SOLUTIONS
MANUAL

ENGINEERING
MECHANICS
of SOLIDS

OOOOOOOOOO

EGOR P. Porov






SOLUTIONS
MANUAL

ENGINEERING
MECHANICS

OOOOOOOOOO

EGOR P. Porov

PRENTICE HALL, Upper Saddle River, NJ 07458



Acquisitions Editor: Eric Svendsen

Special Projects Manager: Barbara A. Murray
Production Editor: Michele Wells

Supplement Cover Manager: Paul Gourhan
Supplement Cover Designer: PM Workshop Inc.
Manufacturing Buyer: Pat Brown

© 1999 by Prentice-Hall, Inc.
‘A Pearson Education Company
Upper Saddle River, NJ 07458

All rights reserved. No part of this book may be
reproduced, in any form or by any means,
without permission in writing from the publisher

Printed in the United States of America

10 9 87 6 5 4

ISBN 0-13-080431-2

Prentice-Hall International {(UK) Limited,London
Prentice-Hall of Australia Pty. Limited, Sydney
Prentice-Hall Canada Inc., Toronto

Prentice-Hall Hispanoamericana, S.A., Mexico
Prentice-Hall of India Private Limited, New Delhi
Prentice-Hall of Japan, Inc., Tokyo

Pearson Education Asia Pte. Ltd., Singapore

Editora Prentice-Hall do Brasil, Ltda., Rio de Janeiro



‘sz+"—1‘—-"42 )

0r -
=

- % . 1
ar @ F

I Gr
39 +

ZFo= (Tro+212dr) Gredryde +

( 6 + 22-d0) dr +(Tor 1% 4o)dr %
t Terdr - — Tard® —dpdr =0

Todrdo+2 T”r&rde + -—-— € (dr) J& +

290 yrdo + Tordrds + 4 55 (de)dr=o
TFx = (6 + ;‘* dx) dydz +
aT aTre
(Tyx + £22 dy) dxdz + R ’Jf Tt
: i }‘l’sr
(sz -+ g;c—;z- dZJ cIX'd] - * }0/
) 37
tfrdj-dz - Tyx-dx-dZ - ~ or ?L a; i? =0
“Tzx -dx-d
zx -4xdf F X 1= w ot L k
Y ﬁ 7,0f = j9.5¢ Ksi
Gv dx-dv- 3Tyx alax I 4
3 0x dx-dy-d2 + 2% dx-dy-d2 + 7 dr-dy d2 e -f_%?= 18,04 ks
+X =z=o :
-4
30x  JT P: g = i 18
P - gPRg U IV
ax | 3y 32 g,= 222 ;
R
|=2 _ a9y = 2
IR = (6 + = Jr)(r-ﬂh}d&-i- 02= ‘Z’: = £8.L Fs[
(Tor + 220 do)dr - o 2o -
i ) p 0;.. = = Zg PSC
Terdf'"f)-rda ~(%t 55 339‘;9)er0 [t
ke o _, Wajni-ﬁ(de of-ﬁ,p, a?fked 'ﬁl’cf :
d lao’ I P= A |
Gy drdo 4297 = (dr)’ 5 drdo
ydrd® 4307 drd0+ ( ")Ja‘f r = |50 x (30x (0 + 30x/2)
- o};drda.__’..’_"."! (JaJ"dr =0
. = J5o xbbo
2 & Eyr L ' :
6y + r——"+”//+ & —0- 335 /=0 = g9oo0 N




[-§

The focation of stress resultesit :
(o the centroid D

sl

(o %o
67 [30xfox £+ 30xi2% (10+3 )]

=15.91 "™ bofow the foF

¥

i

kg g

-~ . . mm>
A= 095x95+102% 95 = 172425
o _ 1 ferx95T 995 X95x (£x915+9.5) ik N
X = 27 1p2g425 1724 2% A:: joox (o5 —é—x{ogxyg = 65‘61.$‘)"”"
= 242y e 'fron- ﬁ?e_ feff side X = Lx _MS_ _ _Ix JoEx )5 x (50425)
= 2 2 5*54.5' 2 65£J,§'
Jo Ly Lo2xdS 4 95%998
“F g B WES = 35
= g e below the top o [ooleST _  3oxp5x20
25 Ikbns 20 b565E
Oy 5 xB08)
N S
=1
= :7 mrm
1-9 :
(aJ O:,,M = H+PL Sot4o
A bo
= 1.5 GPa
b
(bJ) . 70;—,\!
Axial
et __ff_""il
X=
. n A GP,‘ 7
= g pial 15RO
- Stress




[—ID / Pl:4‘:n[ h=2
a. Po=2kN P I
; . A Axia] Stress
Axiaf SkN : . (aj | Xial force . >3.07Mfa
3 _
FN’CQ | KN 1 7'&? %
*
' 38.8> Mfa
Mok
Axial Jeiii 30 Mpa 343 & 3983 Mfa
Stress oHPe | ; - ;
: ixg8
Omox = 25 MPa the lﬁlﬂ’f wire 5 b F% &
) Axiaf Force prial stress
/1= '
l?k 22,07
) YI:4M .;:.Zk“ ?
1 Eﬁ Ps=3kV 4k fa
| N 3‘(7 “J ZI'PA
Axial —__L__S[N‘ 2k ___1"3 2496
FW‘Cﬁ BkN ¥ Mpa.
1-14
R
gsmpn —— "M o=y 579
pxia] : 8 |o 0
Stress 2o Mfa |45 199 1135 ide |oas ype3is) 3o,
CoSIBI’ sltelgly sl sl 1
o = S0 MPa To ‘-'—'f—sf;nﬂ s
T . I
it ¥ . 8 | 0145 %0 1B | se 301 |31 3/57 3P
b _ 4xé g woeso| 0 Lslol-slpT 5Ty Iu.r% 0 E
A Bl c T e T 3.6 i
- é’“"':‘“q'ﬁ | RA:%:Z#I‘ l>\/>\/ab
i 0 & To
RA RQ —L 7M' s ;\,\/ -
=4 . 3
_ 240
Oh= —zgg = 2lef ki (=)
. =0, 1%
Oa — boo = Moxima, s
B = —30.3 — 0.,73, kﬂ =) {.{z M', },:s_o
3.bo -
- Oc 30.3 0.1 7 kst 2 R 0= 70', 3.70'
»umma { . .
~I= 135 .38




1-15

o= To

|5 es0|= I—%&bacoso,
|wso|= | sime |
o= 1

g=ttan 1) = §=145°

-6

0 = "';_‘ 605;9 = —AﬁSIQQCUSP

=0.20

=7 m

Setlion 0-&

Peos @z 17.3> kN

Areo = ﬁ/rps.io' = W%,S 30° -_-IIS:#?MM""
; o .

r:—E- = PN = [7.33![0 = /50 MF&

i ol _ﬂ_ e _E‘”;’ o 1P (sm3pT XD’
A 11547 1547
= gé- ‘ MPﬁ

section b-b

b 70_9
Area = 5,?0 = ;:;g. = 200 m”™
P Sm30 %0’
i~ m = ":,:,'! = 50 Mfa
. S0 (os30 ¥ [0
Eh A < zogyp :3“-6“&‘
B) _
= P S s )—v)(lo? * °
Oaa = —A—-Ca.se = -—{5;———605 (30-_“‘
=[S0 MPa
Toa-a,b-b = -A{-D—mas;w
3 = k-4
= 2 (o 30 (530"
= 84,6 MPa

3
bt = 22217 st (40°) = S0 MPa
. o0

y \< 366 MPa
:>\ /<..§0MPA

JoMPa

A 5. a7 115.47
! 7
4




1-1&

19

= bys ksi (ef.17b)

P/ _
peos
; p=235 kps P ’,;--7/._‘:—:.’,_____ 7 110"'"'
0\?5}”8 L'l \/ /’]l P
(A) section a-a i o™
- e = __ﬂf_f___ _ _& .
0.5 e "
A= Aosp = — = piiid ds Afons® Los B 58
6= P . _Pwse _ £ xcos>0" = jg s P (a3 30) (31230°)
A 0.266 0546 >ox (0
= 1744 ki Po LN . pasap
- (0§ 30°) (Sin 30"
T:—L: Psm@ = & xgin 30 [ 530 ) (Sn30)
A 0.>44 PEYT] = 4> &N
(8) 4 = el — A= 4_£ = -E—xl7} = 2¢3,53 ™
0’3 bt 6052'9 = s x i e 4—
A 053 o3 20D s
‘ - 0= —& cas 'O = MV'C 16 °
= 1944 ksi (¢17]a) A SEaE ) e
L. -
T= A jmg Cos@ = = 5/;»0-&5_)00 5 83 /7 MPa
' T =5 3%m _ Joox
73 0 casf = = 2_3 xjméccqjéa

= 151-7-) MP&\

Jection b-b

£ Ca e =
s_,_ x CoS 70 =2,54£ k{[

= 05; xS0 cvsja = b Y3 ksi

1766 £si

>/ \<'s‘;e ksi
AA e

%
A ( shear Area ) = 40 x§o = 3300 mm~
=32,x10° m
_>ofa ko
;}xfo 3.2¥ MPA




[-22

[/ !omm
/ thick
kN
45 . Z— i_%mm
7N
P 3
el TR Sl LA
3
I TI ] TR Y.
M R ) e fa
1w T =X _#xio = 906> Mfa
A 2({xfo”)
) ﬁ,r = ‘g‘ = = y2>. S MPa

=
<= P _shegx R’ ose pPa
A

T.___. PR = Jo = 185, 75‘:/@5‘7‘3)‘-/\;""3

Pl= L = 18525 _ yg yy N
4o

bx¢

Shear stress

Tension stress’ in the matekiaf -

}-23

Jox(60-20)

Moximum normal sTress :

3
x fo
S e B 175 MPa,

gear:'nj Ftress :

L - 1exT s mpa
'faf'f"e M;dJ[e PIGQ

g fd - Z0 X 20

l Ph _ _qoxtoh
t,d  >0x30
g’l@ﬂf‘ stres) -

o K

Z

dmd* #-rc-zo‘

= 205 Mfa
" for the outer plate

= 111 4 MPa

shear force 4.8

=

hojt area Fl”

=2/ ksc

tension force 4 :
material area. -#-.;5.3“ =05 ks

12472

= -??‘? W kc'F.SAn

(2

The=o >
~Fax -Fex =0

Ify=o f
~Fey +FA)¢ -l5=0
FC} = —‘;‘ XI5 -_-—[okf‘/
F,q/= XI5 S5kN
- ~Fex= Fax =jo kN
[ = -Jodz =-14 14 kN (eomp.)




bearing between pin ¢ & the clevis :

!_27 quq B S Ry
Fo=50F = 418 kN ( tension) h
' ‘ 2 A= []0O
tensile stresS in man bar AB: 1’
Oag = FA 8 ’os
BE = g M;x I.;' = 124,33 MPa L~ —A =2050
tensife stress  clevis of bar AB: Y,
'-'-r
G&) Jevis = JA_ _ 118X} -
( Gag)cevis ronts m:ﬁf? F(1/00 JC1%0)fy = 11O &N
a .

FitPs =1 2-050)(1”%00:24!-

% = Fe N ALL P Fot 2wz 9og
A " - joxrs§x2 - ) .
bearing letween pi. z ;
i A pin C ¢ the main plate : 2P 5
_ Fe _ _1¢iy’
| b)
doudle shear ;n pin C :
F. P V4= 205
oty Y zm(!',!{'; =90.23 Mfa &
J F; = /‘fO
1-28 P fr=//0KN goveras
Ared = 2xe R R =2px (152 (0% )x0.4 f
= 0035 m> 7—50 - 0.0055 m®
/‘/ ol Ll » BE
,/ 7 3fo (] g
P-'-” Jox ge3f =p38 N 2 180 K
 (ress seclion area. : dookW
TR -mr* =n U5%p3*) = /753381 pvial SohN
= 77-}%—- = 2.4 kPa
‘m:‘b-ﬂlf-fk
Stress Ll

Omax= /bo MpPa




/-3 - )
o ool Fag = 75‘-% 3 =s304 N
W ool A7
3105 90
? ESZI_’ :MA:‘O/ —._S'-F""}P:j—jplﬂ
y2)
v.00pr™" -, [ KXo 4>t N
lﬁ ! p FP=3M8.1 ¥ , P = ¢
P 0.00/>
"-"‘”‘*" Ra = J3I€J‘+7ﬂf.z* = (005§ N
Pf?"--‘i}_. pr-9o0 p+90
& 0092
. 0.00>S m* ] Rs = J w4 [T+ 84 = 7#&3 N
—
" pyo0 P+4o0 v Joo5 g
* A
ptyoo 0.003% A= ] el el 2305{ M Pa
F = 23,08 GPa
t9o0 _  ptyov W .
D,00/2 0.0035 p= 19645 b el
Tﬁt—s-: : = 20852 MPA
A 0.022X2
/32 = 21.55 GPa
b 400 ——+—e —16”""/
e
. 300 37 H,
HA l /’/
|
Ra a
M,
Ha éojoxoéoo = Japo kN
Ra = J200x -2— = )00 KN
. +'3 ZMy=o0
Ths 000 . 28,53 MPa ~Hax8 + Lxg+ Zwx3 so
2::( q‘ 3
( From the .ijlnmeﬂ;y of +he 5tra;_[are, MS“’)
/~33
{7 3 ) = —.—{.- ..(' o
ﬁ‘ '{55304,' p Hs 7 W= <_x1t =937 k
' 3
Ty = _EL_. .
T !30‘“, zx%ﬁ" -S'?7 ki

Ha=He =5 = 1375 = SxI5 = -0tk

Ra= W-—zﬁk
= 4979 ksi




Fsc= 891 43 N
Gig = Fap 4647 _ _ yyfom
Ans T(268)* -
Gge = Lo o 243 1% 9 Mpa,
Asc ?t{z-i-l .

Nibo = //4{?? = Good De:fjn

IFX =o

Ra abgas . o =
= +117. = 450 =0

Ry = 373.33 kN

_ _373.33%10°  _
O = g ggan® ] fape
¢ (amf?‘)
24 x)03
G = AL!; = /44 MPa
Lxio2
4 {(tension)

1-37

I-36 lw,pl

N\ ITMp=o
2
.9‘30 x3000 — 640X3000 1 Rex 7= xI500
) !
e xfoo0 =
TRE oo 0

Re = —”7.-"5 kN

ﬁhx = RBX

fay = 31—1100 =333 N

RB)‘-: %-x[oo = 64.] kN

RA=J§‘,QA},=-3>’.3J,5—: £2.93 KV
ﬂe:ﬁ Rg;: “.75 = 79’;38£N

V; .93x)0°
Ta=h o S2EAL o e mpa
TXJD
3
Tg= KB = 3:,;,,: = 300.0MPa
45"‘.'10 :




J'o int

$o

Jofn? D ,

"J%ﬁsp '*Trz"'Par Tad =g
8B, zZf =0
J—I?Fw +j-—i‘PsF:0

=2 p
E_P&D

Zﬁ; =0

/ -38 B33
‘ Ope = R < 487,23 MPa (o)
20kN N 3
3 Opg = 330X _ o, 23 MPa (e
A B8 ] 400
30kN £\
m |7~ TN sm
35*’1 ’-‘\‘ F . "3?
-—— .?.-’J ‘E | ROV i — 1 E p
A o Feo
KN o
3e > G = 4
3" 3
¥ & o’E
P—i—*i_*_im_* l
- 2k
section m-m IMe=0 D Fep () —2(6) =0
ZFu=0 =

‘%D = 37‘.2? AN

3
ZFhz0 3 fpe 5 -3 =0

hae= &k
Force par bar = 5k
2.&'):!03
= =6,
o T I 47 M P

Double shear at ¢

2 - .
foe + 7z foo T30 =0 Ih=0 =2 FRe= 3k c"'_"’iti
" 2k :
: PPE :-30"‘7:“‘5._’(32)7:“‘3.39,4\’ fFr-_—p = F;,c :2k k__.'
section n-n Fe= [3%2* = 3.4k
.dec T
; - 5 _ F _, 341
N IM =0 Fin shear < T*(Eﬂ_;)%ﬁ.s/*«f’a
-3ox3 ")0:& -ﬂ:e 17 =0 ¥
Ppe = "32.37 kN =10 A
1
Stress L -
0;]?: %:232.7?— Mfﬂ (r : -
P—x _+_|o-x—1 3
: o the lowest point




- A
3h~ \ 'B
= L —H :!_/ I/m
1«1 |
-
2% 2(19~X)
IMA_:O
x
3 -H = 2%- :-2- H-: éﬁl
SMs=0
200-0% _ g H= (o0
2
4 -_%;;r‘= (te=X)"
xX= 634 m ) H= /3. 40 &N
at 5uﬁmt
Fu  Fe=2% = j2.48 kN

r R=J BY F12.68> =186
g N
- 18.95 xfo x2

/ooo

54.7 mm

|-al

]

(K, 1R + R3) mw™

"

(0. +/.241.8) (0.6) (#X27)"
= fl}é, 79 N

o= S
F(N &)
0';_: _B.Ltg—- = /2. é
I @ Mfa\
61 = f‘g‘ﬁ‘z i N M
T Tt 24 MFa
T i
(mPa) 1L 48
‘ I.J.oé
%#
2b s %1 R
|-42 W
= —
—~
{1
%odr,
P'——::l
L '1A darn, 2
= —_—L ) w df;
b= §, =)
= '1A l«)" (L{_rl)

FJ.: (Eg"'&) mwl

=93

/.21 L8)(5) (#x27)

= 9f7. #%8 N

Fs = R3 mud'=(3)(0.5) (yx 21 )= 57
W

#”03 <20
X .1 =
" *(‘a—d)
o s d> 3735
d: ("{o"’?"’)




