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= 814 k-ft (4) Section a-a
= = e L
7‘!3 TA'& }":H)FN v ‘2'K P IJ("E)" 7-2 K( .’
B — 5 V="—’(—§-J=?.5k(+)
IMp=0 —> A.&_=%-(4x40)=53.33w “ M Bi2)s 24 &t
I_Sec.‘tfan b-b
xM:=0 ‘ p=r3(=+
Ap= ZAy= T6.I9KN S ii7)
I =3 15 k(=)
7.5" 4
L T V=)
= 87.68 KN = el ke
| i M =293~ 13(6)
Va = ?%UAM“A%VSI kN = 2o k-_f* (+)
Maz 0.TAx~0.5Ay = 26.67 kN
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¥ 100 kN __3
T-16 wrh Fo® _?‘40-34'-159 Pt.‘,\ = ‘?TTC = F kN
o | = =64 N ) .
AN Vo= Ei‘l‘-_{‘ii - £ T = s
SN o= £240 - x50
7 f5m 53 Ma= 4 oy y
p I - 2N = le>/5 - ?”‘5;‘ x/-5 =§.5kNm
AI ¢.8m ;amks- Mo = 0.6240 - 045250 ’7—!9 2 SRN/,,-.! & KN/m
B kN 4pkn = .S EN-m s s ‘ 4 4 -l
Te - » E | Hg
<
T=0T] s Al Ve V&
T w & 1
a
Va T, Ve Te = RA
L
Ra
4K ZME=0 Te= .28 gkN
T = 2T . T Fa =-i']- -
- — e NdD ‘(N 7
"= = . {g.f.ﬁ 2 5 C4-67 (tensien)
Va = /2-%2Tc =-3.0&N
7-'2:5,5 ’ T-I - 3"{-5 Ma - g 4
= T XEX3IX2 + — =
SMa=o Ve=sck) T o 5 S
H = =
SpP=0 Pa=3(K) FEPa=46.75 kN —
T V=0 Va, =-3(K) ZMr=0 Vg=75 75 kN 1
SMa=0 Ma =6 k-ft = V=0 VF= 9 kN ¢
'—!"]8 SN Srum 7"20 My P P
— V] + l
“FL

&

M =1 1=
TR ]

4 3P
21] 2p
" P
SMa=o Te= Hs=i3.3KN ¥
XH=0 HA= 5 Te= 8KV | M—
Sv=o VA = /218 - 946 Te= 7.3 KN oL C3f-
=2pL
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T-21 2 . T-26] M0 =~4% %<3
v = =] M’{x):~7_x1+c|,?<‘£9
£ F F M) = Cy x>3
N C R i [l 3
;= = —|=x3¥I2x4) =
M VPL TR )= 12
(S Ca= 12- %A%xlg: -6
T-13 2 when %0 , M(@=0
\J " gmxw—%xa-ﬂzx L
| ek M) = —6X+ 36 X>3
M e 2T Ry= & (2xbr612)= 4 KN
N-Not”
> M) = 4x %<3
7"‘7—4 '_-:-K?( V= ::g—-;(':_f.c M(x) = 4y - -%—{5—3):(?(-3)!%(1-3)
x=L, v=o > c=K£ " =4%- FO=3, X23
Mlz..:K— - .—E—L:
= s ¥ 5y T-28 Ry = ‘%‘('%"3*6*5): ’_25 KN
MLy B ¢y
b 5 ol I O e
X:IL , M=o =2 G= = =~!—§K-BXZ+—§LX3 X<3
v \ : M) 2 _}zgx _, -%-:3}:!’0(;_'})
+e R -
: = 9~ —1*7(
H[/ ?"'2% RA‘-‘-‘RB-_— sl
3 i
J Kb = Wl Wo 2
._' 2 5 M __%"—'x" —_?i'x + Mg
=25 G :
' = 1* T-30
-+ . e £ _a 2
v = _‘l--’: M-RA’X--:-?'(-B—'X
z ! = . ==
. M'= Ra -kx™ Res=Ra- KL
zPL
e, S B B
M =i m RatRe= g kL™, Ra=F KL
Re = *3‘}7 kL’
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M) =Ma +Rax KL% F

[7-3¢ |

see solution of Pob. T-24

T-37 vi=-#x"., v= "-:7%%_‘::3-!— &

T-3]
KL | v Kz + 2Kz 5=
A z
/ = K K=
:gf;aA—L———-i MA*RA% = e
T-32| M0)=r000x0.25ir8 = 200 Si»8
P(8) =rc00 » Sip B (tension)
VI(8)= /ooo Cos &
133 meor= ZBR (5in 41~ Cos 0)

V(B)= ZL (e + 5:nB)
P(9)=-—2&(cosf9—s»-9>

Sther. x=| | y=p seo 6:=é:€L5

M: “/_i.- ’7{4.;- é—é}—sx -+ C=2

Sinee 7:=L . M=0 sb C== —g_,f_q' .

aF =Pprad
ap=pPradsin(~-d]
AV E~pradcee(d-d)
A M= paiadsineg—d)

P= j epﬁs?n (& - )t
&

P=pr(l-coab)

&
v::j_ =
’ Prce=o(6-)del

VvV = - r Sin 8
= PpprSin -8

M= j % p M m (B2 )
L]

M:-fn-“(f—aoai?)

ket
o
T-3%
V=-4x V= - Zx’+¢,
= B
M 7‘2—1 FCrA + Cx
Sinee. x=0 , L.M=o0
So = 4 3 o
Ce = L. . Cx ==
AL
v o

bar AB: v=+F Lo V= k
S

g s L x

T=Fa V=—KLCos2 xXtC
bar BC : v=+F =t

M=~F(a-2 = -2 5_'_";%"1 tax+la

T=0
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x=0 ,
A=Lta, M=o , C=_t0

Mz==M,, Ca=~M, -

Sine? x=¢, | =0 1-43 v=ap osX=2a
S =0, c,=o0 WEr chb il
; —;—.:1‘- M,:;P-x-(-c, O X<A
V [\ " /] Ma = PX +Ca Qasxs= ath
— ———fr—1 X=ath M=0% Ciz=-(atbh)p
Zn XK=A, Mi=Ma= Ci=-(zath)p
.
y [\ va i 3 P
: ' * - a atb
22/ M ’
T -(adb)p
V=0 M=M:"
‘ -(.m&-ﬁ)r
v M,
M[ + | T-44 ve=o oXX sSA
. V=-p a<x=<bta
741 i v M= ¢, 0L AXLA
VE—— M= X M= —px +Ca O <X S bta
~x=0 M= Pb= C
V[ ~ __ |M
; e X=atb, M=o, Ca= Pl(ath)
\l—-”' v o -8 . “?b‘
142 M= i Xx+Ca . V-"‘-(-';l '
Pb

