Then, methought, the air grew denser, perfumed from an unseen censer
Swung by angels whose faint foot-falls tinkled on the tufted floor.

"Wretch," | cried, "thy God hath lent thee-by these angels Eed@tﬂ Eeﬂtﬂrﬁ% 00000000000 O wwwkhdaw.com
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WHEN YOU ARE OLD (W.B.Yents)

WHEN YOU ARE OLD AND GREY AND FULL OF SEELP
AND NOODING BY THE FIRE TAKE DOWN THIS BOOK
AND SLOWLY READ AND DREAM OF THE SOFT LOOK
YOUR EYES HAD ONCE  AND OF THEIR SHADOWS DEEP
HOW MANY LOVED YOUR MONMENTS OF GLAD GRACE
AND LOVED YOUR BEAUTY WITH LOVE FALSE OR TRUE
BUT ONE MAN LOVED THE PILGRIM SOUL IN YOU

AND LOVED THE SORROWS OF YOUR CHANGING FACE
AND BEDING DOWN BESIDE THE GLOWING BARS
MURMUR A LITTLE SADLY HOW LOVE FIED

AND PACED UPON THE MOUNTAINS OVERHEAD

AND HID HIS FACE AMID A CROWD OF STARS
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11-1
- L
Fna + Fvo = Fe (1)
Ala=Al (2)
_ Fual
Al = (3)
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=
Al = —= 4
" 7 Evbh (4)
(3) (4) (2)
Ea _ Fw
E. E» (5)
(1) (5) ,
Es
Fua Ea+Epr, Fro Ea+EFp
. = e - _ B _Fe _Fw _ _ B Fe
" ph T E.+E b’ ° bh E+B5E bh
2.
(3)
AL = Fval Fl
7 Esbh T (B + B)bh
E
_ Bl
AI_EC(th)
AleIa,
B+ B
EN= 2
3.
Fna > Fo, \ C G )
ZMK(F):O, FNa%'FNb%'FRHaZO
_FhE - E Fo = F _FhE. - E
T daE+E T TN T 2aE+E
11-2 / 2.5kg 5kg

E =85GPa, pr = 2500kg m’*,
En = 5GPa, pn = 1200kg m’
E E

V=22, -3 _(os17m

= 2500 T 1200
2.5
2500
Vi = go e = 0.1934
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_ En E _ 5x 85 _
&= VE +(1-V)E ~ 0.1934x 5+ (1 - 0.1934) x g5 ~ 0-11GPa

Ex = EVi + Bn(1 - Vi) = 85x 0.1934 + 5x (1 - 0.1934) = 20. 47GPa
11-3 ;
Oms = 20M Pa, Omb = 50M Pa, €ms = 0.145,&m =
0. 30; o =2000M Pa, en =0.15
1300M Pa ,
Ocb_- Oms -
Vi = Gb - Oms ;888 - ;8 = K%
11-4 , Oms = 35M Pa,
Om = 65MPa, €ms =0.15,em = 0. 40;
on = 1860MPa, €n = 0. 155 ,

Omb_ - Oms - 65 - 35
Ob - Oms 1860 = 35

Vfcr = = 1 64%

Ocb = Ofb Vfcr +0ms(1 = Vfcr)
= 1860 x 1.64% + 35x (1 - 0.0164) = 64.93MPa
11-5 , Oo ,

o(t) = O'OEXF{ - )\—tJ
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O - kg
o n
-il
oc=0C en
:t=0 0=00,
C =00
O =0o0- €en
O =0o- e%
n
A=
k
11-6 , 0o = 10M Pa
0.5, ,50 5M Pa
, 50
€ _1d_ o _
dt = kdtTnq ° O
11-5 ,
o(t) =0o- e’ = 106’
. t=50( ) , 10M Pa 5M Pa
5=10 er = 10e*
_ 50
A= I n2
-'LInZ NES
o(t) = 10- e»™ = 10x 2’2MPa
t
t=100( ),
0(100) = 10x 2% = 2.5MPa
, 50 ( 100 ), 2. 5MPa
11-7
D= 300mm, d=10mm,
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(a) : V(1) , v(1)=0.4

£ (X102

1iE
l.-' i i i i i
1010 108 1e 108 10e 107 108

03 L0 1.5 2.0 2.5 3.0

ts e{=10-2)
(a) ()
11-7
t= 365x 3600x 24=3.15x 10’ (s), € =1%
Om —_-'%D, O't:'%), O-m:%o-l
o= 0,
1-0.
€ = _~[or -vom] = Jiot
E E
Ot = E < = E < :_EE
"T1-08% " T 1-05x04" 08"
(a)
_ 17.1MPa _
E= =5 = 85MPa
o = g_—gx 1% = 10. 7MPa
ps< %- o = 0.71MPa
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"11-8
33N , E=
3. 35G Pa, 20 11-7  (a)
1. , ;
2.
{fTil‘i'- .
| ; [ —-— Ji 3k
—_— 4
A ) 2
| [ -
-
11-8
o1 ,
we Bl o _3EL
T 3B T I°

w=2mm, E=3.35GPa, |=30mm, | = lizbh” =125mnY’, ,

F = 93N
2.
_o
, S—E, o E
o:W': 1F'°' = 193" 0 — - 55.8MPa
= ~x 12x 5
6 6
55.8 )
= = 1.67x 1
® T 3 35x 10 67> 10
Fe. = 33N y
_ M _ 33 _ -
01 = 2 0 =g x 558 =19.8MPa= 20MPa
11-7 (a) €=1.67x10°
20MPa , ,

t=501lx 10’s
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