SoRe= 30z = 42 43 BN

- _kR
2*%9“
=J Rs 42.43 x (0>
zT Z /00
= 6. gy 1

qk__,._
No
-
W
T~
el ilgpa———a—
-0
: "~
o
-
. =y

I
W
®

:—L—_LS:.-_.- Ty
A T T g 0 833 /n

ase | Y " bolt

Abr?—“-a{;:— = 30 m>

1-44 I-46
A 24— 4"
e Tomr j T
g B I < P %old\/“'—’ o kN o ] )
x ks ¥
Iz
/T‘*svo”'"‘—j[ | N
o0 __5_—2
Rey e 3 M oxg =5 M
:Mg =0
-Lxsoo-:éoxﬂ;o —Lz £
o A F.S
o0
\T% =30 kN }3 &___ 3}3 6\:6:23.8/”’"
o0
2 =0 -
Fu 30+ Rex —42 =0 /._47
. Rex= 30 AN ( { —
=20 =30 N

$So kA

F by € g L3

.
Ta= IéSkN
_ Ga Gy = 140 MPa
Ta=2 Tension members : PF, FC, BE, B
3
% _ g P . Y i =P _ gexiotn  _ -
P‘Ip -z-g— Td* :. p=d A'F T {#0x (0% Miw™ 452.8 ‘f:”..
12




1-48 ;
4. )x/o
AFC:_og- :%— :6{7_3 F c. “_3_
i =~ 420 mm™ i Foe = 300x 75
93 A > = o
Asc.= ;?jv.éxl :27?0‘"”» %,-_%p \‘l‘ 10013
= I Foe = 360,56 N
3 300 2
af i +tension
Ast =—3—‘M%—°— =spq=xf | ; ( )
i Fe 34054 X]b
Ape = 3 = 170 =2:7J’.37‘
G;prw
oz 24 Gh wm™
I-4] = ookl >
Y
pogm 7501 By 7 _?f’
,\35-)'1 [§00 2400
o : 4 :l‘
=M
L I 2 P
3o0
zFx=0 Rox= ¢HPokN()
gl
=Mp=o (% séoxl-f..(‘g,,u‘g._gg,g= ;
Re= 4okN (T) l
IF)”" Rpy = 3oo En(T) 5o
7 M
—-FFL
= =e C+ =3./Mg Ka
A FFc il-*f-i-joox{‘g—ygoxw (Control )
v =p = 2,38 My kfa
4
: [Sw Fee= So BN (tension) 3.1 Mg
Pre= TEe = B2
d:ﬂoui f¢» .
‘-‘_"3'7:.\.0&'»“‘

13



=31
Fasy =4 2
wov =¥ 3xs88 =5 N fo= e goor
ot j40 = 7!?3 mm
s
FAC = =x332 = ¥§50 N ABC = PBC 52 Exfo
{
He,,j,\,,,,) il /00 2825 mm
AAC:__FAS._: Yoo 2 Aw:_&“f____ {000 xfo° N
be T Tal T Ll
Fae, v = -__7?_"_,533 = sl o 153
00 kN
—_— _8o¢d "
Fae = JZ r(-33L) = -49)5.(8 P = "7 =587
- 36" 2
(Comp. ) b s P =%Z=2£3fcm
Ane = e _ =8 SLL
B 0 = -_7 6J = & mm* —3— B D Ase"-'-’—l*L:#qcf}a,’-
7 VAT
gm
2.4 SN %_: A,,szi—:_;LS‘,w/w»
-4 4 . Seoo
Pgs IMp=vo 600*” }_S_DM—’TE ABD:T—'S—O 00’3‘
Soo kN 24 xS0 =~ kN 2
? | ?k ] x—o fﬁg?‘.; poo (200 kN ﬁter !5_5?_ =!>3.b7cm“"
L E Fee = o00 kN 10
zF,=0 oe = LEFE = 61
Rov+-4fee ~500=0
Rpy = 300 én@ |/ -54
RoH = -—Pce-ﬁoakﬁ/ from problem 1-38, Br== R
il x -23,57 #N
9'-._ —'i“‘: z""”‘I
(ooo KV el e J
_\.:-‘jéw )3-3'?
_section JR
Pac = (vo0 kN - ‘ xF, =0 et ] =
o -:g Pec=-382.8 kN h +J3-"PI__]' —J-_—-Pax-
?SFAC' 00/(”(1—) Jm‘nt I, vazo F +—P
= fay =-1% kN =
RM=JT;:,'PBC':- 200 kN (&) ? ﬁ" _FJ 7“'3&”
Jﬂiﬂtﬂ o =
RBT“—‘J—:_"fsc:;-oo kN (1) ’ =0 FAB-{- fir +30=0
= = -
- fas = -30- 3 fu = 3488 kN

14



i =My =0 0 Ou 208 J>Eox08
: w = Y 2hd >5oX0,
= = 468. 6 TMFa
Fap x7 “’-35"%-:@ :xs.s-;x—’—xs ks des 7
* & A= Fw: w??w/o T
3¢, i D= X3RRI
L I:Z ) ggm =z y3¢im* ] I =128
_ By s .
AAD" ﬁ" = 5% =~ /g e 1“5?
Asf = Pef = .8.5"9;:,’0’ ~ 379Mm T 4 =Hp =0, i
Ja - w - 200 X/,
il o ifm %wo Ve =
/"5’5‘ Be | ID = ?J‘gz kN
—]F B———r Fen ZMg=0 e "53
8’ Fep x 14 = foox20 - — (3.5 +C(§J'1+(z‘g)2'
—L 1 i __I_. :;PF uf Rﬁ& Rﬁo VAB 5.5
E gp = [25 L4
= 42,8 — k
oot Joint B, TFy=0 #2.80x 5 =80 8>
bt —id 1o o wd> _ R _ 88> -
I i° Fas i = Jar A g "_(T—_ S S d= 293
aJl
= hp= 2358 Lf
_ P _ g e P
g = o= FEE < sgons — 1 —
4 Are § o o
oo s = | fac = P wtd
__°F
. FAB T Y
= 0,087 0 A
7 ABC = ];Bf = _-E_ et G
0
= —F_AE- = _'i_ _.L
P T 6 Jinat
TMa=0
e L
L f x3=30x6 V=LA + meg AR
30
6o &N & /
7 e d 3md CoSA )
section m-m
...a_v_:o b | o
Fv =0 Al ) S A = — ot .:ssz‘?
e 1 '
Feox 775

Fo = 18794 kN




/-5

{-60

w= Z ~Alz _ (Az—03)Alz

(4] Z=AZ“‘G‘%
7z o

= -]
= flz 4 Uz W= (Me+0z)-Mz _
0z "’
S f (Az-0 <2< Uz +0z)
=P(-1<W<])
= Plw<))- = Pi<w)
= 08413 ~—-nl$’i‘7 .
= 0,6337
&) Z:ﬂz_za—i W= (Jai-ZU.Z)v“Z ey
0z -
Z=.¢a€+203 W__.. 5

“'P(ﬂf—la} < Z< ﬂz-p.zo"g)
=Plz<w<2)

= Pw<z2) —p(-z<w)

-

= 097]% - o.022%

= 0.73%"

¥ See * Probability and Statistics for
Engineering and Suentists ” 54, by
R.E. Wa/‘pole and R.H. Myers. {Table
A.3>

from Fig. 1-26 (€)

S'—'j“'}‘" (xc=X)~

=J 79033600
' 176
= 670 ’?61‘

Stren B .
(ahitf:;ﬂ freg. X x-X o (x-%)
20~22 ;  >leo  ~i§fe 3385600
spmzy 4 2S00 —fbwe 248Fboe
24 ~26 2 vt o »o]3 boe
=28 3 Jee -p¥o 837600
2§ —30 $ oo ~loye j08lbo0
30~32 # 3jov &0 703600
T P wofbo0
-3 /] 3800 4po (§3bov
34~-38 >/ 3)e0 -340 r7500
~4o > - oo -yo jéo0
fo<p> 0 HE  jffo o0
pge g g 3bo 129602
yh~gb 43 #500 tho 3/3b00
s~y T gpo JEo £97400
y§~t0 /  wpo  Géo g>1bov
g2 ] S0 pbo /345600
S8, LBoo 3bo 184 7500
st 7 ss00 1860 >433400
48 o o 1760 0
Bfo 0 £ tfbo 0
jbo~b2 / {foo >fbo 44 4sdoo
Totaf 176 l 49033 boo

16




2! /A (A500) /% 276 ] R=(R-300) =(25000)*
w B o B - {71500 4(06131_ '?N
E_ €7 AL T Gawylony P2l Ry= 1041876567 i
. -1 25000 . ..
" 2 9= 2sin™ /===
2 % "% = 33.33 mm* | ° Ro
at | (3)(2x1p5) iy it L=L0[|'+Uexw'b>m)3= 50060.8 mm
cocf 250 .
zd7=8333 — d=i.3 mm ZR §ip | 2209 - 50060.8 — R= 993163
Use !l mm rod (2931637 (293163 —5 J* = (2.6000)
S = [068 ‘mm
7~3 o) pL: = ____PL’
AEst  AEy Apymx;ma’te b)’ Pﬂrabola Ve 4” (%= L)X
_ Est _ _200 ) S= ], Tv &y dx
fir 7 T, Ly o b x - -
# 2-T | r= o = 2 C =9 30000
AE 7 60)™ (35%10%)
Qo0
L= 29 =933 mm , |, =667 mm
UED ! 60‘ s0f2  — ad=go(en) (83225107
Gy am g Bh o 200 (67, 233 7 0.015 mm
EA  m(asy VM 2xfos  Txiot
= BloT i’ 2-8 | P.- CEA=(TEA /D
= g m
= (I1-7x0"*)(260)(200) (520*) /0.3 = 440 kN
0.035 600
=l L=3429m 0-9 5(981
200 F] * e = -
L @ F= T = 56.64
25 | T=6(+¢) é:%di > )= [ABeE _poag
I T (300)
= Ao/ (14 ¢) ’
Compression tension (b) A= --L‘, < *——“—; (1.5x10%) = 2.25 mm
strain (%) [oaf-02|~1 [-2 |=4|ogfo2| ! |2 |4 WHogE)
eng. shress|g 3; 12 {toof128 |18 3¢ |72 (35392 ] 2-1D Ur M') = || ks
True stress}s.ols.e |7.3] a0l 9.0 6.t [72.9 (267357 U :
T (ow-alloy high-strength steel)y = 1T ksl
true areal{Adfioa { 1.oo} .ot | 102|164 |1.001.00{0.44]0.98 |0.98

UT {Low - casbon steely =~ ’8 ks

17




. ) (b |
21!@0_*50_ il S s I —_ o 3
L J —f A’-
Bt ;—f‘—r—ufaaxﬁ' c=E ;’;
¥
or -Ct or f:-ré—‘ ! —L AL
Hence g o £ o= £Ec
, __é'f. . center
Selution: G=A¢€ "L +'7(C ¥ Jadl Standard  sofid
+Nh < .
or  TeACES [T g o
Since T=0 SFfor &E=0,

Ve / sg) _‘5_:,-‘_5_ =_Z_._.,-)LT:':
G G Lt e

‘—PLD( ;7— 2 -( 31k --_-,n-,-_._...;_(_,m=f_..
o n*
f-f/aw E.e-‘zt/ rM = Zj S YdA = _.gb_d_‘:‘-") )/—"""d)/
Z‘C.S‘ﬁ (é)ﬂ =0 (-”’ o Cn o
o1 . r (c)an b MIJ/ZM{P,.)? M o= 2 b Saax n z2nsl
2-12 . T ¢F  am C€F
G (N M= i 2b* Bmax = . —_I Smax
=l 2hs1 n-  C
_ 214] M
2 dmar = En —f— o
C s/
g=iq+Ez_ dm
E 4 E1 :d“t.r" E‘t&’ll > / ﬂf_e
(3 & idueTo g, 21, ' =6
N
1f i
8N 2-15| From Fq. 2-5 . the ultimae
= .
stress for stee| js /86 Mpa |
For alumnum Ts 150 MPa
-1 | 12-16 | @) from Fg. 2-5
2713 @) Maxwellion HMaterial p ) . gt 4% o
4 8 24 32 45 . _2xip® X0 _
T ' hr Al 530t | R.7x10° 0.84<1 (0-k.)
a 1<y, 2x08  4xi0®
{ § S Txiot * Toxr 38221 (NG
g / s 411
L) -7 ; 4 - .o > (A.
def]. T Y 35 AVt Teaor | Bro® (M.6.)

,b.-:g,,ffgﬂﬁ/am'-f /3!9‘!4- St: 0+0 <| (0_;(.)

18



it

2. 42007 ing,

sl =667 K,

'/(eﬁf_:

3_' 2.036%
g= -gﬁ: ;prjzo /00 «“
Y
d2 .28 nm ,
) G“ /ax,as A o008
€S F° 2% <o %
‘?5*/&3 o, 008"
Az r4.8z mm (foVerﬂS)
m?’nen‘wzz .a//zz,y elastic modelus p
a-
4E GRy Sor Jension or compression, aF % = —%‘?—L—
3_2 -]Cz ...L i = _L AE
5 2ida ~ 24 ;L
@ Arg =22 2 33,33 mm? | [&
reg = = ' = : 4
7 T 3 , =gy |E20D -y 3k,
Areg = FL _ Sxs0xwx0_ y 2x0.4
ref AE = TFx2/00p8 " SAS52ma 3-¢
(governs) @ Axial foree
~— stiffness contro/ '
.z (T E
) P = kA ( j)
- P— c 68. 6N (7&;)
= /( Z'Z-‘-AZﬁ' K/\//m;r;
3 » 294N ( 3KZ)
2 2 it - (=) j
sok / 2in ok ‘ gHra
Gox N — -
A B ~/00 D /\¢;ID
e— 2 —3k > ——37
74 /0-4
/, 7Fx
W IF=0  P=éor
£, 87 10
c‘) A= _LZ. PL PL )
LA e * ( G2)ac *( 5E) o 3 displacement
= It’({-U?-J* (—$D){2x12) L LD(3x/2)
1630x0°) " T g30%x10%) | 2(30xs)
0016 -0, 070+ 0.03
=p. 038"
q’_) _ Le
( feff 2(54)5 i3
3070% 4/ ) Z;‘-Iz = 3;/2)

19




&-_fﬂ >'S°k’J R’- 433 A, ‘fdz:;dﬂg i
— AP <] FLOXI0 + (7x10 )(0.4)
) 200k =140 %m 9y
- B Ax/0
a=2( EA)[ 7
= - (G-t0)x2000  (fot200)a1000 /5 18P0 -
se00r E 2000 so00xE A
=p Axial displacement
il /9 &
<=0 « F .
K= tuse unit hrce)
7504 Eott g
L B 4e Dby s, 1y
; ECATZ A
- 200 AN - ! 6 &
/43‘1-&! ﬁrfe - - 200‘(}06 (20;1 - * p. E*—o—‘.?_
= 0 K 10
2.:x:04 fx10 i ,04)
C—1 = £33x07°
0 —_J—Srlo—¢ X e o / 4
Axial strain K= = 5‘3"‘"""“'__3‘/0.; SR VAV, %
o.5mm
_ - 3-8 -
s Axial o/;.:f/acement (29} O:IL = Fé&= 70*/0%: $73 x10 #
37 p p - = SLL M =Ty
y { 2
Yt ) —F P=Ed? =it st 112080
: P’  — '-‘P: _F—J‘& 4 4
y by Cop= Ts2 _ 42/ =305 cor 8
b £y —she 2z He 23 Esz 200%10% °° _—
" _ _ ~& 7 -4
F=4& t,=0.6m A=2v0 m A =[ (308, $x /s00)HET2 % t20) 110
= =05 = g
Po=2kN Li=08m [,=)xp " = 0.87 mm
Ps =3kN Ly=04m A;=4$x10'm”
SN 3-
AK;‘I akﬂ ?
force Jﬂ_'_—[ T
L 28x10"¢ ! -2 I~ - - =
Ax'af 5 fxr@ I / I
) . ‘ - I
Strain ‘___|;uo = /i | I
1! 2
; Tl I, :
- !l )
4 AE &L 3 1 4 ]
sl oy aen Loz To.l gz
A,/ 25210 (0. 6)=75%10 m rem
- -
= A, +A, = (ZSR10 345210 K0S] /2800.021 %)= 500«

a,

= Loxip ¥ m

20



f, /2l =3
Y=0,00034 s ;;;e,,,,a V= O085X0 e
€ =0.0034 #2, 22=0,2234 M 2 "
s&=0./117 2.02 €n= 6%10 .
O"‘:/S’Df{p.ﬂ/]"".ﬁZ’)-'(/2-{"':/6/- “"ﬁ G =Eé&, = (301105)" bx/0
Fs/é/‘ﬁwxa'zzjl‘iw = )8 ksi
54,,,,,-:;,/;:7-—4%-’1_‘.;35—'"&’7 _ 2yt =184
Dorgm™ 2.0 7% pyp = bod i, P=18x2x3
-4== /) 0/:/"7
3-10 A= Z25x4xs2 .
-4
@ Ay = (Laf=232x/0" 2004700 32 _ 1&/_0;3=—<?7x/0.:
= o.46Emm g €x= /4?0 &
Agy = st Lsta] = /1. 7%10 3005120 = pE¥Tra0 e -13
Z0.357mM o (?.?7:“0 xZHD ;_7/'2 Af/)ﬂmz
-0.25 4 d 0.25
J.%6% 0. /-.z<§>3x/v ¢
Lnclination™ T qe0 aa Fa-a = TyA= 724 2% /8px/0=)28¢10N
, hmw BAR 27 x400=Fy-p
osbami 1 | - 2.3 /1M /2 J’x/p A//
% §= 1550 =160 M
zZoomnmn .
oo 1) &ZZgz:'zxj"Dz—azoZ/{w
dXx _ 3zo A
e f 2 " Jeoxioxzxip "7 |,
b) L gy _at
R s
2 Y. ]
Tap = Laly _ o.56¢x7ex00
AL™ = 200
e - 3
T I72MR =t rdy= [ By L
" T @ Fe Ly Ry =5
70 ° o
o}t - "ﬂ:rErt - 0,35/ x200x s
Lsr S 'f‘-E;
>3
= >’34-.MPq ﬁ{]:": falg-: ﬁg 6{% y g
¥ %
3-1/ ] xg” thick _ P=lidp=[ "%y ay=5
y 3
1 =2 P LE L 4y
y - | f "5’ )5 AF 73 445—
y v___y
’ 2;(' ! by p- #00x10 Yo%
Dx=0.5x/0" 7 e e 4(44002) (;0%)
~0.3x/0
€X=_‘.’_¥_=.. 2 1£5X10 w JEE

21



3-/4 3-/6
Z
@ A= ;é o ?; ffgi’/jf =0.09" @) suéa/un;/e into 4. 5%9”76”7?5
/ r
_PL_ 3520008000 _, oo o Dec3aL
S £~ "o zxsoxipt 2073 MEs e ,EA
L% ST W+ E w2 L)
E
. L g
Bone AL w ! Lo, SwWL
a: x
, Eﬁ AR c?E/}
Aw:‘ ﬂco‘gﬁdw'ﬁgi) 23] su&/ivia/e L into 10 segmmts
=o.o4—§’(o.o4—o.o:?§) A,y = Z Fels
" —_/ EA
=208 S R S AT T
T —x— z e F/0 W
lb) ﬂco'—‘ A EA ’e /D(w e /J
=L 85 . uWt
) { ) EA "~ re0 20£4
‘QEL o ) subdivide [/ into 20 segments
P »u.ﬂg éco 2o il
ar AAL Eq;Aw A”:-‘-.Z Rl‘
i o 2/ EA
= /J0XO0 x02
=0
00 Xzox/o‘}g_/ PCa 'é/%o "ﬁ = 2£ Al #2 )+ F20)
feo 2000 b F
N 4 AL
| =L z/0W_ 2/WL
e EA" 400 T ZprA4
0 E,
o ’
30 ———y B, 2 Ay A
w?® F = 2000
/b Pep= 2000 2l
Fral™ JRRE B
ZM,=0 = ,280x30=2000s7
A=18.75 ;nch From +he nfﬁt end
- £ 77 N
3-/8 A g e WL_ PL W
. =2
A P E 3 M=o
wl  PPz=3 LW
0 =z -z 818 x 1500 = Fug x 240p
4 - N‘Lz FAB =Ly kA
ey 3
8AE 5= Fasl . L 1x/0 CiPoo)
AE St 200 x/p% )
B
%é:"l;_‘]- DrSF/MSMmt = 2 20
r?xm 76

22



i 3-2/ R T.F P r
vertical bav 74)'{8 ﬁ‘vm Vs /6% €=t 7, 6_:(?) =(2x5)
vertical bar ﬁrcg fmm D : /éx-g .