M ——

Lo
M,
V. l + é+q T-45] v=2. M=ax+c,, 0=x=<3
M at Z V=0, M=px+Ca, 3J2x£é
/ V=-2 , M=-2X+C3 , =x= G
' s b Va=io, M=—lo%+(q, 9Q=x=/2
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xX=0. M=ec . Ci=0 )
x=3 M=6 €xz2l M=-~35 Px+C, 0% =
«:6 M=36 C’sx.-l_‘lg M: § P.x-rcx 4“-'X§26\
x=9 M=30 (4= _
xX=/2 M=o aﬁk_/'zo M“JP’K*CA 20 <X %34
'x.-_-o v M=O . CI‘ =0
oN xX=a . = _Pa_ s =-Pa
2N < 3
v «230. M= E\; 5 ("3= P“
-2 EN - xX=3 A P o= 0. K.
=10 kN ';:f?
T
sPa
0 a -,
= : v + 30,
[}
V= ~30%+30 244X < § sfa
M= ~15 x*+180% 0< x<24 1-48] v=-a . Me-3x+c, o=xscs
M= - |5X%43x4340 2.4¢X < V=i10. M=iox+Ca 42x27
V=2, M=zx+cs 7<X£10
V-8, M=-8xtls sosx514
log N V=4, M=z=ax+Cs 145x222
V xX=0 ’ M—_—O . ;=0
K=4, M=E~I2, Caz=-—%2
‘QF“ — ‘x‘:?
= M =!8. C‘s- 4
: -150 kN K=, Meaa, o oo ,04
-345.6 kN-m X=16, M=-24, Cs= -g8
X=22, M=opo.
/\ ok o O.K.
) » -
* =
7-47 , ¥ = -
VEFP osxsa —Ex -PK
V=\—;‘P AcxX =24 18k§L - 24 K-fT
V'-'-'—‘;‘P 24 < x =234, M —~=/ —
- e N
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T-49 Vaz %xﬁ’x!‘;ﬂo = 540 k¥

Mo=-22(3x2645) = < 2/60 kn-m
V(x)= ~2047+540 0<X<3

V0= 10(9-X)" = 1057~ 1805 4810 34X <9

V(x)= £500)U6)+5330 +200 (X-16)
= 200%- 5370 16< X <22

M(X)= 416.25 X% . pEAed
M(X)= ~250%* +5330K-lokko 4< X 16
M(X)= 100X 58 70% 4 T8%40 16<X <22

Mx)= -%9K3+54GX~'11£>0 0<X <3
M) = -{;Q % -90%*<810X -2430 3 <X 49 3330lb
340 KN V /'\ 16! 20
360 kN 0 4 10,66 —_ -37ol}
N T 26 70lb
o 3 q quﬁrﬁo(t ”'"Ft
M P T-Tzo K= Geoalb- + S
- 2160 EN-m
7-50 Vo=-—é—[—£x3;|5x4)= 15 kKN T-52| yx)= -5x+ 100 DEX <20
VIA)= —[5 415X~ 2 X* pn=e 20% X €60
_ Eyr  § Vix)= -5x+300 bg< X < 80
M(x)= ~ 15K+ =X el ‘
MX)Y= -2.5A°+(00%X 0sX <20
127 T‘f"" 43" Mx)= 1000 20£X={p
/—_‘—‘_L_ ”
Vv B < M) = ~2.5%+3004-8000 60< %< 80
100N
8.66 kN-m v +
. , ,
M s \[
I %&N—m —logN
[000 N-mm
T-51 | 44,520 = 500¥12%12~300% 653 y m
o= 832.5 kN/m %
Viati= B32:5 & 0<X<q 0 20mmn fomm  Somm
Y (X)= (832.5)(4) -500(X-4)
= —-5S00X+5330 4< X< |6
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1-53] R=5(3user5)=75 kN |T-56] R= ~(zvi0+3r40)= 75 Ib
LS 4SHN sl
t + h&
V v t
-3 kN -3k 35 Jbein —t0lb -75lb
M
M T
\/ F3T] Ry= - 668~ xengra— Lragea)
~2kN-w = -7 %
s A et =
T75%] Ry = g(3xi2x6~3x2) = 2¥ Rt T Lol
= -2k
Rp = %(3“?“2*3”9“/? /R
+
13K " vV .
I _ e
; 2t Y| e/
N =1L ; -—1‘-—K =lZE '
ST K-B
v ~l6k-ft b
~24K-F 7_53
T-55 :
/\2}C Rk
;o 7
V e -
\/ 300> 284
2K v N
<25 k-ft ' ' -
/\ '
M

150
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T=59 %.0 28,0 1-63 [i\" 150
v K‘\ 4o ¢ E T =
o o 20\._/1 625 700 e
-2%.0 r 2R
i - M PN
T I5%0" \Z
M
1-60 askny 1-64
+'l§l“\| = h - 4400 400
V = v B¢ ~7]
= 0 2
~(SkN - i~
- 45 kN 924 2b-ft
1.5 kN-m 15 K= M T
T~ e o 3! ' =
M \/ -924 fb-f¢
-90 kn-m T1-65
T-61 14 T 1.
an | Ve T~
V + : N 20
e ' 40kN-m,
. . % & /_!_\
W i 4m o
+
M
Lt 1085 75 kN
—avs [4]
T-62 | Ry= L (Lr3edond+ 3xg0r1.5)= 140 kN Oﬁ;‘,v\% e
; m
S0k Vv T\lb‘o kN
[~ |
V \] ] 33 € kim
~ 60 KN -A0 kN M /—_:R
" 20 KN-m u ;
\/ -ss§ KNeim
—bo KN-m
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7”67 ' Ikt 3ok 7‘“70 100 kN /g
h r v i' 2“”?& 1 i 1 1 l—l
.}h ? F &~ f .- 1- f .T n}'f h &m ’f’ 8m ?’
= I3 £ et o kN '.roem V5o
ELC)
2 e V (kN) \ 5
4
V (k) MA] & ) "
o 3 ¢ Lﬁ:*_.],\ 5
(—
_wl/  612.8 -4%50
00
. 75 _ M (kN-m) 4)
M T 25 = -
) )
o - -doo
L) I N v w = B S M
T T SoN S5 soN
. o 2m [ .Im | .2Im
a
) P(N) -30
Y o -] 5 °
) ~
-d0 5o 50
V{I{N) m
M o 0 ~“_- °
(=) R O
M(N-m) ‘o &
1-69 s, & -~ -
Mikrind /r;\ \:r=;;<
4] =5 ] - °
S 2’ * —— - o 2 & -6—_a-j!— ?a = JfH.1] mm
25 o S= MR =y yy, R=& 21 mm
V{k) +) * ~ =
. & ¢ | use 1/ mm dirmetin soled shaft
% ) &
)
=) ) Tmox = - S . =p.70 MPa
-0 -1 3A 3x{(rx5.57)
-5 " < Tall ok
load S
10k 20&] 20k 5k
Y A B8
35K 20%
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12kN
3754 Rk poe5t 4.’, m ;z/{:? -
coo® TPy '
1 " Q! - zr ] v u i
o o =12 Kp
P us) (=)
~{ooo 32 KN-m
a15 M
200 ""\'/"—'— d e
v (ib) t+) O~ =24KN-m f
s75°7 =)
703 -425 7‘75 (0\‘] R‘-’ 4#4/0-4340 HN!M
; (b)
M (in-/b) o ﬁ R kN
. ) T ) /sz,zm 4‘21-:1' ?_qm
-Zo0 V 0 o.2m \/
— R.RKN-m  —BEN
L
F{‘“TB 60 kN (.ILC_ H ‘/
l B ¢
| (¢) R= 4x4/2 =% KN
E-TA kN
601‘0.-( |\ 4.1m 43m
P A B G v s Z‘IN
- =l R.REN-w
— &8 kN . gRWY
24 kN _ /
v L7 M
_'_'-244:”
GOKNm.
@) center 1o center me reaction
T-714.
45 kN 3
. L 'FO(C@'S %'VES o moye U\CCU'(R{'Q
-r «
o S ki Yesult
=22/15 kN
75
0O 20



T-T6| @ R=10oxl /2 = 5 kN &Pa

(b) 4P 4P
 5ky M +
+ N 2.5m 4m .
Voo k5 _
-5kN T-15 KON
1 20 kN/m i
I 1 1 ]
8.75 KN-rm e Tl }
TRN-m TrN-m Ya
M + Ra=%(480+80x6+?e><613)= 110 5 kN
Hy=220 kN |, Vo= Q0 ki
Lc) 4 lad 220kN -
v . N —
-SkN B 8
HlokN

10 KN-mA V _{_ \g'.o\tu
M 1 b0 kH-m X&ml

M / 202 Ski-m
f] -~ rrr{ _ % F 1Z0EN-m ,——\

.+
v ”% | . l T- &0 40kN
L:_;om
% Pa S R
M - . + "'P& l TVA 1\!3
&
N = Np= -_;—(40”-8130:0.5):30 KN
T-T8 | Ri= 55 (-4Pat ¢Pr3n) = 2P Ha=30 kN, Vg= 40-Va = 10}N
2P
5] lzm 3
+ 20 4 i
v . _‘ p =
-2p “30kNn ~30 KN
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FEN (] Jogwm 15500"'""‘ 3?00'""" 3q00mm
: P e
V ~ISKN
-1G kN = J ~T0KN
ASEN
27 kN-m V J ]20kN
0.3 I8 KN-m =
— e | =35kN
M =
-G kn-m M :
e "SZSH‘"‘ ...41it.l‘f"n ""}.5'“"'\1
~2|kN-m
T- 3| Aok - i : . Skvm
s~ ‘l L‘:'k mﬁ;ll"i 5&& 25 k-in =73.5kN-m
% 7- %5 Ra SN
Vs = 55 (25415 45%50 43x30 - 3x/0 —= b3 ‘

a )bk ISRy | _ L
=ik , Ha=0k —_—
V,q A HB

[+] 10in 30in 50" ]\"’6
p _
B omey IS Rye 30 (2x40% 60+ 4x40x20)= |60 N
- S0k
. K Vg = 2240+4r40-160 = 80N , Hg= 2404
V O = )
_ -k -1k 240N
Tok-in . P +,
5ok-in i 0 4omm 0mm
M 1gk-in +
B—| E ; 166N
=10 k=in > Q0N
7-32 ’ V =
i x:
R-J 2oy
H e 2.24-m
: TV;\ l_’ TV |m&_ /\’ 24N-m
. N -au?-N M . *
Rg = (%0'*_60?) (2073200 + 15x1800) = TokN V
Ya=-35EN , Ha= TokN ~ 2,90~
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-84 M T-3%| 4w _ )
C yo3 %A, dxz ‘%0<XLT)‘
Mixy= = = §, <X-25%4¢, x4,
V=0 — ~%lz)+ci=0 - (- &
MU_} =0 - —?LE+M-IE1=O‘_’C:= 32‘8
%L
M) = —;<X=0>‘ 3“ = X-0d° —9 <x-—;‘
Vix)= .%;_L (X—o:sﬂ 3‘“‘ <X- 0>f- %° LA~ L !
Bol
[ )
V R
g L/2 L
M - i %PL‘
~ 3% 3
b4
: W = _?o{ Is'
T-B% I(-5 k- 11 5K
My = = 28¢x-1534¢, X+ ¢,
M
M(o)=0 — Ci=
M#y=0 — Ci=15
M (K) = |5 <x-0% -%a-w*
Vix) = 15 <x-0>"~ 20 ex =1y
15KN
T-87 e 4m
Voo,
Im 2.5\}
J0kN-M = 45kN
15 k-7 |
M ~f
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2')5

T-40

diM TR -3.65'