3
_ Pl ixs0 3 4
AT T eorzon 6T G 5167 N 2, £
(2)™ () X J
3-17
T L B B et 1)
30110 .
. =, W 7,
=p. 07" ceﬁ:n;atfm F val rod) ( AE) (’W )L
AB:Z_\.:QD/ b 3-22
A =0 e {]:"-.-5/,:5,45/‘
’ = %s=/0 ksi
DNe =N =0.0/ iy
A =t5200 0 = [/6oao /sr)]"m'f[/éoaa *G42) Jyoo
F T Son 7 “O-008 in 003"
| = )
A-zD=0.00F5 a/é_/ém d0‘+/6$,q0/0—
= 0.poS+0.0085= p. o
24 / jg/ oy = /6000 Ksi
Ag-A d
&~ =0.00
V4 ag A5= é—g_x$0+ 2-_0 x o0
ADAe=0.0270. 0f =0.03 ;p ‘
. :/éoaaxi-o_,,;?o-a—-xfﬂa 007(?
J—ﬁ ?.A AY?S:J(X“/ d ﬂg,
8
AI _./-——--".,j;’; =0.702-0.078=0 022"
~ 3-23
AI el 6 F
E “-.;‘:r:.«za/”j Bc
\-.___\\:' IFJ-"O
T ]’P =J-2_5¢Fsc-§=2ak
3=
3-20 * &
A= Zfé Fas (750 ae(Z)
('2: ZAEA= 2,,,/06::4;,_( So/VE: — Fsc = 43 K
W Yy E P4 Fne =8485k
= 3¢6 000 ﬁ_z wire AB
T ; a=LboSoxpechon?) =42]3 »y
L= 5 7 ﬁ 00 AE " 730 (Foxs0?) "

23



g_) ;A= PL ( /2300 —/odo0) [ Foofz) 1326 n‘
AE /30 (2ox/0%) ; \ ¥ zeomm e &
= 0,758 mm e
goomm
A?B-P'a/-'- 4277076 2,33 g _L A= ;’Ld A7 )
-—M_ /Somm
a = Pl;_d})x/w(:?.dfx//)il P (3(5)2,_ ’25X3003r‘
0>t T T I
Hr = PL _ crsrm0-800)06xs07) R ’°°7-""”")
AE = Joo (#0x/0%) Bs (7 P fe (P20 (s ~18750)
=4,2/ mm 300 300 i 7.3(,% i
= Foo o3
AT&T@/ =z;6" Mm E’E oo ﬂ, ;le/OJZ-
3~2% omm g [ e 3T _1]/ Foo
3 00
L=isomm =§'§(3""0 L 6x10%y 2 10* &
_L)[z 3-2]
k=i p£= ‘a‘ﬂd?’ ‘&"AW
Smm f )&J}’— 2; (Z )/)
e A= (¢ 2pd
:U x qu }?M :.d}’
rf’*mf(/ov‘ ot ’
a 2
= zlk—}[él)’——Z;!Z: gl 2
Y‘j(zwf;{)a’ 7€ T P
= 150 P 140 _/- B}
A _f; 45" ,/;;:f i"f(.li-f:a')z 358 E
o HSHi5)E f —Kx 4?’--—k:r [
_—:‘L/ro }"f(/aa-f-;);rdz - - —-K(‘Z—&I 3
e A= f"'“ EdA _ K s
= 75325ﬁ EAUI aydz
' e 2, i 13 = 24
3-2¢ / 2AE (5 —a3)
A, = "_ﬁd _ FPla e
4 f 7" 3E Y E S eata-a’]- ;’?
Ap _ Pls 24 VT b
f (/fzx) .7-———_,&3 P j;. kada = . -—-;(44 a)
2
AP Pla st . 3Ka 2F
4 Aﬁ, -k _,Z,, 5 = k=35
La
— = " : 261 __ﬁ“_'ﬁ’&!
Lg =Lln3 =000 Y7 VL 7

24



327

iFﬂB sinsb.b’= Fpp sinas”

apeosabtts Fuocosts™3 L ez ke
A an 2.24x 6.7/ _
A8 ™ 0.2:}'0_.5‘#/0.51/&3 =2, 0//3 ;4
B o B 142 x 847 . B
Be 0.>520,875%.0.6x /03 =L 20x0 " i
. 4Aa4s. o »
= _ — )
6IC cOS26,8° coS4s° £ 28710 " in

GF = 2t 2/ otz g™ = 20u
AYf= 3 52x ;077

VYl

— E43=2.24 /CI]DS

A3=\/.—ZK A,qg" A;T
:ﬁ xo‘oo732/-0.0037-—r

=007778 in
FA T
8 : u FBC
49-130
ok

3-30
ZF:O, J"E‘:‘B FBC =/0 qu-;_(-‘,??k
2. /L =
EFa-tbe B3k
_, Pl 77x% 1002
AAB (AE)AB = -—*-{—/[)—4"—“" 7:?2/
2
= 32/X/00X =
Age ( )ec 732 3 E——p ofase”
/0

E}::JEXAAB “J—‘-Z_KAAB

=Jzxo. 0732/—J— x 0,0845¢

=a,pa_‘.'72
EF = L =90.008/2
F E o Az 7
Ay =0.00378 in

=3/

|
1
|
3l
|
F Yon ﬂwé 3-23

F
Y= (#33/0°)x 3 052/0°)
ro00x80 xs0 3

=X Hmm

Y,= (16.15%s0 (o, Z/'x/o)
/BoxFox /o3

/. 2 o

25




) Ax
BF= BET Axtandt + 347"
-0 £
NA:.’I’G BF coS.(‘B./"} BEz._——M
e £
cos83./° T o5 ese
= =26/ mm
X fangS®+ ___ 1 7
tan3é, z°
AJ’—' A7{+BE=_{,-‘4-fmm
3-32 5
Apg= & 456x70 " iy
Age =0
cos [§F°
53
_ 84656 x40
- coS/EE’
~
= 9 yz2x 40 7
3-33
8
>
k 2000 }i
2

(%) cyane stiffness
F=t (unit ﬁrce)

Pas '(7/ =/

(tensile)

o NE;
Pac = Fag YT EAT732 (compressive
Z

A, = PL_ 2(2000:7F)
= 3xsp ¥ (200x/07)

= fas =<

-
=770 %0 mm
/L 732x2p00
By = )
i (3.22/0 ") zo0xs0

%

=84/ x /0-°r wm
EG = Age ‘f‘-‘-g- Aup

4

=2 L2/x 70 Timm

-
A= Eérﬁ'f“é‘ Aag=2 48«10 mm

/ _ 7
=<ovio %

2.48¢/077

a F .
K“E.-

3 Def/ecffm 74»/?1 /6 kA

3

A% Rpaggs BAXLE M
=L 0 mm
2-34 g
A'-—k-—
f-_L _ L&
A JAa “ 22 dm
A P
21 2000 7‘/2 ‘HJ

26



-6
A= /3.0x /0 per °F

Apg= /00x13x /o-f?aoﬁ
=/ 6858 7Mm

ABC = /oo X /31{/0—6;( 2080
= 3,945 mm

HF = ax +A2x§=5§ 24P mm

Ax= 1827 ym

c
H/: = B Age "ﬁﬂﬁgz4.25é) mm

BY=L28487DA= 4170 mm

336

A

fe——— 2000 ——

sc ?

A
A = 7 17} 200% = {fD )
= X,
AS VA / ( r‘a){

= zosé62mm
A
Az: Aacsu e
Ay .
By Gt =4 328m Y/

337
" I-G—éoomm——# +Hom ;m/%_
| 25 2w85mm > oy 74;;, 3-/
K=z
= GA _ 0.22(75-28)x6
# ; 5 =30,28 &/
3-38
From grdfﬂ/ on Fgga'f{
K=L/475
"
..—G—_- e _A_ = __[_ =—.—.{_ :a:?
O—max k k /‘7;
3-37 5
oo™ =
- “9 28 k=143
_ /0xX60
= f= 40:50; = /27 &/
2. 2
7——;—;:&20/ K,=230
= p, = (0-2F) x1pxbD =94 N
2 2. 30
340
small bar B=-tsps  ge/es
benad ;,K :%:ﬂ,:z k=137
F;n /ﬂD/e 5:&:0‘2’ k3=_2_3
@)
/7’ = %x;ai};/Zooo
= of © gl S

= fx =L f mn fafenfﬁa/

0 Fracture
P3=_i€-x,30‘f3:_/2000 @

= ;= /7. 5mm
&, The potential fracture m.-j/;f occdr

jri +he piy Aole section.

27




2

3-4/

Oy mAaInesium =
76}/ ; i M!;elqsﬂ.;"

22
256,85 37.33;?5:'

z

Numbeyr ofcyc/es s 0% Uy 1 <0 &
= Stress amplitude  ;e¢ ppp, y, e _Zxééf R
Y 2 or steel Uy elastic = = 2/ 4 P57
A 0792 = k=443 2;5:
Uy, hyper = e BRSPS
T Uimax= /43 %)08 = 30/ t APy
8t 30/ 85k 1pmm = 307560
=30/ 5¢ A s
i &
LeZio: o poanss | b
g LEBINOST et ke
= (hmax = 2.30¢,8C = 22 ¢ /95, Z oo 50550, 5 ' .
o-P)cf=Lt/0é N Ly dav 45
=06 N
T /3’33“‘ / ¥
3-42 U= z - T 26,18 ks
‘?‘*0‘;&;”3&:
A -,Cmm gmfj oh /C; D=4
il o _/
5755 =z k=238
s g B i)
Urax = K1 = 2,38 » 205 = 0078 6 from example. 3¢
{lu A= Z Pz- oo x /20 3p0x /20 O\ABZ" /78 ks; = 5
I = s T-zoox@x/D 7 7943 2.23 Lips
€ A= p pexs2or 3502/20 _ Ope = 72:] £5i £ =283 &
0.02X/ i v 2,726 mm Bc . Bc /]
Lgc 32-47”
e Ares = A- Ag
=5 3505)20 30px )20 P4 _ G-ﬂ
8- (zaaxéax/o ? 2ovesonize ) z ZE AL Z
'-"2.7_!'-0“?7_;“:/.‘? " mm e o
7 304?784 2. 23467/ 2
3-43 foy aluminum
v ’ 4;2 12.7x2.83x 8477
174 5
¥, elastic © ST = 7/.32 psi” = 0. 0/P”
u z
r, ,;moer = rv— = /52 & PSI—

28




Fas

1
z FA=

X

.

i W, o W

P 30

L

l'(_——Zaoomm

/6
Sih3o

>7.7/12 kN

/ﬂrslns
Z A4sE

(32x/0) é>_3l)
(2 O_O*uf&)wooxw?)

B

qwﬁrj

=774 &N

AN

u

I b
2 Ae E

(27.7/2210) (2.0)
(320x 16" %) (2005107}

=6 x10° 4

= A= D.004m =4mm

3-¢6 i
L hd
A
e A
3 3 Dy
E F g
(3 )
/ l
P =300 /b5
Farce,s= ZMF=0 = FEH=:30.D/AS
'Z'ME = = FCF=600/£S
= F 600 . 2
ACF GiF =/f,{/05 = 0. 24 n
ZMy=0 2 Fag=300/bs
- FAB 300
Ass . Jawps D 092 i’
/ 2 2
Us 5[ (< PL Ly 3
Z )a* g)ch( E%Hj
/
=3 P
_r 0.3 %020 0.3:(/0
PA [goxmio_oz 30;;01:9.02
A 3-49
0.6°%x 20

3oxs03x0.04

A= 0,035 in

347

P=ro0k
Z‘z';;f"‘o = 63 cosatr Fegtos30=r0k

SFx=0 = Fagsinds®+ Fog sinsozp

Solve, Fas=£.177, Feg=723/
i LS4 4ol rzsz/);//.r,:_ Y
_ /0* z 707 o z4

= A=0.097f in

kN

c

A
. S
z I B
/ z
&KV
D /7
:8 —
[ao= Tog = & 74 ¥
Tes = Tea = 4.97 kW
Tag = SKNTFZ AN =70 &1/
_/,2 " (4\47:(/000)2/‘”&’
Z Zox 200 x/aao
—x2 (8.4 x/000) % p tcf
HO0Xx 200 x /000
/
+ = (/0xs00p) 5/ o
2 T oxz00x o003 hoA
A= 242 »m

29



3-50

syatic 7‘}%5 =’”f = A 5% T8

LAY
Bar A @ AsT EE—- __w

,f][ {2001/9 )

=0.00 17 ppy

2 Zx/ 000
T /D(/—f /-/—0:"7 =1 7238

Bar 8= Nsy =Ll s 17 < 2000
(L (20000’ )

=0 . o0o ao mn
(N Y
3 /-f 2000
5 A v RN/

s
Barc’= A 57 Tl i . ——-——"4 Ml fai
78, 5 (2004/0%) s 8
=z (.wwr/oj

= 1.35%70 " mm

for Jower vod

/4‘7(/ 2000
T ¢ -fm =229 1MPh

for spper rod
(Tmﬁx= 73: A
2.7

max =

21‘?/- 20/.3 /‘V/fa

3-¢f

a: 2p0 HMm
ol
U= 5ka’=g’muz

= ks /§Z)3

A (0.02)1)*
28000 My

45 kN4,

"

i

30




- 2000 t OO0 ’500
e e

»o0 kN

i R _ﬁﬂlr—_l_—‘
ta) __""_,; i S a8 i
/“7‘1_}——"—{_‘
/ >
fooo ™™
{000 mm™ Jow,,m.,o
Al’
f ' — —
| "—'_‘B A.'-'—‘f.r’

fl 'f 2 f-’

Az
Pt g }*Aﬁﬁfﬁ*fﬂ

Axial strain

6:!0""1__
"*—r—-’{rx ITud

bgsx o

Axial displacemenl
© o jamm !

N

-2
¥ Hy482 + 45 +A9=D

Pat;
—Ll= =R G+

R,‘-——:":,_':I—R: i

fege = fimixt

oo BBt Fith) (-ps) telat
‘Pi*fz 'f'-fs

(M )79 + (K107 2.4X10 *) (~200) szlo'x-;trx(-w)

/J‘ID +2-5'X|'°‘+7.5‘on'5

fa.— 2. 54\'!0
7‘. $‘x Il? = - 3yf.>5 EN
$=
3 pm >po kN
also  By+8,+83 =0 e o bt — —
.w.k»ﬂwé s, 5 kN
> fipy + P tf)+ R (it tfs) =0
x +
=2 K= 70’?’4'( P‘)(ﬁ 1{"') [{‘_3 "
('fr"’fz'f']%) =2E - f+L
12057 (390) + (-200) (x 65 +2.5 x16) ok s
(1%197°) + (2.8x107¢) +(7;x;n“) — e j
3 7= =
= -T0 kN e
! [ —== :
IF =0 , Ra=-1{20 kN Th
i i Fiz
- P i
Ilok” 200 ok” 1— ),f,
7 ‘F’ A
o
b= di=— Pt
1 :
xia] jerce b : *f 11
kN
= l AHpt+Aa +83 =0

J?oh‘ ____’___710 kN

—Pf "'F.r3ﬂ + =R, (ﬁc‘ y=o
R = 3PP _ Sxyowao =3,_§‘UV

¥ 5

31



#-3 . 4-5
K 20k 4o
—S—PL — R _k_.z_.__:;_k ] 'f— -F -F ,
b
Al Fo +isk Ryi—n ;,o*___' — A
Axial force 2 I ? :{
ok
£
-2k N
Axial Strain 95x 0¥ 2
—asxpe = ]; 4= 4, o 2 i -pf = = R
"I,JSXIG-G RI. = I. J.f
Axial Displacement A;u R = -o‘:;f'
T ™ | Axial Force
_i‘s_xlo-.‘i " T r—— 9.3}’
+
- "-’F
4-4 r2p
Fig. 2-25, ‘
7':&” % A d Axial Displocement
; 2 .F,(‘ .STX(O:i G)!CIEJ, ! D;Pf
- 2 -
o L Seq = 127 MPa G
L
: R o 7;,‘—5— - 25L 0.5”0
,f::i:— 40= "4 EA
/ 1
~ ¢-6
4, A Rl R lFr A= l'@E - L
R’- .skN R| = P EA A' J_Az 2A1E gA.xE
: L
L e R a gt gt
by f[ie T mE 2AE
Ab +Al' =0 77777 T VR 3E'L
J.;L R‘L 9 R'_25. kN FZ 4-A2E ; L
— T = - & 4 +d = = = - g P é T -— L
G o e e R
Ri=95-2.8 | .
]
= : kﬂ (z) "'I_A‘ ﬁl L L
qovems) mlila Y L S L4
AE ZAE 24E
_&—L L = L
L SR ST o TIT T 2 gt
A g 4 7 A =21.87 /I/F Artd2=0 D E-:T'F’:T
et
Byo = SiE " e R PYEY T2\
32