=17

&M _

I50<X~ 0% 606<K-0% '~ 1200 <x-0.25

1no f
-2 fx-0
e 3.6 {X-0> +

M) :-.%? <x-0>% 2T 4x-3.65"4C x40,

YRN=0 - (=405

M(3.020 — Caz -1579.5

p 25

M(h)= 405¢K-05 LIST.5 X0 52 4x-0"s F<A-3.6°

V00 = A05¢X-0"~ ISTSH03, = F ¢ pT425 2.6

axt

M) = -5 <X-0574 100<X~0% 2= 200<X-0.25> 4CX 2 (5
Mwo)=0 — (=0

M105)=0 — C, = ]8.7%

M%) =18.75¢5-03-75 <X-0>*+100 (X-D3 - 200 <x-0.25°

V(K] = 13,75 <05 150 C-08'4300 x-05" oo cA-0.265]|

1IR. TSN

P,

405KN 0.5
Y
? ~13.15
0 Jom - &dm 6.25N-m
M - -337.5 KN-m
-ISWQ.S EN-m ‘T 93 le
= - -l
T A 2O o k-8, — xRy
= 3
M B ces's Cx- o%; 4 Gy <o 300, +Lx-245° ‘+C1(K-24?;!4.-2¢:x_3p;‘
d x> 40,

M(x) I il_ (x,ﬂ)g-} c-l (x_0>‘+{1'1<\<"30~‘>‘
240

S

V@)=0 — -2%,R+(4C2=0
H(,{m);g - _—_% &44&1(3

Cl': %—%’ru
G2z %—‘}'Q

Hu); _%L(x -03 .*-—%.Q(ﬂ 0>'|- %{Q(‘{hﬂ
Vs - _3"_<x—0> 4 —‘é.a(x-m”-r £gacx-30
A
234 " \
D %Q — Ba an
&5 ;
16 %1&‘- T2 %eﬂ.

M0z -2 08 108 - L x>
+3 260705 5265 4 244-32 !

V(32)=0
M(32)=0 - -64+724C;~- BR+32+8C,=

= =240~ %48+0+2=07 ¢ 12

OS €34

M(x) = ~24x-0 1 120X-8 5= 2453

tz L (K247 X254 2 (x-3D)

= =24XD5° 4 2UX-RD° = ¢x-R'

4 <x-245" 4 40x-245° 42¢x-32>°
ok

Y (X)

C = ‘\[__]
% -2k
14
34&:-%

N

-lek-Tt

79

130



R

i 2,.:.— x0.0012% 0, 125% 3

=g Lo xin~F m9

A= Ropgt =1.94x16

A= 145 xrop + A== = !.005)(‘0”4 n’
208 _ ; 2 !
‘ + /50 x50 +
" X -
8 | |‘P 200450 ¥ 1= (0 003 ) (0.016)*
o =32 poo mm?
Q‘ v = W oy +2v4.51X|p"'°
$ | l Y= o ("9‘5"":'*”“r + Qti.oosﬁfo"}(,.:qu‘l)‘
b
P 2 5D+4501/50%125 = 2.21x107% m¢
+200X50%X25)
— = Gyl Uesxio®) (29ui0®) ook
= A = 0./ = = - :
5m C (0-016) 5
I:Tz—- 9}45.30 Is-fo';f45X0h‘x‘?fl?'f
P 38 > .: 8_ 4—
7z X 0-05Xo./57+ 0,14 x0,05 % 0,025 "+ T 192
L oxo, 2 xo.o_s'z-;-o.dj'xa.-‘: % 0.7125% 2w ) —
1
= 3.34x07%* m* .4 ¥ = B.3tme
. A 11me
Ol 165 x/0%x3.34x/07%
M = = = 347 §/ x
C o, v’.f- K){.m
S [ = —us. R&J(zq}’+ 3 (0027 +4(Lxpr2)(4?
TFrem Table 2
o - 19422 mn*
_ Agpandis .
' =, PREES 6 =f2
f 2 == + _oowl _ (e5x10)(19422x197")
N_Wr wRavgt === M= = . = 267N-m
_ (12x1072)
‘ r = g- 294 M -
[
2 3-5
IDHD. Dgsxkgg t ; I!f_‘ é Z? 17?4 A—4 75 ,ﬂ B

T=22-0.987=2/.0/ In

n| B # ez
= < = 27+ 7 =
2(4.66x107%+1. 96 x10 %% 0.024)=373x15" 7 37 4.75%21.07)

G‘_I 2 : . _ z‘___ 2 +Era—!45.53
M=% _ L85X10°x3.75K(0 5 N 3 L - )

C 2.,//25 = S5 kN-In b 4344 " = rD 284 ;n%
Jwl
3-3| — . 4Ww.003) K 0.0l _ a !f_\ ™ =-.-a“’_ 24;;:.954
- e [14X10"“m =
2 : = fope K- 'C

I.= 0-||R4= o‘ntﬁ_oos)‘}: 4.51%10°"° m f

80

130



3-6] c3l0x3l Ac= 3930 mn®  |3-3 4" I“ l6 -
T e VTP
2— Al Y% g 177 e L W14x%0
TW‘L skl I%=3b?. I ——
= 2 M’ /_‘1 R
-l wheosT4  Aw = 460 mm
=S T = 333x )06 it
" B
= _ (3BO)UIT-T)+ (9460 (T-16+ 45T/2) "
¢ (3930 + 9440 ) ] . .
I'= 362+ 2155 0607+ U6)(7.757 = 2286.7
= 71T mm ( From ‘h:]J) i 4)(2?8(;7
Q :
. W= G_”O e ) - 6652 kein
T = 333%10° 4 (3460)(IT1.T ~235.66) #3)
+ 161 K10* 4 (3030) (1T~ 1T.T)° 8=9| o horizontal axs -
3
= 467X 10{’ mrﬂd @ T [ ; "
— L= @) - 60.750¢
_5) ! ]
_ Gul _ esxigh)sstio®) oo | e
H- i - (292-5x 107?) 263 kN-m 9 H .UC= %‘%:13.50\3
81 — g -
Awm) Y AR () Pt vertical  owis s
O 2400 [0 24000 X j - e ’_l Qo)) = 0. 7503
=
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= d A
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Tension af "f;oP and comPrESSI‘Dn

=T= 47.4 KN ( from eguih‘br'ium )
ot bottom — Neaai;‘ve moment,
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=Bl

lever arm = 37*?(’“ T
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e % P= Eare. EA
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(£.09 x 107%) " QHN/M ! - &
Jomw f
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8 -9 g 2.3 -:
4 iz
T T
B30 Y =5
N T 523

SFHLQ 'H\Q Cross S?,ch(,n . S}hnmehy
about the horizontal axis , B 3gmm
The moximum stress n steel 15 4omp
The mayimum stress