#-7
staties : 2 +Fst =] ~e0 47 F. g
st = d—x $00 = 244
jeomt‘q : AAL =AJZ ! ?I Eb
_ bnqiese
B“_ (25x12) - Fot (Soxp2) (30x[0*)*0.3 = 1% ?oéx[a'i =
82 ( fox(o®) 0.3 (30x10%) J
= /a X2
Fac = _“;_ Fet e -f)— _;‘L = { X2/ lagos 1)
5ofvinj ) ¢ () *
b ke % = 254.30 Hz
T = o e e e
- 410 | without slippi
2 3k ! - B “:; P from feft SSUPRAEE =
@) 1 13 4= Sx 00wkl A ffL o A PL _ /SxiSve
s > i B . = foX =
A 8 Idg, €. - lo_.(, i g » AE foxao0 =1
l %"P:[),SKID %2000 Ack = }.§x 2000 _ 4
“TJL— = x (=60) (o x200 Sl
--"'"--.__: 4,+48¢ =~y 5mm §
Ai lz 1 EMP L "'AB’= TI'(AAD'f'ACE)
1 Agy - At (dl"’d‘{r-g‘ jSkN €
A 7, - B2 c = | - /‘375 i
LLer g LrLs = 4:+—'—Atohp 5 T_L
5 ﬁ 8 TAG?;L_,_ & AﬁDT- T'FB#IIDO
= 3, 35m? 3 jox3co —!H?:FB
’ PR i
bp= AL, 3L 3w oxoes S0P
AE AE ~ 2AE 5 ;
“ B8 =L (lpo+ Ber)
Apy=Bpa 220= 2% _fp %3000
ZAE + [1-1°]
foXsoe
A= A3 kN ( central wire) = Ly39< Fa
N ‘ Ap, =
F__ 3___%_ =2.>_r#ﬁ/ B ABQ- 2 6:0‘73"}:”
5 R ( srde wives) fasF=go022 kN
or wire slack Fg =0 With shipping from left sappory ~
dyp< Ag =115+ 3 = gL mm
B =[S
L i
_F;LE_ cotl4 T /
ok bp= = (At Ag) = 2. 8/>C
= AT 2 = 3 Bps =
AE ;K IOX 100*!3.5'):[0'5 B> /“"375-&
. o Boy = dps > =757 M
ad‘[#’-ond . AF » FA r—ﬁ* o. th—W
ekt BTAR=REN, A=t AV

- )




1'  Lap(ts3o) =L
4
_ PL
Syp = 2(A)E cos™ 30"
where i Ap oS30 = Lap
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Va= —L(ts 9% sin %)=~ L 40/ B, &
M = PR rffm J Iﬂ‘l‘, fm T‘ )
a = _._2.__.(o-;—~:):.--p,Q ) 8y
ZMB =0
Pb=—a(CoS4§' Sin4as®)=o
- = A
> ) iﬂf)“'f—zz)w-.s/%yao
Vp = __&(COS 45*s Sin e’y o V5 . Y=iokN T Ax=5iN—
] P=j0 kN (+)
Mb = ZER ( ¢y as's ). cosas o PR el
1 M=500.57=2.5 kN (+)
AFFM = e
. ; % 12k
AE_ 3 1’f Al:lq‘:
4k * .
SMa=0, 6F+2F(K)-4(3)=0
2k
F=1.7l k%, 2F =343 k «— . 5 T
1 3k F{' —s T 4
Jey i1 4 SR
, ?ur 3‘3’&_1:-[3 P=3.43k (=) 2 MAa=0, 12(9) +16Wz)-2(Rp)=0
| Vi E—— v =17l k(=) Ro=25¢6 1
| ;i ZFx=0, Ax= 2k «—
M=
343 (A)+).71(2) ZFRy=o, Ay=25-12=,3k |
= 514 k-ft (+) section a-a
T-13 1™y aop v p.k priatg)=pa ki
: T v 2ok

IMs=0 — Ay = 1(4x40) = 53.3300

IMc=0
2

= FI-A'3= 76~Hk~
- |

Pq" 'E__;‘-é-(Afoq-At&)

= 87.68 KN

PR R s
Va T A< Aq) =31 kN

Ma= 0.TA~0.5Ay = 26.67 kN

M M= I2(z2)= 24 k(~)

_Section p-p

- ok
3.7/5 k(-)

)

= .
--I.Bfw—_i)
/1261 K(~)

-—
—

M =209~ 13(8)

= 30 k-ft (+)
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7_’5 id?kﬂ

SokA

.3
Po= - 3740~ £xs0

O o = = ECH‘lN

o.fm

SBUN ch: .g‘fxqo- 3-'3’(50
- Bm

= 2kN

va s (4'2“8)& l‘j_ —

2 LT = s

_ 5
Ma= _.;; TJo x5 = ?x;;— x/-5 =.5km

Ly R 8 Ma=0.640 - 0.45x50 T-11 CJ.%/:J )
- 4ok = 1.5 KN-m N\ - e_“‘:"& -
Te ¥ W E HF
T-17 Ha A! c " “
- i :
PN
VA T VB _T.C:RA
"% Tz Ta
Ra
9K 2 Mg =0 Te=11.25 N
Pa = 3.

T2=342 , Ti= 35
SMazo Ve=ock) T

5 Ic = 4.75 kN (-teasion)
VO\:‘ /2—%TC = -3.0kN

- =t
Ma = = XEx3Ix2 ¢+ §Ex3=+3khl-m

Hgs Pa= 6.75 kN —

SP=0 Pa=3(K)
V=0  Va =-3(K) EMr=0 Vg=575 kN }
= Ma=0 Ma = 6 k"ft = Yes VF= 7 kN T
1-18 3N S 1-20 p p
M.
[/‘/ %
L
b
1 M\J VI = l
~p =
=pL
2P 2R ap
1 + P
SMa=0 Te = 406:3_31'-’” jV
SH=o Ha= %5 Te= 8 KN —
S V=0 VA = /2+8 - %4 Te= 73 KN £ -4pL
~2pL
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T-22 3 T-26| M'()=~4% . %<3
+ Vil
V— L =1 M= ~ 3t B, . #43
L A 1 M) = Cy X>3
= (Sx3712x4) =
M \/iﬂ_ A= }=12
1 Ca= 12- 3X3%12= ~§
T-23 , | when X=0 , M(0)=0
\J 2 o3 B
_ - 5 Er«umhgx + 12X X<3
’ M) = - 6K + 36 x23
=t T-17 o b iy
M N AT 3 2 Xbx6x2) = 4 kN
N-wt’
* Moo= 4X  X<3
28] yl=-kx V= Eaxc M) = . T (x-3)x (A3 3x3)
a=l, v=o0 > ¢c=K " =4%- 7(3), X23
O A .5_1_2
= X T2 T-28 Ra = -é-(%,{gxexs): l’f KN
M = '-_"'_C.-‘X‘g _ﬁ.L'X‘i'C;
& M(x)= 21~ x4 LXA-E
. ) . kL3 Z ]
X=| , M=ao=> G 3 213_—7;_3)(2{“_5;‘)(3 X3
, '—\ M(X)= _.}zé —13x6(x 1
+k* : N P
: = 4~ —2‘7(
— -2
% KL 3
- = -WE- ”"'x + Mgy
7-.25_ 2 :
v i ].._f:'. M“RA'X--Z—?T'B-’X
2 ' i ’ -
) M'= Ra —Kx® Rg=Rs—KL
zPL y
£

Re=-Z KL*
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'T=3i M{x):MA-rRA:c—KLxI,—z' T3,
P +Lxkx Zx '
KL N 2 3
STy e ke x| see solution of Rab. 7-24
Mgt —¢ =00
| T-31 : 2
Vv =- 3 = - % 3
T-392| M(O)=r000x0.25ir8 = 200 Siy 8 = v i
: ) - - . 3
P (ﬂ) = /oo A S'!..ﬂ& ('f'en_s-l‘o’,) v z L 4 v=o0 So &= géL
M= -2 x®y 4% + C
V(0)= 7000 Cos ¥ = %+ X+ Cz
=33 meor= ER (5inb 41~ Cos ) S x=L . M=o so ca= -
VB)= Z£ ((osg+ 5im8) e
_ v F—\
P(G)-—ﬁz (Cos§ - S 0 e
L
aF =P rad o 2
aAp=pradsin(8-a)
AV =~plradceo(f-d) M
A M= pAriadsinCe—d) e
=
T-33
e 2
p= [ prsin s V=-%%, V= “é&-w% ¢
&
- : == = <
P=?#(!—m9) 1 '/Tx +C X+ Ca
Siner. x=o0 , L.M=o
Bo fi=oFy B Ca =0
V= j 2 o oot b-2)de Z
-4 _?{;:LJ
1/'-"—' —‘fﬁ'—s;ﬂe r\
= Bprsinl-8) vV o ' ‘\[L
N KLZ
M:j” P sin (8 )dR j *
ohto I ) 0.04KL4
M= ‘f""’"‘( P~ oo B ™M /‘\
v ' Ry L
bar AB: V=+F 1-3% Ve -
- _”T"'“F(L-'x) K.Sm I
Fa :‘—-——-';L Cos-iE’X*!'C,
bar BC : v=+F i L
X
M=~F(a-2) = & :7';; Srn.—lex +CGXTCa
T=0

68




1-43

v=ap osX=a

v=p A<X<ath
Mi=z2px+c, OSXSA
Mz = px+(Ca Q5 X% ath

X=ath M=03% C.=-catb)p
X=a, Mi=Ma D> C;ﬂ‘(:«ﬂ;}?

\;P '—:_.L-]P
M

1 o a atb
4%
T T tatbp
V=0 M=M:"
_ -(:Ai»k)r

¥ M

M { T | T-44 v=o oXXSA

: V=-p a<x<bta
7"4, - M, - My M:c‘ osm=EA

y-....._L M= —— X M= -px+Ca O <X S bta
Vi SR #=0 M= ph= (,
o L X=atb, M=o, C.= Plath)
\l-”' N 0 o M»b.

T-42 M= i X+Ca , V-'"-C;l =

X=0, Mz-M,, Ciz-mM, - Pb

X=Lta, M=o , C=_M Ll

Lra M '
M,
V + 6tq T-45] v=2. mM=2x+c,, 0=x<3
M L Z V=0, M=1px+€a, J2x=6

V=-2 , M=-2x+c3 , ¢ < x= g
Va—io. M=-10%+Cq, 9 =x= /2
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'X'—"D » M=0 . Clao
’):='-3 M=6 C> :lL/
‘x=6 M=36 C.g’-'l-f‘?
xX=9 M=30 Ce=/20
X=/2 M=o O.k
pl”
v 2KN +
-2 KN -
~10 Kj

M= -3 Px+cC, 05X 2a
M=§P’&+c; aAcx=2a
Mz‘éi Px+¢€3 2a=xs%3qa
xX=zo, M=0. Ci=0

%*=a . M= _Pa Ca=-Pa
=

xX=24., M= %“_ . (3= Pa
X=3a. M=o 0. K.

V .
g 3m ém  Am  q2n ¢
0 Qa /‘i\m‘
T~ 46 M ~ A “ 30,
Y(x)= -30X + {80 0<X<2.4 < p
‘\-4 2a
vif)= -30x+30 24<X<§ 5
MW= ~15x*+180% 0% x224 1-48] v=-3 ., M=-3x+¢, o=x24
M= - |5X 4304360 2.4<X<( VR0 Mispxet, wg RSy
180Ky V=2, M=z2x+ls gzx<i0
V-8, M=-8xt+Cs 10suS14
+ 08 &N V=4, M=4x+Cs s45x=<22
V xX=0 ’ M-_-—O C, =0"
42N — "“j‘* . M=-/2, Ca=-%2
A= 7 . M o= ,8 . Cj - g
150 kN XEOL M<24, . og
345.6 ka-m K216, Mz=-24, co= _gg
X=22, M=
A ’ok’v‘ C . O.K’
' - 4K
ki + |
T-47 _ ¥ =1 -
V=P osxsa -3x -7k
V= =P AKX =20 18k, 24 K- fT
' +
V=_3'p 20 < x w34 M o \/
* -lag‘ft —’*Kft
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7-49

V(X)= —204°4540

V, = —x9x120 = 540 kN

M,= -%—Q(zxz%xs) = 22[60 kN-m

D<K<3

V)= 10(9-%)" = 1047~ 1804 4810 34X <9

V(%)= £500)U6)+5330 +200 (X-16)
= 200X- 5870 16 X €22

M(X)= 416.25 X% 0<A<4
M(X)= -250%* 453304 -10660 4= X 216

M )= 100X 5870x + 18940 16X <22
M)z = 22x34540 % 2160 0<xX <3
MX) = -’32 Kguqox‘.;g[g;( -2430 3 <X <9 3330lb
590 kN v /\ 16’ 20’
360 kN 0 4! 10,65’ — -370l}
v L. 1 ' ~267!b
o 3 q IT148.9 1b-£t
M et T20 KN-m boolb- J0h20 th-dh
= 2160 EN-m
150 - “%(‘%‘3*157‘4% —isky | T=52 | o= -5x4 100 ‘DE¢X €20
VIX)= ~ 15 415 X ~ 2 %* VX1 =0 20< X <60
5 Vix)= -5x+300 bG< X < 80
M()= ~15K+ 25 - = F ‘
M(X) = = 2.52%+[00 05X <20
12T 7’3"“ 43" Mx)= 1000 20€ X< 6o
A_
i | T < M(K) = ~2.5%+3004-8000 60< X<80
=~ I5kN \‘IISKN .
100N
3.66 KN- [\
- 'K m V +
M — \I
' %&w—m ~log N
1000 N-mm
1-51 49,x20 = 500¥12x12~300%6x3 v m
2,= 832.5 KN/m . T %
Y= 332.5 % 0<X< ¢ 0 2ornim gomm  Bomm
V()= (832.5)(4) - 500 (X-4)
= - 500X+ 5330 4< X< 1§
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T-53] R- %(%xi.sxgx'jh 7.5 KN T-56| R- %(3»«10%;40): 75 1h
4.CkN 4.5kN
. 15 1b
V Vv e —
-3 kN -3kN 315 Jh-in —60lb  -75lb
2KN-m %
M
M A
\/ 5T Rys - tx8 Lxxtx3— Lxzmgaa)
-2kN-m =~f7 %
_ ] ! )
5 o1, Bl ~ Ly -
T-54] Ry = Lisxiaxs~3x2)= 25 R =g (2;3*6*3 2 Hbx8a3 - 6 2)
= =2
Re = & (3x1252+8%10) = /4 /"EK\
4
13K or v -
i _
v % N -BW
\J'-Ili( ' \
IR
ST K-
© o —1ek-§t ek
-24k-$t T-5%
T-55 -
ﬂ - o
;4 SV .1
V : \/

P .



7-_5(? z.a ZSOQ 7-63 500 150
(}\ v B +
V 34 40, \J =
0 o 20\.-/, 625 Joo ~e
~2%.0 + sy
2sn? : H PN
_________ 158" \{
M
T-60 a5kN 1-64
:S kN - ” £ - 400 400
V ~ \I V - + > 4 ﬁ—]
~ISkN %
- 45 kN 924 2b-ft
.S KN-m 1-5 k§-m M =
o~ P o 3’ &' T~
M \/ -924 fb-ft
- 90 kv-m 1-65
=81 2,8 = ] .
1A {\ V(kN) \l
V. | + ~ 2 - . 20
_ " " /:\
ied F 20 M; 4m &
M +
~ oo T-66 5‘ N
X0 0
T-62 | R,- 3 (573x40% 4 + 3:40x 1,5) = 140 KN Dﬁ;'\‘% _6'"
. m
0k v v\-ls'o kN
Y} —] <] 33 E kim
~60KN -aokN M /—:—%
M 20 KN-m - ’

—

—go kKN-m
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T-677 3K/0t

30k T-T0

100 &N/
X I Y ¥ % ‘ 2K/'Pt b 4 l J J J_l
137 I 0 s O O 1"{ &m ’?’ 8m ?T
"_5-'- io 5 . io’

l3soxn |
5o

Jo
V (k) /\/] VU:M)o (:;ﬂ — - _150

So04n ¥ Soxn

" §12.8

V ~-450
M (kN-m) 4
M (k-f£c) .
o
‘ (=)
o © .

T-68

, I | T-T1

A5
L |
f-2m . Zm T -Zm I
Q
V o o

) o

o -40
M (N-m) o 5

=) - o
"2 - - M _ 0000 _ 2
‘_2'_.._-...3‘._.1 2. * NS soQ - ./ % S -6_3;- —';'o— =t/ .1} mm
® * S = 7"4“_2 =m.jr, R=4& 21 mm
V‘k) {*) . )
L 5 I 5 use 1/ mm dhometin soled sAaft
s
o ©
v Py
(—’ ("‘) mex = 4- — = :..0.70 MPA
=jo -jo . 3A 3)‘(?['15-5';)
- < Tall ok
load
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-T2

375 # g25
1414 1b/¢¢ $°%° ,Zf’
1
1000* , ﬂr/
X 2'

g’ *
o Q
P (s8) )
=[o00"
ars
290
Y (ib) +) ) &
.75° )
703 -425
M(iﬂ'lb) »
+)
° = FL o
=200
—<
T-73 60 kN
2L
l B c
Hea
Lo KN
P A B C
-~ = |
— 68 kN s
24 kN .
v +
.;_J—.M»:N
GO KN-m
M ot
-4 455 !
4 kN
-’.
P a c d - R
—22/‘13: kN

=24 ¥N-m

1-T5] @ R=- 4x4/0.4 = 40 KN/m
(b)

R KN
Z\g,zm 42m 44m
v 0 0.2m \/
2.RKkN-m  —RKN
L

M

(c) R’: 4% 4 /2 = & kN
[N

I\ 4'[m _4.3“1
YV o m 2-IN

R.RKN-w

gRENM

Mo/

) center 1o center me reaction

forces gives o more accurate
Yesult
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T-T6| @Y R =1ox( /2 = 5 kN &Pa,
(b) 4Pa 4P
CSKN M +
3 N 2.5m 4m
V 0 I.5m _
-5KN 7-74 &OKN
20 kN/m
| L1 T M
-
8.75 KN-m Sy Ra 430 kN-1n 0
TN -m TkN-m Va
M + Ra =12 (480+30x6 + 20x6x3)= 110 {5 kA
Hg= 220 kN | Vo= Q0 kN
a s . 220kN
v - o it
~SkN . .
fHtokN
10 KN-mA V ,{_ l{w
M /\ 660 kN-m m
202 SkEN-m
-7 — 5P ) A"‘\
..1_
1% e L — 1 [7-%0 -
l;—EDKH
3 Pa SN
o
M 0 U + 3 TVA TVB
Q
- A V= %(4011-81305( 0.6)=30 kN
T-T8 | Ry= 55 (-4Pa+ ¢Pr30) = 2P Ha= 30 kN Vo= 40-Va = 10N
2P
(6] e 3
j 20 40 A 4
v X _ p ~
-2p =36 kN =30 kN
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0 fogmm  |gpomm

30 KN 3000mM™  3q00mm
+ P - I —
V - I5kN
-10 kN = ] ~TORN
— 3SKN
+ ]20kN
27 kN-mM \/
0.3 L8 KN -m -
— b =35 kN
M =
-G kN-m v )
e g - hHp
7- 8 , Va 3K ak Fh : ~46.SkNM
Hy —> l R\_f*“ &H}‘w sr:_z_—b 25 k-in ~T3.5kN-m
Z) 7- 83 Ra 4N pm
= 4 Ve * . Zz/mm
Vs = =5 (25415 45X50 +3x30 - 3x1p) = O e
B~ 50 ) bk ISRy | j 1
Va=1K , Ha=0k -
A f H
0 1in _;.,Om 50 ‘{5
g _ Ra= e (2605 b0+ 434
! . = 40X b0+ 4¥40%X720) =
40 K . 20-30 )= 160N
T 2K | Vo= 2%40+4r40-160 = 80N , He= 2404
V =" R
-1k -1k 240N
Tok-in . P +
So0k-in i 0 4omm R0mm
M 10k-in + '
w—lo k-in ' L
S 0N
T-32 iy V -
< AR _
?l(_:[ 204
Ho=5 2.28-m
) T, [T s /\’ 2.4N-m
A ISkN v -+
Ry = =——— (20%3900 + 15xI800)- 7mm Mo
8 = @oo+600) ok l/ _
Va=-35KN , Ha= T0kN - 2.4N~m
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-84