86 ) . 25,8 MP,

O— [‘-O (30 )['200
The <tress tn bmss at contact surface
G, —‘25%( 1= (T MR,

A brass
<4oMp

The flexural sherlg’rh
M= 921+ r@oxzcmoy“q +(40410K17.2)r 0,625

+ 5 x4ox10N25.8-17:2)x (0024 252)]
=362.4 N-m

Since the Cross secthon i<

3-29

symmetry about the horizental awis
the neultal oxis located of middle .
The moximum stress Tn steel 15 4oMpa
The mox imum stress T™n biass

&= 40 (8= 17.2 MPa <40 MP,
The lerural strength

M= 2[5 304304402133 I0x30717:2)]x0.02
=42%.4 N-m

g-30 — T 2o, dde + .n 864, 4y,
% i md% +15% R0 dY,
200x I 4861 £S5
) aowao %erso
= 9% o
258 4;3
brags Csi
] ¥ / / ,’! 7 :‘n ;
!:fj‘} S’feel / E‘QD

The stress in steel ot contact surface
6 .
G5 = 40 (52 )= loMP,
The maximum siress in bigss

36 86
) QDO

g, = 4o 505 ) = 25.8 M <40Mp
The stress in bmss at contact surfee
s —25&( =)= 4.3Ma
Based cn these Stress %uﬂﬂ%ijffes
T, = 5> 80x24x4g = (9200 ¥
(,= 2x4076xI0 = 12004
(,= 40x30x4.3 = 560N

{52 f’vﬁgxfiox (25.8-4.3)= | 2000 N

The Flexural SJfrencaH\
M= T, « 0016 + Cyx 0,004 + (¥ 0.02 40, ¥ 0.026
= T55.76 M-m
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&-36

= 7-5‘&/0-4 5'3

Mu = Gy (2)-2X-1520- 1) = /.5#;0-36'3

M= —pX %, sty =2 (L1150) (300-3)
. . F e Ty
U= Jk_ﬂ_ _ P ILK:IJ,X‘ b P‘Lj y a ?-"-' —%—-}2.&5‘00
SRR SEL % T TéEx =
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8-40
’4—'Mg~£3(56){ 15)( 3= 543 %007t O‘g

Gt Mu, Stress is constant and csT-—
Area obove N.A = Area belno NA

the neutral axis Is /3omm from bottom
Mu=j6'? 5 gdﬁ = 5? Jg-dA

=200 %107 [0.2 %005 x 5. i85+ 0.05 x0. R x 0.64
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8-*4'6 fo0Xx 16 +lox (X2 )x &

R-43| @ -iews® .4
=20
02 Leasig? o
L
" = Iz R z=aiddia

. b
Strain Stress, ; M=/ox 2 n1éx(a. 440~ 1) +10~
(R.66-2)-4 %’—’_.;

L2 . Q.66 , . 24
=£2.4 TS—E-"

M= 2 [240x 20 =/00 = (soﬁo)-ri'*mxfo'éo#}‘a

= 72.96 x/oéuemz 72.96 kd-m =
& < 5.
(b} O:‘u - _I“'l__c= T=.9E xt0 390::275‘.7 I\J/ . roa .ol xgx 34
L 2017 x 0% “Inm = 23a1 K-in

a) I__ fw#d&.&x}o‘
il
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&
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200 %707 8 Q‘TJ

-
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é 1}; B2 00 x 20 xp0 X BO
240 BT f;ti:s iz = /08 x ;0% At mm
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] il =/08 . kN-m
- © 6 MC _ /o8 =07 o _
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&'44 20 | = I & 20t /ﬂ
' 3 30 T = 200 MPA
/5v 2%
150 :’ T __J \ lﬁ 133.3
3o
' L E 45
Stress rih ! I
M= 2 [360x20x2d0 90+ ﬁx.w mwa{w'lm} : . residual stress
<40 - C= (00X box 3 & (33.3 +/o0=d5x 3 L xsoo

T240x60 x20m(20+52 )+ 222 x o

aox-g-x/_,o] = doo+ 23S = 425 kN

=T )
345 g a ZMbettom = 335 x 42 +200(52 +/20)—d35
; & (5574 +4S)=0 .
I - M=[3spxdxqox(40~2) + . eguil’ .&n‘um .

1] -
—/1 = ium”‘;étfoxgﬂxl.}xl&]
{ = so2 xs0° A-mm
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¢ S EidA

= Tox/SxA0R30 +Ipxdoxbox 40 + FOX 20¥30%10
FExDox L0 +/0xEOXED + S0 xXw20 %30

= 4o m::n
o
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[
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—
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-3
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& = 6[-43 “mm
- Jonfo
0z = Ez(g‘},, Y2=roxs0 Ao e
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&
0= = _ Joxlo 1
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= E 1)
M = g'g J GDESES) o) klin 8 5{’] (@) 5= Bi's Lo D_ 5332005 m*
W 7.6
é
G= - 6303‘3.)00_2 25, 0 MN/m*
(20 £33 ns0™F
Msa = Gl J(asts) = 45| k-in (ﬂm’m])H
NGt (25)(R.09) - - y
B F=.25m, rp=.25+.05=.3m, I'i=.2m
- i -1
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Ew %
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.f =z o o ] :
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33%% 2"

=
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20 (476D) .
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Mst
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=

I8 -2 (474D )
NI

= a8 & MN/m™

(2083 3(r6 6 )(- 24663~ .3)
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- 1

S —=, pb2/3 ™
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= JJH.:;O) .:(3‘-; p) + 36(18= |£ 800 s
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R= __T< r+JFc
-

ft
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JAT"I =ik
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5-58

R=

=2

T—"+J2'F‘-cf _3rf3%r -
G= MR-T) __ 4. OrA (F-r)
rA (7-R) € R=F)

Mg = (I W (3-2.915) _ I8 K-in
=5 - 4 |

Me = 222X m)” (3-2.9i5)

= E~in
2.9/5 - 2 = e
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g1

Maz > Meesot=2.8/9 .
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L4§:e 1xI0°t) (0.05) <, - Uboxig 3y(1326495210°) - 143 Mp
.rQ:O 2 [13I4!]D)‘IU 12}(;_1”03) : o
|0-16 I=-;§-(zooa3ao‘-zsvxasa") :
= 254 .7x0¢ IO‘IS