T-38%) &M _

= %04"(" ) 5’

dx?
M(X): — —;‘ %O (X—?}zq}_{:'x_}_cl

V(L) =g ¥ “%o( )+ =0 > €= %c

MWy =0 — -“+-%’-+c o~»c~-_3__%-
B 3

oL
M(x)= El_<x~o>l 3‘2-L<X_D> EPI

2]
V(X) %OL {X=- =N 33—0 (){ 0)’_ _%_a (?(-L;

Bl
2
V R
0 L2 L
M| ST
s 3% b3
2
7-8q dlM . dp . .
- 86 dx _7< i L
7 -5 kN- 1F. SKN-m
M
M(0)=0 —> C2=0
~q0 kN-m
M43y=0 =t C:: }5-
M (X)) = |5 <x-05'»%<x-r>3
V(X) = 15 <x-05"~ = <x =15
15KN
T-87

V ,_N 4m
2 Im Q-SN
j3pkN-M  — 45KN

15 k-1

M - +
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T~ @0, dow . 0. 555
I 36 s

3
H(x):-.%% <x-0>"4 2L (x-3.65%4C x40,

VRN=0 —=(C,=405

M(3.0=0 — (2= -1579.5

o 125

M (%)= 405¢X-05"15705 -0 B2 &-05s 3 <4-3.67

V(x)= A65<X-05"-I5. sx-051- B a-p™ 25 62

405KN

225 kN
V l\

{x-3.6%'

T-32] £M

= ~50<X=05% 06<K-03 '~ 1200 <1-(.25H

0 Jem

&.m

dx*
M) = =75 =05+ 100 <X~0% %= 200¢X-0.25> x4 (5
Mo)z=0 — (1 :=0

M0S5)=0 — C, = |8.7%

M(x) =18.75<&-05 =75 <X-052+100 X-05- 200 <X-0.255°
V (X) = 18,75 <X-05"150 <¢-05'4360 (x-0)" 00 ¢ A-0.255

1R.715M

K 0.5¢
oaN
~13.75

V

0

- 6.25 N-m
M m
M =337.5 KN-m
-1579.5 ¥KN-m
7_’?3 oM 5, 4 -1
{] ?l dx?. = 2<x-0>!’ 4C1.<x"8>* _<x_8>0
= o
dM % + {X-245° ,+C1Lx—24>;'+'2<x-32>,"

x> = A

% 3 ! '
X}z ~ <X=0374 0 <X=0% + {2 <¥=30
M) i, R P 2

VAR =0 — - 2% &+ 4 =0
M(a)=0 = - 3%a440 40,

03"+ CiCx-0%,) 4 € <430

G=3%a
Cz= %‘%.Q

;

0

z - _%‘_. 2.2 b o
H(X)- 240\_0(-0‘) + Et—%‘u\d 0% -h‘T%'QU Yy
V)= - ‘8—%‘5\“ <K-0>74 -,-?—%.R(K‘—D}D-!- %U},q(x—iu

T
2q a "g_%'r‘1 \
q .I.
y e
. -‘;—‘q =l - -1 40,
B

‘g:"%lﬁ\" rr‘._%,&
+

— 2

~-Ho g?
25 1

M(X) = ~2 <X~05 4 0,<x-83' - 5 &>

+2 -24>74 0, X-24)" 4245327

V(32)=0 — ~240,~24+8+(3+2:0 L=
M(32)=0 — -64+24C;- BR+32+8C2=0)Ca4,
Mix) = 20x-05't 12x-8>'= L4xys?

4 1 CK-267" G <x- 2y + 2¢x-32)

Y(X) = =24%-D3%4 2¢X-R>% = ¢x-R'
4 <x-24>" 4 44x-245° 42¢x-325°
10k

| SO

#3



=g x>~ 8 m9

L

A =% Ragg t =1.96x15 "

ET ;—"5 x0.0012F x 0,125 %3 m?
2(4, 56,::?"’.; 1.96x/0 % 0.094)=373x !55
= SwI _ s85x03x3.75x1075
M c T o,//1z25 S
- = 0.003 .0l -
3-3| - 4‘3;" 4.2 % = 1gxi02y
I.=0.1RY= 0. (0.008)*= 4.51x10°"0 m

R -4,
200 A= 145 /0D + A= =1.005x0 "in
P 150 x50 + _ "
AN I_——J —[g 200A50 N 5 (0.003 ) (0.016)*
i 2
N N S "‘.’" mm +2v4.51Xp"1°
\ — e i
-4 "
J u H 32000 (-’45’:!00: +2(1.005x10 J{1ax10 1)1
? -3 4
pory- 2 50+504/50% 125 = 2.91¢107% m
Y= 160.4 mm = 0.7/5m M= c (o.Oib)
I,_.,_'2_.;(p,mgxp./’-fp,r45xoflx0,l7'f
72”‘0 05 X0,/5 >+ 0,15 x0,05x0.025 ¢ 8“4‘ T _ 12
B} 2 T Singg?
.7’2_ x0. 2 X0,05%4D.05 x0, 2 X 0.125% *Mm
= "3.3617\#‘
= 3.34 x/pj‘ m*¥ i 12me
3 -4 X
M= QI _ /65 x/0°x3.34X/07F 347 9
e b.45 KN-m
1= _us 26)(24 P+ % (5)( 12 + 4(Lxpx2)l4
i "
From Table2 ﬁ;f _ " J‘MZE mm4
) AfPeﬂd’;X :
> - _ 2 Lz5 oy 1 (165x10°) (19422x10”"
- r==Rav = = =26TN-m
m_“: "‘ I = M C (12x1072) o
I r = p. 094 m :
) ' I,720.0957¢ ;e.i:, t 3-5

1= 6.27 in%, A=d 75 in>

T=22-0.987=2/. o] In

Ewd "x Vo " aﬂjm

- 1= 4(6.27+4.75x21.01)
/I 3
. " +Ex<—=-—_145‘.5-3
"43}5«’%.: = ,D 28£ /n%
N _ w1 - 28x/0984
—~ Bl mies =22 J:.
= sovo k—-ft
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36 £ 310x3| Ac= 3930 mm®  |R-3 4 L 6 >:
’ - bpmé A
R T R BT
ZL—- 3% X =177 mm » WI4X%0
'rwi - I _ s L--.-._..—_,_,)
T g'a - 3{'.)(2. 14 [/2”
: Wheo *T4  Aw = 9460 mm?
=N T = 333% 106 {
A I J
= (3930) (17-T)+ (9460 ) (T- 16t 457/2)
¢ (3930 + 9440 ) ; .
I= 362+ 2155 (10)00+ (16)(7.75 ] 2286.7
= 71T mm ( From 'baF) g (28(;7
2 -
. M= G’E = W?S = ) . 6652 k-in
T = 333x10% + (4 60)(IT1.T -235-66) 2%
6 - Ty
4+ 1.6 x10% + (3930) (1747 ) %-9 ,3;., T R
= 467x10°% mm* 5
@ N I Tf;_(a)(‘fa)a= 60750}
-6) - ]
Gyl _ (U6Sx[03)(86Tx1070) .
M= = == 263 KN-m ik . 60-750° 3
E (2225 x (073) o Lig Tso " 350
81 m—— e =
A(mm’) E (mw) A-‘é (mm3) T VEY{I\CPJ a/(’\_() &
@24—00 {0 24000 XY j ‘ Iz !_; (qa)(o‘a)z 0'75-&‘5
@ 4480 lgo  TI6300 @ ' %
1) = 0.150% o3
) 4000 310 1240000 0.50\
_T_% S @ (]J) %—30, — h l
: orrzon s -
7. 24000 +TI68D0 1240000 _ 182 mm I ‘ , L ' *
- . ,
92400 + 4480+ 4000 T T= g’ 2 (g e e
i - 4
T =}5 Gzoytaos (2400) (12) 73 T-L Yoo | Ralen
At 1jc = 161580 - . 7p°
F (4430) (227" J+ [ 73200) (205" 4 (00w 1287 verhiaal i =B T
= (63188587 mm* b
63133537 mm 2 1= E(sa)(a]ﬁz[—,‘_:_alam’]r 4.7504
= L (165¢10°) (16818858 7x10 )=152m-m . e
C (182x1973) I Tle = -l K 7
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(c) B bt]THr\ aXes: ié dnd Pl e 0.3 p frm the sinple sugpoted bam
- 1= (m(s00*+ 5 (4a)(o) MA = 0,56 KN
rl r l = TO"?S&q 8'1
i 10 75&4 3 T 4X(:x5-3x243.5_ "
. I/C=_5.—5'a—=4-30\ d 4x6 - 3xZ B
Mc=0X. /5x65.5_ 5,0 k.t
C - f
%_’0 Sx:é S,ﬁ:.ll Sal'T )
Cx C‘Q, lM-,-:-_ﬁ;I__ 103555_23'KM-_
53‘0"7‘1'13;(:;_22%&":833)(103‘%3 : 2.83 .
05 /2
6.53x10° 8-14
12412 = Q4x10° mm’ ,j_ (8D-£20-60) — (I - 30" 70)
(90-120) ~ (t -30%) 0o
stox lgq,: S‘: .ﬂ.r'i_xrgt = Zg.goxroﬁm"l? MC. &I (l.{bxlo;)jlo 4?5’/0 ),uo_‘&s-m.ﬂ
356/2 o-06417 -
1S1A106 Mr= - Uoo=ro &)t 483a[a -E
> = ?‘?Bﬁ"gl&ﬂog mm? = 0.05583 e "Pym"
C 380%50 * §¢ = ;3;,",’;’ = 638x/p* mm? 815 T RN TS
= 2.81%/07°m
Sy, = S oot 3  @c=Oiea= My g
4 (8‘)!4"20) v el e S0mm : -2 +
. I = U-b210"XS=10™) (0. 12{ . 05)
o N 2.81x107F
sl —— e
8-I1] o= Ee = (200010°)(0.0002) = 4oppy zz.5| i Tl Ml 16 BB
' &) 1= U- 6= 1025716 ){-05)(.035)
M= @s = (40x10®)(1460%/0%) = 58.4 kN-m 2.81%10-5
= 8.90 x 102 MmN=8.90 &
2 . ’
W= :ij = EﬂEQ) = 6.8 WV
8-l Mgy N Mg
8—‘2 ﬁf-"‘ : F=5A1G-dh:§‘A|TdA= :E‘YAiﬁdA = T
- s3] T .
' i il RS I
I N-A + )," . J=m  I=mrorw’
3-:6 l———l .L.I"- ] .4..1”20’?03
!‘ ,2_* -fo—h- d— 120 2
4 2
GA"‘ Etas= (zoaauo?} {5Dx/o‘3) --/ohpﬁ l *QZC ’30)(75)

Ma = Cﬁl’— (10)° (2176%167)
{ 7x1073)

= 3/08. 6 N-n

_ [ eliEE e ] 30

= 03,92 %10° mm*?
41

]
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Mc _
1

7 164
5
e o- |
' T (556800)

(80x10° )(qo)
43.92x10°

K= 164 Nfym?

1644109
—3 !

+ (60x20x) =5 56300

ommn | ¥ T= (3ox120)(—=—

[%(boxmxin‘fxbo)

+ 5 (30x120)(164~109) (20)
4 (30x120x137x75) §

= TI.mm

T20= (556-8)(T.3%107>) 2 RO kN-m

| M= T(2y"
= 3.5 = = m
% 2(57.4) '02?".0 R o
8‘20 Ixx = Jo +Ad™

Ci3¢)

(b)= 2 0avcA
E' ( 500-?300)([:)4-;’- (200 )(=2)012

—_
=

= 5'Doo Ib

(C?T = - uooo} (5)(=2)= 5000 b
. zame s b).

- . _G
8-19 4 d=Fon i
o TSZea=zf Tl udx

= M ro5
TJO (0025 ~% )dx

=M x% 1%
(.aasz- - )]o

&

_ (350X 103
W51 7. | -0025(C.05)-

< g’s .003x5

= 59.4 KN

3
%&_é e i
NA L. X¥ " dA= x’dgcb(ﬁgi)iz

3
i/ Vlr‘ =b£I__leﬂ

Ixx= Io’f‘Adn
lo = Txx 'AJA

L—t;—l
I’(J's = h a2
bfy (F%)Jg
=b (34> 3 ?433
=p (L3 3 H0)=LbK
= L pho- (b))
- T
= FA K- mbk= gp kb
4
T= J6da _
4A=x'dg=b(§-#)dg

- T:_“Mﬂ) b{3- f)da

7S

= 3LM =h
j )43
= 36M _5]!
- (34~ )]
= !6!‘4: 16(4000)(.-0—6)
9h q(-15)
= 47.4 kN
oydA
" foda

J Oy~ 32, 3"(3'3*7?)43

+))3

....56#1

_ e
=M

31._ lé(4-OO0) = SBmm (frpm NA)
27(474)
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Tension at 'toF and meressfm

C=T= 47.-4 kN ({frm eguih‘br?um }
at  bottom — Neaaifve moment

M=T (Lever orm )

lever- arm = g"""?cz ?

g_ﬂ—-— T = .._ii’g?———'- - 05 .
fe=— ¢ 474107 Etep* 0. 0015 150
= 34 4 mm -I-ypm 0.000125+ 0.00l15 ) 125

€4ep= 000038

2-2] o |
2 M= Tc]a:‘hh"" ! .= G.er = E ehf = (QOOxlog)(o.o()ogg)z 76 k?&
M e G=zh0 (fensten)
Tx= 2l tEmst Y ) Endttont 0.0005 _ b0
el -r;_l(ﬁ;,)(\rg.;(a?;)’]:,"a 0.900[25+% 0.00115 fepte
Mz=_ h*6G _ NT 35 € yottam= 0-001507
h /2
Mi_ 2% = Oy otton = B Epottom = (200%10°) (0-001507)=301.4 kf,
Mz~ E o = (wmrvessron)
&-24
8'22 I=3 [("k‘)dﬁ][ﬁ(}-{g)qji}f@]—kn Cb=‘—4-59(-—qé-’-) =300 mm
4 - -—_—_;511‘)«& P = Eave. EA
N P o LB

®x /2 Kag - d’(.—.-—-(r—.f-sk)(f-g)-’ = ¢

S= 'I ECH‘:‘SHC{—-K)Q 150w o
—EY 0w = T M

i l = 900 KN

g'i_ '?‘xs[?k ~rok+i]=0 k:-""ori
! - ) "
k=% -.S"z' (a4. ) g-2°8
k=0 s=Ea° | g= <
1t l"z’-'T al "2(3){[)1“2(!)(5 6)“25.‘6)
c'_ S _745 ;—,;_\ ‘— 2 (3)+20)518)
= - o = 5 i3 “& — o
‘ | -t 1= (5)(2) +2(5I'J+2(,=1(:)
/
- /g = 5% 6=€E‘~'-’i;ﬂ- 3.46° 24 51 ENELEY
2-23 0.025 =16 P = .5+A in*
Epg= === 0.000125 SR
A8 20
200 ' p= €EL (900710 ¢y (3o~ (0 JUO )(34 4)
ey T Jete-8)
Co s 2033 o 9001 : ]
€ 200 ] -
= 3&£.9 &-.
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8-26

‘ E
_106(35 ) (135 )+ 200 (25)([25) _* n= _éib = %g— = 2.3254
B ? (100 X 25)4+(200)(25) - =87.5mm
o _w*_i—f T = 5 (108 108X o;;“? T--1 (200 )
_/2 = * - . . 3 = L X40 q’o + D 3
r TP 4 2 0a5225% (038X 2X-03]S) 28k N 2[ \4a)(10)’+ (4£0)(25) }
20nm |57.5"“ = 3, 7? % [0 ‘m"' _ ,0027?’ mrn‘} .
= (S F)Ni)= 3F KN-m
i " [OE™YS 4on10° <1
Zard b for F octing up | M= " 1 5.35p (00210
G = Me_ (. 68TF)(. 0878 . 20.000 i c 3 =867
. (3.79x105) 15 1 (20%107%)
Op= C64TFX-1375) % 20000, Fe 5.46 &N
e F=EfLe _x Guas L 0x(0%) (100278 1 x10™")
279207 45T Ty ornsg e | MaE c“ . Laorin®) (o 13| - 1337
for F octing doen > (30x1673)
- (-686TF)(. 9875) . )
Gom HIDC tomre | o | My Min 362 W
Ob = Cé47FIC- 1575) 20000
- ~F=551. |R-29| pe =200
3.79 <10~ /-5 - n £, Tsb 2.325{
8-27 T= & (20+30¢ 57 2607 = 1615314 mm*
h=E¥L E'r- 5 ZMua=0
=1 Gy 1 4ox10b (16f58 4“042)
— 150" n i
T— - mztgia:lsocaao-gx%i} M,W = x _2:33%5b
i B ~ c (30x1073)
] 2= 135 mm, (300~ §)=165mm Al tarnative
l i MA " = -m
1 - I=g'c:so>c-:s5f1§(.::sx-m§ 126.4 N Solwtion
) :4;o1xzo"‘m‘ %-30 _ Es _ 200 _
L Ge= :.stquaomo"x-ias), 0% Ew 86 = 23155
I 352‘;?-71 (4. 09 =10™%) ¥
=2 ) =119 M- N/m> 3pmm é
[ = (24000020101 (-165) _ - *
- (409 x 10™%) 76-3MN/m - ®
Jomm j‘-é
i
8—28 Alternative So/u*é'z'av; e 40mm —4 k—— 93mm ——A
' 1 —  (Q330x15)* (4or30245) % it
¢ (93x39)+ (40%30)
> 1= -,%(95)60)%[?3;30)(‘1;# —,L:(qé)(aofm,o:so)(zsf
I - 1054440 mm4
Alternative solution
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g-2%

40 12
f T
Eb:BO i? | T'
JL o LD_-%‘—T:T'

Sinte the cross sechon s Symmetty

aboat the horizon tal _om‘s fﬁbz 30mm

The moximumy stress n steel s 4oMp,
The mayimum stress 4 brass

=40 (2)(22) = 258 MR < 4omi,

The <tress in brass o contuct surface
g, = '25&( )= 17.2 MB,

The Llexural Shengﬂﬂ
M= 2] (5406 26860% 255 + (80110 17.2)x 0.025
+ 5 x93 100(25.8-17:2)x (0,024 &37)]
=862.4 N-m

Since "the Cross section i<

3-29

symmetry about the horizontal avis |
ﬂ\t neutral axis IOC&{'QCJ at midaﬂe.
The moximum stress in steel i 4oMp
The max imum stress Tn bmss

&= 40 (,mo) [7.2 MPa <40 MFy

The Slerural strength
M= 2[5 20¥304400+ 21 (5x10x30x17:2)]x0.02

=G96.4 N-m

8-30) — oo I @) dy
9" 537 200 dy, + g0 dy,
000(—+86 B30 0
i 200#30 + %61‘30
= 24 mm
brass :
. / L7 ‘
z”fﬂ gw

The macmum siress in steel ro dgup,
The siress in S’reel at contact surfuce
s = 40 (5 )- 10 MPg,
The maximum stress n brass
6= 40 (52)(35-y= 258 M <armp
The S%r@ss in bruss at contact surdoce
Sy’ *25%( c)® 4.3 MPa
Based on these Stress %um%ijﬁes
T, = ¥ 40x2x4p = 19200 N
Lig E’xé}OXGH{J = [2004
{,= 40x30x4.3 = 510N
(1= %vagx%x(‘zs.g-a.sk 200N

The Flexual SJfren%H\
M= T, x 0016 + Cix 0,004 + (2 0.02] 4C5¥ 0.026
=T55.76 A m
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G_Mf ﬂoﬂU‘ -2 2
M= ot 2 05444080671 8-33] $rom preceo\rn% problem
o (24x107%) '
Trax = 163 MPa ot middle span
3
b Tl ol ibradione™), py, | 0 Leinsiion points k=15, S=Foorm
* -
* (36x107) 5,,“ = K ‘%z 163 MPA:)"M:S%-? a-m
Mmax =M, = 756 Nem 1M= go-féc;-x - 90'2%'::35.‘).-/05
=
3-3] 7. = SuEN A _ 8o o) dororatnt0 WS e
: B 55T x §O+4Hx5Dx20 :
S £ L TSR T
= g6 imm d 1o ' P20
= < = 4, = 2
xEC Y dA = /5 /05(/_.._-3‘0.‘9034.53.&.20) M- S (5004‘[0‘)(0'0]_)1/6 _ —
+ dox'?a(ﬁ‘”'-wa+5‘0-2o-3&‘) . K .52 - 5482 456
oo f.-lx/o" P $ -
- s e (B0 — D
O;—E’(;)* Y= 15%0° A;Xlo‘xéo H 2 ) P 730??4’\.{/"4
~2x/0'°
" &-35
=074+ m (MPa) .
e ‘ L e O e
S N = /2x/0 3 _ I X
(Zz) ¢ Prp HOoxtox /D MW o
wt Mx= 22 (L-x)
= x
:298'7,"’194 U= ‘-M" 1 (- A
jc» JE_;J" 33}'1 Mxolx
2-_32 r=_4'..=._ ‘J—S;— - ! L \a 2
g 20742 r=4== U —__Ij ‘*q_—“(wx'l_a-zl.xd—x")d'x
we can ind K= 1.5
. - s "
at middle spans: 5, . = -Mg”"a -‘!f;‘;o 351{ (U™ 2ex¥e x )dx
_ = 163x10% s =163 MPa : = ‘;‘JEIJ‘: ( l o 5.)
at transition pa‘rrts: Mmoax= Soxlboxgo _ i
- ‘; o = M;LS"
89:4‘245 -!?2-“1031\?-01111 §x30EI
= 7 with 6 (2 ) Gmax
( /:1 ( I

Qo = K'— sl 'qz’”" ~360 M Por

Ié X AT yx:}cE
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3-36

at Mv, stress is constant and C=T—
Area obove N.A = Area beloww NA

M= —px iy Fuxd)== (L1152) (300-3)
1 —T- lai *
1=+ M* L oa 23 = - + 2380
dx = xd= P L ) 4 = =
0 2T :EI o = EY ¥
v 4=212mm
a AR
e s H‘ss (42 ¢E My= Gy L3 ()35 (=32 o Nanks,
-}-(.021)(.06’8%-25_2&)]=/.=?8/0-35:7
= Ooe ()
MU=/-‘7"10 4_227
M'd £.63 =8 5'?
23T oyt - 5 .
i = 3-41 -
My=6y (Fmr7)C ""‘“) gz 2(#)+f;)[}s)(; = 1./88"
My o 8D , _ ., 5
J éw -7 == (4. TR O 7350+ = ( $)3.5)
332 + (23 )¢ 065 = 5.54 in*
. OuI (-2 :s;’ Gax-5) .
-._;_ ) _ Oh1 556
My=<2&= (S5 T2 (os')} My=Sil= (220 )5, = /726y
= PSR Oy for ez-uwl oreas ,—> NA in flange
-3
Mo 67 (-1-)&2.}(-!5)(-!)- f-owre 6'3 L4X = —( Ly +(=-X)4 > x= . 469 Srom ty
Mu ' i :
iy = ,7._‘;:/;0”‘6;_: 2.00 Mo = O (. 487 @) (2Z0) 4 (Z2) (133 4. 031>
_ + (031>(4)(-2-)J 3.5¢ Oy
337 | w200x36 y
v 3. o
= 380% |0® mm? S=342 x10% mm? M = X ]. &
4 /.98 0y
M . 30x0” |
Mgp  342x10° §-12 |
when ultimate moment occurs,
3 -40 He neutral axis Is i3omm fom bottom
' My =22 (0. 150.35% 563 % 15™ 0y Mu=j0-g +4dA = Gy fyda

=200 %107 [0.2 x0.05 x0. 145+ 0.05 x0. R X 0.05

+0.05 % 0.03X 0.0[5+ 0.425%0.{x0.68]

= 599 kN
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3-46

JOX R x 16 +lox(X-2)x &

8_45 () . -z+=
| 20 < T ~p
4.3%10

L
6o
- MG zo
~e X0 e
Strain Stress.

M = 2 [240x 20 x/00 = (Go#o)-rz'*mxlo%}&a
= 72.96 x/obu-nm: 72.96 gﬂ-m
_ R96x10% 80

(b) 6;.
2717 x r0é

= 278.7 {d,gm.

T —-z.e

x '"‘ 4L +rox{fa-2 mx.)x;c

2 = .66 in

Hlw

I

M:/bx.)x;éx'(a_&‘_ 1) +/0x
CR.86-2)-4 (226622 ,
2 -

0. Q46 L. 24
g ks £2E

0xF. o0l xq xS 34
= asaf

K~/n

é
é-.- 6;“/5= 278 7x/0 T R
2ooxr07

&-47

r00x48. Lx)0¢

é"ES ==/ 6 1/534- /. 38 x/o-3= -0.22x/0

(el 240 275.7 257
? % -33.2
+ —=]
é E\A B2
240 e .
residead Stress
R-14 oo
- -
30 340
750 240
e 2
30
-7 ]
Stress
M= 2 [360x202240 % 170+ L2x20 x200X(E4572)
+240x40 xzon(/.;oq» Lo = J‘“’ XA %

2
DO X —
X3 /0]

= Qe xs0% N-mm = X4 KN-m

@ M3P= q:,I = ?o

= $4 x/0° N-mm = 54 KN-7

f I“ Mu = Zooxgox 200230 +

/oox.uoavoox bo

mID

T /jo8x /a Al mm

Jeo _ 5
Stress =08 kN-m
©) ™ MC . /o8 x/0°% F0 AL
max, = - L PPy, “/D‘ = JO_OAIJ:‘
T R = 200 MPa
" \ 186. 133.3
) + =
I N
oo )

residua| stress
/

C=100x60% 5 x/33.3 +/00=d5x L xr00

= oo+ 2238 = 425 kN

|T= /002 75 % 2 x166.7= 625 KN
=T '

345

—e - M=[3sp x4=ox (40~4) +
}mo E'K/Jooxlsxfoxssxgx 6]

/62 xs0% Al-mm

F= %‘ﬂ’f# p= (o2 KN

ZMbettom = 335 4/_.; +400 (L2 +220)-435x
' & S X7t +a8) =0 -
= e}ai/;’&rfkm
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S-4] SAEc YpdA
JAEidA

= Pox/SxAQx20+Ipxdoxbox 40+ 20X I0XI0NO

e

-  /ExDox 40 +/0%30%b0 + JO KO X 30
= 46 mm
3
(EX )*=' j‘ EiTadA=/ox/os(£'éo'40] o
Sx167( ,; 40°30°+ 40.20.36) T |
30 = 103(—' 20-30°+20:30+30. )*z:,g,qo

e 180mm ——m—

‘T

k30

k- 50—
150

4*

K

s x —_ [
Gyl = 'j,=/5'x/o'3xz-{—-——-; 2 x40 - (30x60x30) + (10760%40) + (50x30% 753 (15430%30)
(& e (30x60)+ L10%60)+4 (150x30)+ (154 30)
= 234,375 MPa _
¢ = 6[.43 mm
3  Jox/o
6 E:;(gIJf ?; /O X/0 K -———-%x/dmx.z
] a
= 78./25 MPa T = E(BO){BGJ!«} (30%60)(31-43)
é
Os = Ma — oox L8 x 40 S 3,0 2
<2 Ea(EI)" &s = 3ox10°% e +2[36U0)(60) +{zx10%60)(21-43) }
= 44%.75 MPa .‘(;50)30)%“50130)(;3_5q)1
#2 {m (15)[30)3+ (3x15430)(18.57) }
8“40( (&0)(10 3)( 17?)__ £ i
A Gotaoe | L EMYm? = 4.06%10% mm4
Ose = np-MC= 34 ($0)U0 (. =Y _
- (3.0ix10™%) b W : (Roxt08)(23.57) _ 563 My
Al (4.06%10%) ‘
p— ¢ Est g . 3(0x10°)(6]-43) =303 MP
o - Ew o | St (4-06x108) .
h= _Est Soafo‘ o
Te= Z(askors* Fei5*.08) 8§-52 5 Ew  fzx,0% 2;5-” i
= 4.47x104m* a::irm' P Steel st‘:‘: x =57 (tep)
O = ME o EIUOIE) 4 B afl e Tilestnd
ST CadTa0) Mg i (£)(S0)C ) +8CNSI+ CUSDI2.78)
102X L o
= 3-07” fram Lop
E. 10

91200 16>+ .f_lf_"g.)i (e L8>

4

= 438%
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My = O-V‘C-:[ .(_!}7)?(_%5_.6__5)~7f2| K-in 3-56 (q)sz,%*l‘ L‘E’é_iLassxfo"'m
N |

_ M _ (2083)C107%) _
6= S B33 oS 25,0 MN/,,,:

L Gal | 0)WSS) )y oo (contrl)

Msy = =
N Cst i
l OQ) (b F=.25m, ro=.25+.05=.3m, ré=.2m
Est _ 3 R=_h ai ;
8"53 n= &3t _ 2 = =25 LnLro/fE) tn("3) = ,2464£3m
EN S22
) P = -1t) 7 .24663~ .2)
transformed steel — 2.5 “x 72” 6.;-. MCR-TT) _ (2083)0/0 )-(
RA(T-R) (-2)(.005) (2= 34663 )
- : N/m2
_.___334‘/..2" _Jg'gM/m

G, = MUR-Y0) _ (2083 )(s0 %)(.24463--3)
GA(T-R)  (.3)(.05)(25~. 24663)

= -22.0 MN/m*

- (.33)(1_1 3
It = """_Q_:"% a7s$o ¥

Mst = S0 (475D) P
cas) - 633 0 contmis) |
Mw: /-2(27“) 750‘:_(\; (C) F=.975m . ﬁg',/l,s-m, r,_‘g.o-\fm
- J
= = rn
InGRes oas) . 062/3
3-54 O; = (2083)cs0 é)(- 04273~ 028D
A a F = (= .,
steel/- romm é@&omm:??yzo“% T 0382¢-008 (- 0r287) =4 %
L : A= kd
_——m‘m(?‘?‘umﬁf}( a5-X) d=.s26m G,= Rof3)0o %) (. 062/37- }25-) 5-?/%
" W-VER
X% = B e P C.raso¢C oo.f')( 7
Mt = G5t Ast (d-x)=(150) (15X G, 82510 = R-57 2= A i
J:sgﬁ =C
— r

(. /25-.089) =19 KNP fom of sbob '
(dA_ (axdr
jA"F"‘f .

=(7 =
j 2650 )
o T+cuos

= j T 2CC+casa ) dat

0 Faccoodd
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10-15

F—— |50 mn ——3

-
S5cne

4
Z2ome

0 @ T
tomin

J 1R (%4 mae

f
bomn i

L

7 . (50¥I50x 1654 502140%70)

% (50%150 +£03140) N4 s
1= 31507 50%+ I1S0% 50 x 45.36"

+ -,|5x50 x Jap3y 507199 x49.167= 45 67 x(0°

G=e
_ (0-24)(015% 0-025% 0-05836)

L= (55-31‘207):h =132 mm
- 2x32x4 x50

= = =423
4% o+ 2084 >

10 —

T = 25 x4x1320120"+ 41132 ¢7.652)
+ S5 FI66x43 4 16074 £ 42,357
= 2314110 mm*
mid%ei%h’c :

Q,= (B2 74)(90-42.35)= 12572.6 3

- or 101257 6x:0"7) .
= T 6T MP. . GcorigHl = 136 MP,
L (45.67x107%)(0.15) Al (23 1anpx 107" )4xI07%) a
~. - 10.24)(0.1520.05%p .04588) _ 12.05 Mh
’ (25.67%1076) (015 01 0.05) 3515 Mp, centroidal level:
= (0.24)(0.95x0.12 % 6.05914) _ _ (120-42.35) (126-423%5)
@sbmens) .05y 31-20MR | e =[12 xR ] =
_ (0:24)(0.05x0.06x0.08414) _ =137264.95 mm?
Te - = 28. 11 Mp,
L4S't€7xm ) (0.05) % UODX,G-B)(,326495;;0'9) 143 P
%=0 T (234 10X1077) (@A1p) S
l0-16 I“T"_-:-"(ZOOx_;ooj-lgpxa;p") :
= 254.7x70% lo-18

Zmax = _V& _ SDOXIOJx(o?WMxB?.S-*JJA':xM_g
Iz 25¢.9 x/06x £
= 42-3 MPoa
Znin =

-}V%z-: $00x /0% (28 % 00X /372.5)

Q$F. 7 2708 5D

= 27.0 MPa,

27.0 MPa

42.3 Mpo.

(@Z= Y8 f1d(§) pue

, _g= ;’t—z‘-{'ﬁa:(;:- 5l 3
J = ¢
, =3':‘(b#'—y")a
b a8y
—t ==z (h-2f)
da'
¢==h
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(b) v: Tit ” (]00)(_3!5’25)‘503!]?.5)

@) Q= 2x6x1.6 = [3.2 in3

. =41gen
37 12.5x25% 52 - M. GED
I (230-9) - ol
- h Parc\bol:'c dis%ribufim F = (41.58)02)= 449% |b
hiz
= ) Q= 8x2x2.4 =38.4 in3
_ _ V@ _ ooy (3R4) _
0451 1 = 2(5)0:16)% = 1. 072710 m# U T T Taaepae D 20T e
"{:‘:D
' [0"2' ™ g 3 i 3=y
. 2 p.k& l=— I 3 IR PPRN) 5]
T, = (5)(Tx00%% ) 120 4B 77 (15)(200)" - 2[ 3 (25)% 4 a5y
(1.0%2x10™*)(0.04) = 43 |X!Obmm‘*
_ ()0 &Y g "
E 1.022x(07%) (0.08) ’- 5k Q = (15%60* 70)~ %(25)’(4“ 5'3:—;5-)=?65313
(5)(2#6:12%x 0.0%) T it (50)(43.1%108)(25)
= 2 = Q[’k e = ,5
= (1.0921074) (0.12) 4 ) v & 265313 2.03316° A
_ (5)(Ly06: 58) e M = GCI : (iozl)o(aa.:x:;on = 430 %1% K-m
s (1.0%2x107% ) (0.16) o RS
[0-272 j;&*: 14x2x (1749) + 2x4x (2t2#1)
14y2x2 +2¢4x3
=9.6
- _ V& _ (400)(2x4x 7.6) _ :
L U= 7 (2pe0)(2) - HE P
]0-20 dM  3t+2 _ . V8BS _ (400) (2x2x4% 76 +2:4x2.6) (6)
V:-H:—}?_D.SK F T 2640
= 4yEx542x37) _ 3.4:n =173 1b
b L4yp4+ 272
, 10-23
1= Lyaxg®+ 4rpxiib
- = 25x150%12.5+ 25x¥200x 125 + 25x 200x 237.5
" i_;%,,,zs 4+ R¥2y¥ 247 %; 25x150+ 25x 200 + 25%2p0
= 230.9 n* = 135.23 mm
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I = 5us0005) + 1150)(25 ){122.73)"

+ 5 (25)12c0)°+ (25)(200)(15. 237"
T 35 (200)(28)°+ 200)(25 ) (102272

127108 mm?