(Mz= ;’_ﬂ find (8 ) max

e_

h -:t—_..;z?)a(_3b_—#J

2R, 7 %104 5D J o ?
= =2 (hy-y')
27.0 MPa ¢ ¢

A — B, el
42.3 Mf,. da "

_—-__ 3':"‘2”1
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(b) y= XIt | (100) (£ *25%56°%12.5)
I 5
R -%-: [2.5525% <2

h parabolic dishfbﬂfim
|/

= &lgenn

) Q= 2%x6x[.6 = [3.2 in3

%: V& _ (500)(%.2)
1 (230.9)

= 41.5% blin
F=(41-58)(12)= 498 |b

() &=R]x2%x24 =38.4 in3

hiv
X
[0-19 1=2 (%}(a.!h)‘L = 1072710 ¥ md
T| =0
—-,;—x 5 4-11&-#‘
t, o ASAUTIROR Y 57) o 15 Ul
(Lo%2x07%)(c.04)
T
T3 - (SH 1“0‘08 ) = IQS kP‘O\

(1.032x107%)(0.08) -

(5)5*612°x 0.0%)

_ Ve _ Soo(3R4) -
1 T T 20.79 thtin

o [ K o

10-21 Iz I—(‘]’SJ{‘ZDO)?— 2[:%{'25)4-; I[[z5)‘f_fs6§'j

= 43.1X10 mm*
Q = (152601 70)- 5 (25)* e+ 525)- 2533

V= TIt (50)@.1xi0%)(25)

T, = = A0k = -5
s ) fa ] 265313 LB
' 2, 6 61 (100) (43.1x108)
(5)(2y006%r 5°) = = " 4\
g (I.o‘i;m-ﬂ;(:.}b) = 195 KR, M= Gooyug) - +3I%I07 Nem
i0-22 ‘% _ 14 2x (1148) + 2x4x (21241)
14r2x2 +2v4x3
=9.6
» VR (400)(2x4x 7.6) :
q:_. = = =
LT asenya) - o P
10-20 _dM _3t2 sk = Vas_ _ (400) (2x2x4%x 76 +2:4x8.6)(6)
Tax o e 1 2640
— _ 4Yer542¥37]  _ . =113 1b
4,7 4764 25 =
' |0-23
1= I_'lra;53+ 4rbx 1,67
— _ 25xi50x12.5+ 25¥200x 125 + 25X 200%237.5
1 2872% 4 312 2.4 4 25x150+ 25x200 + 25%200
= 230.9 n* = 135,23 mm
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1 = 5 us0)(as)+ US0)(25 ) 22,73y
: -&‘. {25)12c0f-.l (25)(200)(15.23)

* 5 (200) (254 (200)(25 ) (10227}

F

127 %108 mm?

g1 _ (5oxi07*)(27xif)
P cL  (135.23)(1000) 140.87 kN

118

o114 Ueexig ) (17400) (25)

Pl ) &} (150125« 122.13) + {257 NS 232 57615 )
= S0T.02 KN
P ) 2T B (2) L27x10%)
37 Q0 (S0r25x122.T3)4 (25 %50£35.23)

448.15 kN

+levure controls — wee = 1403 k1

_ 2F _ axsvo_ 4l
) f- Y S ’{:m
4
Vo« L S s
x Sox
: = /2. 32 kA

upper nm\fﬁ!(?. Governs V;,-.M =J}3 &3 K

10-25) I = 45 1202720%65x140° ) = 6. 12010°

B = 40x30*90+ ToxI5%x 35 = 324750

Tt _ (2xo7)(sb-l2xiof)1s)

V=7 (224750) Sy
VR . (5-2x103) (40x2(¥100 - 15¢1227%)
[ IR =i 'Tll
T Tt (56.12x10%) (2x12415) o 72Hh
10-26 | I-= I—; (125x506%~ 106 £300%) = {077 (0%

jl0-24

2% ZDx d00< 200 + 100X 4D + /00X LOX IR

3{-_,: PR 20% L85+ (LevFD I R/OT
= &0
I= L ( 140 X400 = foox 280 ) T 140X 400X -102-"
P i

Y
/00 X 250X @™ = $4/ x 70% mm

<
[ SxSAIX (O XFO
@ Vo =

TIt_
Q 220 x sox f10— 1007 180K FO

= /33do N= /F.36 EN
W\, g = If o S0 foyyast
&

/oo xdpx200
+= 2F . 2x£00 _ 245 N
S

y-}

mm

Vu-n = 474.25 x 20 = /3525 N
= /3. 53 EN

7 -b
M - ol _ {g®:lig77x107%) 43| Wem

C (250x1073)
TIb _ Beo) UeTmxi0®)(0.1) ,
= = = ?
va\“ & (0.05¥ 0.1% 0.2) 323K
_ _{keodUoT7xi5¢ 10025 ) .
Vet (0.125x0,1 3 0.2+ 0-035x b.15% 0.075) SR KN
> Vallowoble = 5.8 kN
0-2 M 10%5260)(15) .
| I" g = _T:& = LT,__"__:‘Z-G‘?HFU.
= Lcyorise®
12
va 10%) (60r40x45.)
T= T{= (| : :'Z,QMP&
- 75 ¥40x150°x 40
T?-G'?Ml’n
J A r9.4MPA
\L 2.6THI
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= t
10-2% W iax9p MA=M323'4.‘29K5‘- FL = X0 b L ¥ ISDX 200 = 24D kN
_21"4*5;-'—/5? g.f{ . F 1
Va=Ve = -i?-x-d.x Zo-bxagd =2p K R =3 X [G—boﬁnm)ai‘ (507200 = 260 kN
5‘5: MY, - (/S'b’(b-)ﬂd.b}_o oAl e
b “ga . ¢ (Fr-F)xi00
~ _ My ) - 20KN
57 = 1SDx /2)x 3. ;
| ')B“' = 2 I X??,:;(S 5‘!_‘_ £.324 ks 20kl 20kN
- il 240KN «— —— 260 kN
(p= VR _  =e
8 I+ mfﬂ-jzxo.?fx(g_wﬁ&_gg}
+2-?9x0.44"‘(5.5'}+‘i?ﬂ
*=-1{0-30 50
= 3.40 k3L /1“—‘[
7 ", »
Za = _va_ =
I+ ?;iﬂ# E"4' .S'.-E')r Rideie (p.o/-p_sn_; —‘_'T:3 //él A Lo
+4 .29 x0.44 x 3./53])
= 3.5/9 ks l —] 0
= transformed Section.
a.o@ | ] A
ksi " % 1_{ = <R = L (ox P07 —sovx 07) = 4.4 x1 it
.I 72
— wpm—
3.577 &3 e T = V& _ &x107x (/STx /0 x35+$px 30515
= B Z.6x /0% 5D
[0-29 M, - %ncu«r.% 4} KN-m = /.43 Mfa
. 2x(0f«L3=52 kf- .
Mg 5 10’3[ n= Ewlg}-:z
= 4 . B -4
I ~f—,2-<5.2!{ﬁ.3 -A-,S_XI'O rp'lld ‘tw=lflx'2:?4
(O’uppw )= (Gurfci )e=0 E _ (50x324%475443x 450*225 + 503 160X 25)
b=
£ Grx324 4+ X1
6 My (4a6)(0as) . 48450 + 50%100
botton)y = 7 = (e.5%007%) foMF = 2%6.26mm
. -3 1 E]
2107 ) (6.1 - s 3 3
(Guottand = 20 s::o-f;)= PR 14 & SRR (T
Q 2 _—— 26} +(324¢560x 46.26%- 150!4—[}(}?46.2&1-]75!4553?;,2[,‘)
2x0.1)(0.250. 15 %0-6
T upper = \I't ) s(a ;xzo'q)(o ) - i = 364070 0" s w*
’ a1 (Tl {20%108) (505324 [TR.74 4435153797 47
e (1364.07%106) (43 )
V] = Tuf?trx 100x200= 20 kN
= 1:06 MPy
105
0O 20



(20x10*) (1767 50x178.72)

|0-35

th) Th & —
i (1364.07x10b )(50450) 4’7;‘5 Laa = Eg*aa/xﬁ"_";.‘.'é'
- C.23MPa 2ot = 2.5
Fiare Tan, :p_ofxdam““«f"‘-!-‘ﬁ*wf-*:ondx@
TO‘3'2 5 | 3 ! 3 z
T = 51562907 2 (5110936 +16736x2°) = 28.2 mm
~(——-x 20367+ 20x36x 2")
) 10'36 P- ‘;ﬁ-_- [025 mm™ B .
" ige ¥ 3 m* , t=6.62we
= 137387 mm - _
— +1 z __
T, = HoMMarzevigy | - R=gilid+e]=54 T ’90‘ 136.33 mo
' amemy 4 - 06 MRy o ,
1 = 55%10x 2607+ 2(2.98x10%+ 2050% 07 )
p?) ($1 20210 4 4x I0xig)
= —<= 2 - 3
T (139387) (4) 166 MRy | = 61610
= 3)(1025%134.38
10-33) T-= 2,:3{'(5”0,”&1),}20_2/5,‘ Typem (20071072 —
(E1.6%10% ) (2¢£.02)
070 + 2x 54 /30537 + zxt30x
5 ) < . loogar®)iior3eris) I Mp
R e " T (eLexot) (10) )
&) o = TV&_’:, 10770 (sD X 3% 20D
t x -
/.82 %1065 3 (0-37 B
=3$.29 MPa Wby W0
00 420 420+ 700
Cob = Jox70 x(ﬁfr?xdo)_‘?é?% %‘LL ” f—7 ﬂ" SO mm
B2 xptas oM 420107 —1 gi &- o -9 At-
12 5
Tec = 10%x763x (88x3xdo+dox3520) J_ 2005 107 Oave. > Eann. B
/82 x 0% 3 T—I ._J—
= /8. L8 MPa 225
e & D010 10* (.1)(3)> .13amw
10-34 = 1 390 kN
va , | 5) Asstme each bolt carries egoal foree
. aa:.-: Ti = 0. 00b * 5 X{2@120x62~f) ﬂ-o‘f ows = .-Eg T.23= % 4ol bolta=1b
Force/bolt= 1000 s i3 KN /bolt
= 94.52 MPa S
10-39 i
/
Zob = ;‘: = o.00b x 5z X (ammx20x82./ + T= ;,3_!;[ 150-28% 14 (.25]= 295515
< &2/
62-!\]—5 ® 26 = b) 3A=Z‘5=_m= ’M(""”f‘azﬂ'”)_ﬁ ky
= /36. 4 MPa PRTERIB i
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3«: = MO 070(-C2)(-I)
7.9Sxs0™F

=/94¢ kA4,

Fo= e = tov (- 1$2C02)C-11)_

s #54,

795 x 107

VA~ HIAP = Vlooay-02)(. 028

Fr=
21t 2 (5.58 x107%)
FrL = v (002X 006)"(- 235)
2 (848 xp7F)
= . 052 2
e — o002 (-0250( (.023"-006)

2(p.58 x07F)
= o0& o m = §.30 mm from & yert. pese

10-4|

I= ;5 (-002) (10742 (002 X 08)( 0655

= F.23x07m*

Ve =Frha =Frhe , hn=hL , E" =g;-‘-.p:5“m

= i Ve - 'L“FJ' +}}2 F-.‘.' 2 A;: -{—b:Az
| e -
= VA o,
10-39 . B Ly, Fas Vi,
(A) Zopa= YR Ze(IX) " 21t 21t
Tt 350k 03RS
: - €S LTy 100200
iz u
Tob= 7 [I(;Xz)-ts{s)(z-?s)]:z‘w . 4I 3523007 O
a3 L = .0I5Fm =I5 G mm
Cee = 7 [1(£2022#3()275)+ 3 X15)]) € Froms R of vk memper)
357 (&)
Pl 10-42 7
= W I. -
s 2.0 i trom Problem ID~41 , T=8723xi0
2-2§ 1
K [E ©.392 . [1.0;2}[0.04:: (01% 0-032)
23X10°
28 (2.23x19°7)
Wﬁ =0.0035m =3.5mm
(Feom ¢ of  vertical wember)
‘0—40 ,0'[{‘3 iz 8, .
I-_-}é‘(.ooz)(-o:)’ﬂ*i‘t-md’)f'”"’l'wf : fa‘ S
= R EF x s - 2o =j,¢9 RsH 6 RIAE
= R (co0h-coost)