H

2x3vo _

2F _
= e

N
Y = 4»1

(D] §==

= If_ smxnoi<qo _
Vj,_g o) /oo x Sox /40 sgafl
. = /9 32 kA

upper na.?h"a(? Governs \/,.. <1353 ki

g1 _ (5ox07)(27xf)

[0-25

I= Tiz' (30x220%-.65%140° ) = £6. 12x10°

L 135.23)(1000) =140.8TkN

T14 ook ) (i) (25)

B =40x30%90+ Tox15% 35 = 324750

it (om0 ) (Shlaniob)s)

é <t
Jou X 2Fox @0 = 54/ x /0% mm

/. SxSalx o520

(@) .
VPL ¥ @ 220 x s % 116~ Jo0x 180X TO
= /330 N= /8. 36 EN
6 =
b VU-rJ = If - $Gi> /0 f=576,3~$"f
& /oo xdox200
o e - _ 1]
‘fh- \SF - 225’0 = B0 1w
Vu-nN = 474.25 x 20 = /3525 N

/3,53 kN

Pl: Q ) (150125« 122.73) + {252 HS. 232 5 7.615 ) V= R (224750) =5 RN
= 501.CG2 KN T VB _ 5:2x10%) (40x867100- 150122 7%) -
g It (5602 x10%) (2x12+415) ks
b . AT (2) (127x10%)
37 Q7 (s0rz5x122.73)+ (252505 85.23)
10-26 I:%(J?S:{SOGE«1{){,::3003)=lm’?ﬂogg
= 443.15 kN
&y(ipTTYi0”Y)
_ﬁ g [N G = BT - 3
tlevure controls — Pmac = 14037 KN (250%10°3)
_ TIb  360)UeT7x10°6)(0.1) :
= = :5?- t
10-24 | Vai‘” G\ (0.05% 0.1% 0.2) 3K
2 ZD% 4004200 + 100 DX LD + /00X LOX FFC y - (bec) (107721678 1(0.025) =58
gb: Z X 20x 400+ (4L+E0) X /T “od T (65x0.1 2024 0.035x 0.15x0.075)
= sHo
= Vallow = 5.
T = /'_%(wawos-/ooxzé’o’) +/4°"40"“"—92" V Kaniabiz § B

| IO'Q'T. gu B,

(10720005

=2.67 HFo.
— «4ox1503

(10%)(60r40x45.)
-T;-xéox 150%x 40
T 2.6TMPa

e

A

—
\l‘ 2.6TMba

va

y = 2.4 MM

T::

|-

l\?-4MPg\
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10-2%

Wigax%0 Ma=Mp= 3,%4 x20x5 ~

=
3 x4A5Ts s ko fd

Va=\Vg = -%4\’4)(20—5'-\:4 “zo0 K

V)= Tupper X1005200= 20 kN

F -

t
L= T Thtbom )L 150X 206 = 240 kN

|
FR = = A (Gboﬁom)gx IEL}(ZGG = 260}”\'

D‘A: M~ (ISvx/2)ms.0) 3
¥ = 0. /8 kst (Fr-F)x100
9 (hensife) V:.'.: VS [;0 = ¢OKN
- 20kN
g = Md2_ _(150x72)x3.4) ; = 20kN
T 555 = £.324 ks, 20kH 0
~ Ctensik) 240N «— — 260 KN
(e= _ VO _ 20 r :
It ﬁxa“j_/‘ﬁ-ﬂxD-?JM?-a/—o.:B?) '
T 42.99xp94xE51+270)
- ) [0-30 2y
= 3.40 Ksi T
/) / 0
Za= VQ_ =zo = T
e 7:%0_ L4 5220.2/x(9.01059 1-1? hi s | 4o
*+4.27x0.44.x 3./53 ]
= 3.5/9 kel il = T
g ] "‘F transformed Sectin.
0.0l
e | 4 5 ] ke
ki A ‘_‘J s I= ,"é' (150 % §0° — 100 x 602) = 4. & x165mni*
—_— A —
3.5/7 &3¢ S-<0 ksi 7T = V& _ §x167x (/STx/0 X385 +5Dx 30515
- It 4.6 x /0% D
!0-2‘? ML’ _‘5?.;:[091,;_42:43 KN+m = /.63 Mfa
M. - 2x{of*).3=52 k-
R 5 [0-3] h= Eulg}‘:?
I :T'ixc.'z_xﬁ.f:&_gxmham‘ _t w 112}12_?4
o =
Lo’uﬂ,er)l_: (Cupper )= 0 E _ (50x324%475 +43% 450% 225 + 50¥ 160X 25)
>
. Gx324 + +50X1
e . My (42Yo By " 5 4§x450 + 50X 100
bottor) = 7 = o oM fo = 284. 26 mm
. -3 ] 3
21073)(6.1 e - A 3
(Toottend g = < f(?l Sx(fo'f))=l7.33 Mpy |1 = -3 (324%500™ [60¥ 400" 1T6% 450°)
) +(324¢500x 46.26™- 100X 466 ¥46.26- 1 76r456x 71.26°)
T gy e w, SEDVOPE Iy b o g ol s w
WRY T Tt (assaohe2) - '

0) (Twh = (20%105) (507324 X1TR.714+43x)53.7x7 1)

(1364.07x108) (48)
= .06 MPa
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(20x10°) (1767 50x178.74)

[0-35

= 94.52 MPa

= /35. 4 MPa

: Z:m _!L/f = 0. cod X Eé X (200x20582 l)

b2.1Jz = 25x£63L)

[b) i - a & "‘—a = VQ___ xdx
Tnas (13640710 ) (50450) E e
: = 2.5 mpg
= D23 MPQ ’p/ai-e G :a-olxdam;4&+ymwy+gam.-¢o
Z
. 3 3 "
1037 7= Laserao™ 2(Extonsb +ior3er7) = 8.2 mm
- (%% 20x 367+ 20x3612°)
12 ) [0-36 P,‘Pe : % = [025 mm* t=6.62 me
= ,37387 mm e 1
R=-——(|IQ+!02)=54 . !GO*——- 136,38 mm
_ Uo%)aragrn) = & J
T = = = 14.56 Mp,
(137387) (4) A - 3 6 .
1 = 7%X10x2607+2(2.98%10"+ 2050x |¢0* )
{1p?) (442010 * 4x/(x1})
. = 27,4t _ £
T (131337 (4) T | = 6lbri0
(2007103 ) (10257 134.38)
50‘33}@ = ox (3 2) 4 2x3x | Toige= = 37 MR
| I= 2xm(arooxg0®) 4227 P (er6rit) (226.02) *
o +_2x._—-x/50;<_-; +2x/30x
- (20620®)U0Y 30705 ) I Mp
3x20" = ;.92 x/0 % prm? web = (Gf.é,xloe)( 10) B il
&) Con = VO _ soxro3<(spx3x20)
Lz /.82 xs0% 3 10-37
= 5.9 MPa DL - T
E 40 qzo+7oo
Cob = _[0x/03x (35x3x20)_ = 74 g 150mm
7.9 Mfa
/82 xp0%x3 QL:M 4201.[0“-/__‘{ ﬁ:‘ Opve A
B e Oave > Epve Ee
Cee = /70xr03x (68x3xao~+dox3x20) 00210
/82 x 10%% 3 T—@ "—
= . & MP. 25
/8. 48 MPa, [(fso)azouo*'j 10* (1)(3)> .134HN
10-34 " LEOEN

be = _-‘I/_:--:.- o.opb r_.z'—;-"(erZoaréZJ‘l"

b) Assbme each bolt carries equat force
#of rows = £:333=2 #of bolts=16

Force/bolt 1320~ |13 KN /bolt
_—

10-3%

I: };‘_é-[- 15(. 24)3-# A ZJ’J:- ?-75'}/0‘?;.‘

VY& ro0¢.03)(- az)( 1)
795 x5

84=g5= 520 b
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Fﬂ = VAr g’%}r =~ V(.02 02)°(- 025)

gc = /0D (-072(-02)(-/1) p
=/ KA,
A s # Y 27+ > (.58 x107%)
- - ™y - ; % X e
30“ 35 = /oo (-/$)¢ cj)( ”):4/5 Knsy, EL = v (002X 006)7¢ 025)
S D ’ 2 (R.88 x 1p7%)

¥ .05 3

002 (-025)( (_022-.006 )
2(5.58 xr07%)

= 00% F0 m = §.30 2m From & yert. menle

& =

0-41

I= ,‘ZL (-002)(-1)° 2 (-002 X-04)(.09%.65

= £.23x07m*

i Ve= hiF +h2 F> i Aiz'&}::.:l‘;-?‘

‘0_3? F.= VA,%“A AN Vﬁ:g:Az
(@) 7,y = Y& Zenrdxa . 2z 21t
I+ ;‘S—?'(_L—)—':o.sfam
: T e= b 2, 2y 002¢ 04 (65 7)
Tov = 7 L1(dx2) +3f3)(2‘75)3:2.o/ - 41 ’ PrrETIE Ll
A
86k 4 Czd = -o/SFm = /59 mm
Cewe = 7 LI(LE22243(E)2285)4 366 N15)] C from @ of vert. member)
35-7 ()
= 2.89 &Ksc
o 251 sl 10-42 -{:rom P(UHEn\ 10-41, I‘S.'HXIG_?
2.:9 mms ©.37zZ e: (0-002)[0004)1 (012_ 5-082)
281 ' 4(2.723x10°7)
ﬁ =0.0035m =3.5mm

| (from ¢ of vertical member)

(0 -43

Qz= L 8 esingdA
:je RsihB REA B

10-4 OI
| 1= 75 (-002)(.657"+ 2 (-002 (. 026X.035)

= PP x0T m* o
= R (cooP-cooxt)

Ve =Frhe ~Frhe , ha=ht ., g: =5'I_,=.aa.$'m

.I:-'l_j R"‘s?nﬁoﬁatdﬁ :Razdhi};—;az_-?
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T= Y& _ VR (co0d-coo) 0-45 -
.I-t Rjt-\'[d— 5??:2192] I? Iz -Iaz
= V(coo - cooxt)d Z"-—xé;{;—= 0(”0}&(/!)
RA [x~ 3%2ey xd=

Tarz-ae obert o = 'T'-j:'tﬂdﬂ

On = Ma(JIy=2 <ty

= m&-—m:y
J“’ RV Sin ""J

2R G»Jd - o £pO )
X~ Sl ool

a6

o= 1. o 2R (SAN~xceoor )
Vv o = Sho cooad
Z= Vi (IyGz-Tyz@g) /o(0-533G2-0.00)
| % (Tulz-Tez ) 0./(0.533x2.133-0.8)
D-44
I=[s%x4x 20" 14 g0x 567+ = /07.30z /618, pst
2 x4 %00 + 4 x
// 4 xi00x 100 + - Flanges : @# = st (b—2-)=0.25-0.053
£3 W AT Ron +/‘5‘x4x$v]‘2
Bz =5t ‘zb"“'-‘ .28
= £3. g3 % 28% mm® >
_ y . T4 = 167.3(0.28)~161(0.25-0,055,
<=V - V (drxax{fo+=) . s
L’ T = p.088>/0.945
= (boa+S )% Ff=fzzdA
Fi = [ 40 A g T ST (8. 05520, 745)%0.13ds
Jzaa= | (600 + ) Lxarda > :
(=}
=0
= p.0rte3 V
{A}eb.' @ - :txbx.é:o_z
= Y ¢ %
Cz2 = & (qoxgxFo+ axaxin) . g
O~ = Z‘xbx—zé'a"/f'xsﬁ(a“".'zs")
= (3200 + r00a ) "_.if—
= -5,0855 0.2 +0.94
F2= [72dA = ["(2200 rooa)
= #1008 )22 4xdA a
j ‘ fa ( z Co = 107.3(~0.085 +0.25 +0.4)
= p.2442 VY -16lto.2)
T = 2F, x17% + 2Fz x/00 = ~$.3685 542/ 4651 70.72
= 2x0.0/03 Vx/75 1 2X0.2442 VXD ib = [Z,d4
= $52.45V =j2 (~5.3655 # 21.4LS /0. 72)x0.lsds
e = :VD= $2.45 mm ffw left carner = <$.0 /b
' Fe= 10 (b

take +he abselute value

aAX Jf(.Ia«Iz*I#z )
! [Ingzdﬁ*lgfgdﬂ

7('(_1’31:'13?. )
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Torzue about centroid T'=oxmw=p
o= o
0.72

Ff=o
oy

Fb=ic

358 L

32.08 i —

10,72 |

‘“ !
-~
H

o

(4]

3.58

-«

Shear center pdsses the centroid.

eVs=

10-46

O}: Mg (T2-2~Tyz 3)

ﬁrgue Qbout centrpid

Shear centen passes the centroid
33.54

Zb'-: 4292 I xp.z—

48/(~0.085 40,25 10.95
= Sos g

Fb :I'Z’bdﬁ

P 2
.Io (2.05‘5—32.25-1-;/.45))30./0{5
=0

a

- 32.28 +=2/.44

Ff 2~ Fr Lo

©=0

I?Iz = 1? z’~ z21.46
the same as Popb. 9-41 - Ff=51b
?zt.«;
= Vz (Iz@a"l'rz@z>
(I?IZ-I#E )/t é Vz‘:'“’ »
> z
= /0(2./32 Q4 - 0.8 0z)
O./1(0.333x2.7133-0.8)" e
= 429.3 Ou - 141 Oz pse Y Ft=515
}C/an?es: from FProb. 7-</ 33.54
@g,:o.z.s-o.o.s‘ &
Pz=0.23 10-4‘-{ I=2A(a shx)
‘ . 3 = _ V& . VA (a siaxk) e X
o 2= wag 3085 250 2A (& sing)®  245ind,
161 €-0.2)S Pe = Ve = 2#R(.zoz)a = VR
= £3.46 5—=2/. 26557 znm ¢ Sine
: - &
Fi= fzrda €=Zx R from o
= f:( €3 465~ 2/. 448 .Sa)xo./dfs
= 5.0 /5. {0‘48 B Fa }
2 F,
Web 93 = 0.2 L= GAXTS+Ax50% ) x2 T';V
QRz = —0.085 35 p.25 +c.9 *38750A £, - Fa =
.—4-~—>—-j
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. VR V (50A) 2V
S S P e i -2V
F T 2 (3R75GA) (25) b2
\V(S0AtT5A) 15V
= ———(O5) = 22
Fa (38750 A) G 62
- VUBA) oy 6V
F (33750A) B0 v

e\ = 2F, ¥ 75+ Fa#150 - Fyx150

e = 7300+ 2250-900) = 26.6] mm

(lett From € of verlical mewber)

Ze = o
due to +orsion

Am=(20-2(30-2) = soq mm>

e - _ _scv
Z‘? ZB T 2Amt BTy :"-G;Hﬂc'\

+otal Ta=0.05 +o0.104=0.154 Mfa
7= o0.05

o.¢%5 MFa
6154 MPA‘._....._ o

T, A0

—_— 054 MPA —_—
0.05 MPa

2.7MFfa

10-50

M=z2pxito =2000 p-mm

D-49] e ™ T
< 1

!
fp——30 —

V=ION, M= [px|00= {000 N-mm
T =tox (0= o0 N.mm

/ 3_ s sigeE i
IZ - Z-(‘zoxao r6x267 )= 2{5'65‘ n

I? = ]_—_;—(303\:203- 26x16%)= 4] /28 i
J= Iz+Iy4= 32470 n*
due +o bending
ba= Mt- 0
Iz
O sgt = 220 e

due to sheasr
74 = V@ _ 10(20x/S%9-5~16x1374.5)
Izt 2/585 X 4

= op. /04

T = 20x/3=240 N-mm
V=2z0AN
= _Tr 4+ LFy_ <
- "Z'(B -9%)= s45c0 mm

J =21 = 33000 mm™

due +to b@nd«‘?’?

D-A = _,\4._‘&_.‘-_—- )
T
(TB = 2o xs3 /.58 MPa
iS5 o0
due +teo +tersivn
ZA 2 To= G 2ée

2 Anmt 2XTxL x4

= 0.69 MPa

due +tc sheanr

‘8 =0,
4= VR _ =zo (7= /3= -‘gx-f—ypfig;
‘I‘t_ /45v0 % §

= Oo./5 MPa
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CAFR N ga(sp)(-278)°()

Zotal Ta = 0.09+0.15=p 24 mMPa L=
.. GBS 0.09 rMPa Gd= /0.8 x108(. 250"
. e ﬂ.ﬁ?“———‘
A —,I T | = .378 in.
MPa - £75)
—0.24MFa _ - -6 Fr 1.2 16)(7o) (073
: e Crax = K53 = T ¢ 2802
o-s1] e P
M=2zcxiw00=2000 A = 2o
=ZoLAl00= . €
- i 10-53 _ Gd* _ (raug)ioock)®
vV =20nN Kr - A =g
l 2 67N talcon)ils)
T = Zox10= 200 N-mm ! 6y 39
' vz (32x16°2(0.cod)
_ 4 = = i
TI2=7520"= 3333 mm® 20 K b4 (0-015)* (18) ¢
ol = 0.208 'F.W"" E_%.z{--_io & Table k- kKiK=z ke T
Gt 40 beﬂdm? ku'*KJ 604‘-“ e LN/:'{T
Ga =0 m,= 27 [d. = 22/6= 4 — K=1.37
Os = if—;%;;’ﬁrf-s‘ MPa, M.z 27 /d. =20)/8 =4 — K=137
due to torsion E Toae M7 _ (48010°) T (0006 _ 24k
T ce D€ KT 16 (1.37)(p.012) ‘
Za=Cs= =29
RO’ ozoBxz O7F M
due to shear 10-54
ZA " V& 3 20 x/0Xx 20X 5 mfs‘: z
—I-t e = p.o785 Mfa al (-200,1¢0)
{50,0)
Te =0 Imps \“-/ o
total Ta = 0.72 +0.075 = 0. IT5EMPA o p
ls = 0-12  MPa ‘
cJ95 12 center= E‘(Sﬂb-—;po):n
i — Y
'] « L 1|‘ " J[ s (B00-50) 3100 = 249
: _ -
—eugs T2 0= tar™ L% ) 2isoress. 40
10-57 T'= 249 sin 84.6° = 269 psi
- 2- i = sép 2 %
p= ZP: 2["2‘-(‘:)—;}(21)3_?_’K'=,_20 i “ / PSL < 36? Ps{—
= ") ‘not  permissible
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fif=i .

—_—— —— 5:’-_?'...
A A A

P M

8| Ot
=_P
‘_i 5 be =2
(@)
l _sz\/

—
-l
T T
‘*Fﬁfwl

fr-z

30_ 20 20 >

Nl - R AR R e E

gk pB0 L BT R e
“dz iz iz ;JE;*JS_
G=6MPo , T==-SHPol

[1-<
Fl;-'g' 20= fo /3
=
! 8 Fa= _Jzixzzo =/0/5
Fi o
F Fj —i’—xso'—‘lf
-3
TR Fa =-zi x 20 = /0
Fs

A= _-z‘é.;_ (10J3 +10)+ = (/0'51"’5‘)“3?3

3 S L(/OJ"-!—’S‘) ——(lof‘+/a)_/43

0= 37.8 Mpa . T= (4.3 Mfa
& F:=2v*’-§—=m§
F F = 20x -IOJ;
=] F;
<~ F;=z—ox-21=r0

Fz

& Fu = 202+ =40

N= ‘J-—? ¢ red3-10 o3 (—,ra:];wo)

=/s0./8.
&
s== ( _ylzri0> TS C-rotz 710D
= --r4.35’
o= [0.18 HPA. T = -/4.33 MPa.

[ 1~4

F,:ng.zo =/0)5

Fa =-§XR= &J3
F3==x0= Ky

[

F2
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Ml: O"é 51
S
S 63 Ca
= g 8N ) (B8
ki
: (30.2x43)
' - 2.24x10%G,
Oy ()= PL md'(%_sa) PL 54 (%)
7% a - (rsa)? ! 7= rsalaf M - 3.26 X104 - 1.4b
A Ma o 2.94m0%,
4 (L) .
A =0 > Band=Z Dotsti
=543 1]3-37] A, =(Q0x10°%)(60)@.5%10%) = 3.6 mm
Newutral Axis : a‘ I - {150) (1508 ) (175) -5
* 20X10©
PL cosot- 4 PL S "X I/
T =0 175 mm %= 20_3|"{ N
/:{ a(r-$a)? -;‘_.‘;—(/-5‘"4)-0.’ 0% ¥ h
i
- - ooy AW500) | x5 ()soA)oo)
—g 4 + Aan, - X =0 A= Ar+ Ax=36 )00%) 1-.20 + 2————-901;06
Jg-g.-f-g--x.-.-o =591 mm
+ Fx =0 humber of Furns = 5 1
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lr s Lat b=)*
i~
7 A 7
/ ]£§%§;:t:::1:¥yf
- =
% ! £
A
not mateh. Need & 7,

which canno? axXist, however

CFUATING THE STRAW AT
THE DBOTTOM OF THE ToP BAR
70 THE sSTRAIN A7 THE TOoF ¢F
THE BoTT7ek BAR ONE FAS

dlﬂ+{g+;{4*
Foow”
zot, §T— —f.-E_ =
or
?E-E-.-f-z/—i‘;——(o{ —,)3T
’_g(._ D= (qm -, )3T

L5 3(e-m) 87 L2

A=
K

13-3b

Cmax = 1/ (L8 27

Sox /0™ = M-r
21)

2
+(.TJL)

- (4-r )2 (é‘i" 2
o} pomrd # ‘nr"‘)
4 =
&o x 703 - /
o ol 5’2-}'/22
r:: 3.96 CATL-
d =2X3‘ 3’6 — 7‘72W

r-Z

13-35 =0.§ > r= 454 —@

ZF;(':O 1 FF=F. =
Bd?‘A éc?r,s corve a_/f,é’e
LM My
Ve o
heunce i
M=My=M= L2 0 Sy
72 Z for one bon
F: iA/"f‘ = ;L;.r‘ WAEJ;CQ ok

F+ A

Zma.x = -\ﬂ—g;-_é)g—i- ( ’Z"‘r)2
(B (T

&sz‘o‘a: 2
'/?2 m—’,t) (z;:r’,t

/
TrX

80:(/05—_:

= X -

]

Sox 10> =

rt = 14.3446 > — &

from @.@ F r=4om
t=0.89 ¢

nside diameter = =2( - /‘fé)

= 7.1l ¢

ORtS_;de, d:‘_a,me{:er = 2(r+ % )

=2.87 cr
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13‘36 ' /e»,m = = * 163
basnsy | OOPZ

— V—-— di‘a.?rd-m
C/Lo—p_s‘e .5 # o A bea.ri/;j

|
: @ !K

' plates wnden He conceatratsd
]Q?'CES_

e minimire supprt foagit

= 3x /oovo FI S x /12 x 0.5
B8 X £ 5

= ©0.903

13-37

p= 250 /b
L-B'}‘J 3':! 5’!_ .B,‘ r.:Sv
5y == Mmax - /22703 12 o 3 :
Covra P e 2 I 1 ( |
750 750 50
A"z'."zsiL/‘,'”'EL‘K“‘='/'5_"":‘)(/"3".47:37“2 —
oL . n |
ZGU\J ?5- r~ 24_0 v 241- + 24.-. ‘J]
chovse stamdard dressed size »
L-u lu - max = 250 x24 = dopo  /b-in
$ 5" x 11 4 (ref table 10)
Vimax = spo /b Cam yse Table 10
w = s/72.%5 /b/ﬂ
Choose  AMNomnal Size 3%x<a”
S =2 mT, A= &3.3 n* o rze 3 x
. _ s .
. = Hwl? S=S$s0 inT A=?-?.S"//Lz.
S2gBy A p 8 AT :
Oaws o- _ Momax 5
/ 5 max = = 176. 47 pst <
= gt > ¥ T XIS R/ R/2 % -
/25D . awg = /230 psL
- .3
A = £ oK. Z/m:::: .—....3 Ymax.= £y 2
a swh : - eV
’4=45-3FA,.>,4,1‘-%3 '
‘ 057175 = EY s Z:au=7rp,;
= ) FAA S XS %2
= 4937 g ZTTI12
- o -

= ke B L2
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3-39

=1is97-/n* . )
chrvse Aominal SiZe =™
A= 55 AR, 5= 349 in?
ﬂpprr;xr‘maiely o.k. (ref takle 70)
K
Ra =72.03% . Ra =146-97

Jin Support /er?ﬂl ot A
j,q = _Ra  _

7-05:‘/03‘ 0.94 ;"

Caw -1z /2 x 285
mn  support /e.nfﬂt at JB
_ Ra _ e TIxr0” i
'e‘g = 02:.:;{1.2 - sz x2S 2-2¢4

o e— L)y —— L/2 —»T
/2

P/a

13"'38 ' | . ;
2 K/ﬁ l‘_ X """l k—x —-—-s[
FT v 177 v i3 oL gol
TR& | = f——— 1000 mm ——n
a. | b
" " ’
= ‘ ©
0 0
C Mmax )/‘ft = (.Mma.x)r;;?ﬁi o
= . : -p :
Gt =~ =050 - £ -Luwlt-£) | P
<z w (e L L) PX B
= k-4 ) ﬁ\
v 0
4a%-9a30 +aad> L ¥ =0 (4=2) . .
40%- 943+ 49122 — 20738 =0 To™ 28 ° Q0som) - 2+
I z "
Mmax = = x2x (3.515)7= /2.355 Kf
m G;M N _l‘%g - ?K {05)
Vmax = !Q& ~2x 3515 = 14.97 273515 EUOO)USO)J
= K
9.94 S T3
Cb> _Srcg_ = M max — /2-35"'103)‘/.2 |
GRW 25D f3—40
= 5.8 B
‘;"-‘?4::/05 P

P/2
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Use 3055 mm> bean‘na P!ate

;] o 13-4
A
o a2 2 P g
— &t mrm 79,]_’-
300mm v — S
(<4 =) #
T — BT —300
T . /—_‘\
il i Mo + i
be—— 200mm —3)
-~ . T Section :
1= I [(240)(300)3 = (200)(150)* ] l
y = (2X/0) +(I200 x50 _ o
= 43375 %10% mmt - 3 Cracopx=z) frm‘&’,’
@) shear in gl
Lo 8“3 I= _‘ffﬂ_:(; - (203040
V_ Taw I{: - (0'4)(4-3375xf09)(21?5) 7] /zoo)(20)+ =
a [‘200?’?5) (150-37.5) ( r2o00)( 30"
= /.36 X /06 -
= J5600 N .
O ﬁ___ 45173’2:&1:(.5"0_. i
P=2Vv=3[.2 kN {“J’ T T aie o = 4xse
-3
s L= 242 x JO KN
She{lr n Plngsa S o
= V& _ 3ooew (zo)
Y= Tt | (AR Cje= L= E LTS
4 (200 X5 » 112.5)4( 2% 20 150775
= g0 x s0™¢
:6568-4'\! o) = /-S_/-’\'/O—‘; kM/MN
P=2V=13.14 kN (ontrol ) Tol 2 V& . 3000 % SDxz0)x2E
it . p
& "1 (PLIL)C (/.34 x706) x 20
,G-Q'N- l - 1 _8 "—"éo-p,(/o"'é
321 32 (4.8375x00%) - L= 248 x 107 KN/jm.
L= PC (3140) (ISD) = 1856 mm
ﬁec.zamaqu/&u Section :
P 13140 o BA2 Eaoithss
© A- o = 2.3 = 3055 mm?2 I= 5= _";3—0-: 7-2x0° mm’
A = Céoxz-o)xz = 2400 mm"

0‘;",,.-. M _ ASerpi(30)

-3
ek T Rgat 40
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KW= 273 X)O“B k”/m

3 (300 ) & i x/o-“
2 x 2400

IV o
24

Tt =

W= 3.2Xx/072 KN/ pm

use reata,f?ufar Sectivre

ith, W= 2.1/3 N/

WL'-'{%‘& Vf:.:__24j‘—£

LA s
M= W= F X! X24x/000x/2
= §é4evo lb-in
/
Visz Wil - 2%/ X 24 = 4z x 107D

/200D /b
Steel
.51 = i = 5’546’3‘0:: o
6;.;.;5 Z oD 36 in
A, = BVe . FEx BIO o e iR
z Zau /gL oo
@) Chopse W s0x 37
Wo = 39 164y A=u.s™
B EEl AT
& =gz y gt B MP
/ Qawe

= 32 + =2 x39x 245 /2
zZzdorvT

z 0. K.

= a/. 62 n
= A in® Vo
-5 > A +_§-E

= pEgs +)-5‘x2}437; 24
/40D

= /.3 nn* o

ND Wp 0‘03.?
Wr wWp+weL = / =

(&)

3.7 ﬂ,

Weod

Sbdooo _ L9/ 2 ;&5

S = M -
Oans 725D

Az =3 Vo - x 2O oo 49
 Taw g5 '

@ cheome Mominak Size 122"x 22"

A= zay in’

| Wp = 487 ’b/f{ ,

S = §86 in’
M
el k- A
0'2»5
o n s Erxaein
/250D
= g0/ 12 in” By &
. X 3 Ve
A= 2427 in" > A2+ 3 =0
3 2L xp9.7x24
= 8 _4 +_ —
18F- 47+ = % r

=

202. 47 in

I

(k> Wo _ Wo _ 0.068)
e LT

W wot WL /
[3-43
2 K/ft
NI EEIERE
Tso‘ TSDF‘
Esﬁl =20’ L
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=

A= 169 in7> A}fe& = —f— Ymax

= 4

LY

Cacs
x &oT.
Pd-x-
= A ;/1'2 ﬂ.k

o) design for steel team

,WT = (Z'o +f?(_ ) x 12
= s2eD /b/ﬂ

"= (rov ) xs2

M};;d_x == ?0'0 K-in
/ = /
L Mt = F wrls 5 % /200 x(20)%/2
- 5 K—int
\Sre = Mmax Foo ; 7
o T B ik SRR iy
6;”\}8 .24- V _ y) ’
o = WT.»e =T T xR R20
Areﬁ i~ ;_5 ‘/”,M__ = .
R g Z2.08 1 = A2
- %e- Wilzx:zg

Chovse W sz x 30 ,
Vo= 3 x2¢d x20=p_ 24 K

A= 879 /n” > = w &
Areg‘, Z.08 in Mo = ‘37/'&25 x(.zo)_‘x/z
d = 3?6 ;fb3 > 5,55:: 37-5 />L3 = 5. £ K-/in
S =334 /23 > sr?:m
; TPIRY

’3—44 }L= 7_{— J’é/)cfz , 39: 24 /ﬁ/f%, i_ﬂg—s
= 20 s
(0) design for wozden, Foists =

2L = 30, &8 in?

WL = 78 x 25 = s00 14/ ) V
= 2.68 in" > Adres = 23 (Yrax+Vo)
Wb = ¢ x _/’f_:: 33. 33 l}/)(.ﬁ : 3— 2 T
=/ ¢ x r2+0.26

/4.4

/-227 n° ok

WT = We+we =33.33 1b/1t
Wy L7 = 2 x 2330009

i

Mmax

28500 [tE-in !3__45 :
Pes,?m Load = 95+ 958 =5 M/ff::

-_i!“ x /33,33 x/2
G = s8¢ =8 = 7o l&/f.&

Vmax = -_—_2-{- WT!:

= &oo (&
Choose Aominal Size 2'x 2" _ o
S=3r6 w7 > Srepe rax X Jﬁ" PV T 7T ™
0;.:-!6 f200 ? - ?;
= 29 m°*
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- 10 o
vV {(kN) al“’[
¥
M(kN-mY
0/

(+)

1ot

T3
<

=& R=25./ mm
D= 523/ mm
USE S} s diamelir _ch%t

Zma.’c =

4V dxs0<

A

£.52 MPa

< Tk

Lok,

3 (=51t
(—_4 )

"

3-41

Re 8’

4~ =

1
Hix

Mmax = WAL 250 (201
max 3 - f _-:57m ‘.)‘f"‘,b
- ad 5D (20
V”’“"°—;—72)=7mx.é
= M =
S = 2 37870 x /2 = 22.00 740
Outt =20, coo
Use S 10 x 25.4 beams
=_V 7800
- - = 2azo0 P"“‘m
chb Joxp.3)
s Ky
‘,auf imy a9.¢m l-lm’ 10 N

R = axx

_ 7
R-_a_-?(

xX= )& Rmax = 9 den

M= -2 2on- ft

Jh= E2Rx2 2RI A2 xC Iz <3
é = = = =70.56
choese S 78 xsa.7

check sthear .Si/engzx{z

Vinax = 7 ton = Jx2.29 =548 k

Z.rna\x - /MSéE8xAxC ~ .

+) = aﬂax"‘é./)‘-'!u

<F.4 kst

.k . '

13-48

. D B - XX Jo
Ra== =1, Re= <o+ L2
v,
’ ¥ V=
Vs
Vv, = 2_ 2X =20 3¥
3 Fop Va 5 - B
.
Vs 37T 9e
M: MJ
Mm
M= 32 =, _Fo_,_ #x°
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@) oM; _ so 4% =0 Xz 2424
B 3 Foo ’
M/max = 300’35‘—
S Mz - /20 _ léx - _

]
Sodeoo e x T dm:,@'x"‘z

dte)=42%= do

S A=do - £°F

/pfamm/ls'r’r&smm

/
A (x) = %)z- do

50, X= 3750 mm , Mmar=313F kin , it
[#]
(b) X=p ; VI = _S-_;Q ) Vz-:;_e:' Vg:;._—l-—;—
/0 =0 5o !3_5 O 'P/xisr‘;fﬁ? 4" Standard pff'-e. 3
B=on, Visg, WS- -3 7233 3
4 L i = zag =32l
S0, X=o0 or boop mrt”, ‘
IPe O Sa= 7 x(ls
]\/,,,dx} - -—5.32 I _&& ﬂ:43 - 3)
: l T use s pi e 3
o x / = 7, S
€ va 8 pots HENIIE. b il 1 Pipe (s=545 in
it EEQ_E:Jbr-;’x(/.;_g)
7 = ag-Qx;o-’x 6.34L x0.[x0. S b P =2 4a i3
- " - _ st
Clp. 3462 % 0./ NE B plpe L,
- ; = 4 PPEC S dnbrpsy
= /X710 77 =14.49 ;a3
0. 344 & use 10" pipe (529.988
T =2.73x/0%pa > 1.0%/0" Pa
— - J - ‘ 9 -
chovose  h=,0, T=1x0° fa 0k |]3-5]| (@M, = GyS,=(60x10° ) (1440x'10"%)

humber o AL boards = /

2.04

13-49
|
_-fvr a.p? ?::C. ;;
= BXC _ pre oo

L) T FEdwrA

= 230.4 kV-m

P(5000)_ (botio Y (nzer08 +2.x20010 x (15%)" )

e (154 +10)
P=252.2 kN ”
x= 2= %2Tm

Ienaﬂ\ of coverplate

=5- 2x1.827 = .34 m —> use
(1.5 46+6.0/6)<L362m
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W t5h) _ (252.2)(3)

% 4

2

¥=1.203

(100-R8) (5) X - (Ioof%) X

= -L'\Ie.: 100. 33 kN/m

= 230.4

IQna-Hq of coverplate

=5-2x)203=25% wm — use:
[2.5‘6]4+o.o:6}:2,g}_m

[3-54

Ty s A 7; Mﬂ
elemenl A O;;;)‘)
colid fldaf't

use Mohrs citle to estimale 4, 05

Tl\

13-52

s I i

_p———

center= ,—‘_'(Mlﬁ )

() 0';._. +_/(

by = 7wd*ps |
g;

R E50 0

= £

2z (Mt s T3 = S (Mfifsp)
T = T,

= _1é
W= s (M7= )

I & a{-
2oF ) B el
r é‘:_@!
03 / 0 o, = +
30 o 5
\ =

(o,~%)

=

" |

NN

{ ™

A x
3

32-4 32- 6 ~ 78
"/0«*63 ) (_S“Dx,'oixcﬂ)(j‘zl)r/o 2o )
o ( — /9. & -" -/

5D x,0%x C -

C =0.077 m A = 0.,9¢ 7

A =¢ s 2 U355 yotses .
(770‘4;; ( M .,._/m)).a T 1 /60 39027 N-m
13-53 . F=Tlar
, e%uation (13-8) = 32027/ (2x0.45)
; : = 43363 N
o(=1-’// 16 _(prrTT
T Zall
- 43363 43343N
— Z ] (> 0 Tz CT,-‘"
- E N : ~ Y] .
\ W’o +40)7 =006 | fasan Foami—— 0.6m —+0zm] 45345

Voog = 43363N  Muac = 36726 N-m
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Ut 18 em dwmeter shaft

s . )
Use @%}Q{mn (13-3) [3-57 — oarr
d= 3o (433632 8672.67) T Pz
T (40x10%) : 2 Y _.s:: Ve
3
= 0-!78 ) TF
o (=3 &
M in-15) E—=3 ‘
use S{V\T\dﬂfd FYOCEde ‘ .
~z7F
- TC _é'\_l_ = 3(?0 zerl() 4 43363’4 Tmax =
qul T + 3A = TL-dS i Jndg QTF Mg = -37F
4ox(s - RT3+ 136154 Ty ih: Bl war &
i = -F
d=0.174m g= MC . 3nFxl -
= 0. I wnd = /2F

[3-56
LREN  LKN LR kA
lf lf’ 1’/’
Y \ 9
T Qo0kN-mn | 200kN-am  3pg kN-aent T

2.TKN

1030 EN-mm

(8]

2.7k

F— 300mm +— 300mm ——3C0mn —— 3g0mm —

Mmoo = (080 KN-mm

T e = 00 KN-mm
Use o.cwatron (13-3)
d=3J /6

(o]

ey (10806 = 2616 mm

o e (0.3P)(0-0375)
§=K5=105b (T

=1158%°7

TE (0.6P)(0.0375)
=Ky — =/.2
1ok - 7 (0.0375)*

= 8692P

Lo = J (L2AP)® 1 Reap)” = 45x10b

P= 4303 N
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_ - o 2l
I3-57] b mese® Ve VS _ AV 3Rx/08
£ 9 C, 4600 Tt ( nd* LMY 24) 3nd*
! bov 1L ﬂéob”f—— -‘
o —L——Tergue 4(146%400) 6
1 S0 # 135'0# 3 d® =38x10
25573’I # ad
1 éoo .Y
d=5.841072
2 i . (o ment =48 M
" #l (plan view)
124”? + 353"~ [ Rl
) Momeat gy

d= "/ toxys. .S‘ ="
Txdaom ﬁ/ﬁf 74, £%+3. s

|3-60 ) from Fna. 2-25 for (075)'6’?5
S=190 MPa,
a B Mec
F. 5. ik
2.5 T (100)*
4{.
— B = T46 N/mm
B T,y = -\I/%
. & 190/2.5
whae T - S . (029 _ g5y
_ md® 44 23
Q\ 2  3r E
- 28 4oy
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