I= [ &%5infprt dd = R% [~ 3222]
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= VO _ VR (conb-coont) 10-45| = Ma(Iy=2Z ~Iv}§)
.I-t th-‘{d"' snzmj I?Iz _Iazl
W T=24F = L((Gudn>
RAL [~ sm;dj Adx
= dMa2 ! (I?z'[zo(&‘l‘gfgdﬂ)

Torgue obnt 0= T = (%2049 CERE LA TR
= oy 2822 gl - v
J[d | A [Ingzdﬂ‘lgfatd‘ﬂ

[at = Sr‘n:.f]
=3
= 2R Gol —olaow ) X‘(Ib;lz*:faz )
X = St peed :
K l\;" 2R (SAN =~ xcroor ) take +he absolute valde
X - She coosd
T= V& (I3Gz-Tyz0¢) "0("'5'339‘-9“?&3)_
% (TuTz-Tez ? 0] (0.533%2.133-0.5 4
10-44
= /07.3 @z 161 @? pst

sl 3
I=[;Z%4x <010 q0x 80° 4
i

2 %45 . 3
J <100 + 4 Xiopx s6D + Flanges : Q# =5t (b-2)=0.25~0.085

'
2 41/25‘.‘:/5—02.,./_35,4‘5.02]‘3 B
@z =5t =028

= 73.43 % 16% hm? 5
Zf = s07.3(0.33)—741(0.25-0,055,

= po83 = s0.945

Zf = -i/- a = v fd*’ﬂx(é‘o-fé—")
4T 47 =
a (50&\-?-%:)—11‘.-’— Ff"_‘f'zfdA
— -2 2
= : N 2 "
Fi "'f‘(,am = L""(épa,tg)_}_{m,# ,fo (B.05S5 %10, 945)=0.1xds
=0
= p.ofe3 VvV
[A']e'b: 6} =szx_&=g_2
Tz = ;% (gox2 xFo+ dxaxior) ¢ E .
Qz = ExbxLlt tasx(2-5)

= ~0.085 yp. 28 +0.%

=

= (3zo0p +fa'06\)":I[L

F2= (7244 = [ xaxdh
f?,": fo (ﬁwwava)-ffd Zo = 167.3(-06.085 +0.25 +0.4)

= p0.244¢2 - 1él(0.2)
T = 2F, 496 4 2F2 %I00 = =~$5.3485 52/ 49657/0.72
= 2xp.0/03 VXI;?ST'.ZXO.-?MZ vx/c0 i‘!’ = fszlﬁ
= S3.45 V :j: (~5.3455 % 2. 2£S 170,92 )0.00d5
e = _';1/1_-: 52,485 mm from feft come =¢o /b
' Fo= 10 (b
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Tor;ae. about centroid T =oxio=0

s
v 2= B
Shear center passes the centroid

10.72

Ff=o
ey

N o
Fi=ip 2
32. & i 7‘“ z

o Ff:o
J‘l’

) ’J/('-a.orsa-.;-a_:s.,t,p_c;)

Ch= 427 3xp.2 —

= 805 5% 32,25 4244
Fb:.f’l’bdﬁ

-
“_J; (8085732, 25+, 4é)x0, /s
=0
75/'35«'2 About centrpid
eVs= .
Ff 2~ Ff =0

=0

10-46 GT‘—‘ MH(Iz-Z"_Ing}

.T;:Iz - I?z"
the same as Prpb, 7-4] "
L= V= (Iz@4-Tyz02)
(IyXz - 13; )X
= /0(2.7/33 @4 - 0.8 0z)
O./(0.533x2.133-0.8)"

—_—

= J2F. BBy~ 4t Bz pox

Flarges i from Frob. 7-a1
@3:0.23-0.0553
Oz2=0.25

o 25 = 429 3(0.0852p, 25)-

281 (~0.2)5
= &3 .46 85-2/. 2655

Fi= JZzda

= f:( €3. 665~ 21,265 5 )xp,1ds

Shear centen passes the centroid
33.¢4

2l-46
Fi=s5 b

?—zr.«;

Vz=1io b
— o

=46
J’ #ﬁz
Y =5 15
33.5¢
[0-4T I=2A(a shu )
Z: VR = VA (a sine) - ¥
I 2A (& sing)® 2450
Pe_ = Ve = ?TTR(J:-!)&‘ = VR
2T 3— Sing
- §
e = m
Sin™ R jew o

[0-4% ' 7':__ F. }

= 5.0 /b
- 32 2 \ F,
Web 93 = 0.2 [ = BAxT5"+Ax50 )x2 F ,
Qz = —p.o85%4s.25 vc.4 = 387504
3 F3 F F
ol 1
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. j{&_x . VI(50A) 2V
F i ) (33756A) (25)- b2
V(SOAtT5A) 15V
g A oM gy o P
Fa (38750A) \15} 62
. Vv (7sA) _ bV
£ (33750A) 40, 62

€V= Q—F;"?S'i' F:.?‘ISD = F_NISO

o= g‘;taonw?so-%o)r 26.6] mm

“Q¥* 'S:fﬂm d; 01\‘ V@Y{fcal m':'ﬂ"'l,"dr)

Zg = o
due +o +4orsion

Am:(la-z)(5¢-2)=h¢ mm2

= - j-'_. - LT
=Ty 2AmE " Saparz = 0.CEMPR

+otal Ta=0.05+0.104=0.154 MPa
ZB= 0.05

0.c5 MFa
o054 Hf’a‘_

= A
—_— 054 MPA —_—
2.05 MFPa

|0-50

M=2zoxito =20c0 Al-mm

D-49] e—otoM -
H:. zZo

z
frasigne =]

V=ION, M=[px|00=1[D0O N-mnm
'T‘=fo:< je = Joo N mm
Iz = sk (zox30- 16=267)= 21585 in’
4 3 a 3= S‘Fn‘
Ib‘= E(_Bcucza — Z6RIET)= 442
v &+
J= Iz + I? = 32670 in

due +o bending

GA = ﬂ: o
Tz

Op= My = 199972 _ 5 20 MPa
Iz ZI565 )

due 1o shear
Za = V& _ 10 (20x[Sx -5~ 16713%4.5)
Tzt 21525 x 4

= p. /o4

T = 20x13 =240 N-mm

V=20 AN
= -—3_7-(/34-— %)= s4500 mm™
J =21 = 33000 mm~
due teo éand.?zg
Oa = _’_”.”iﬁ‘_-_—- o

Oa

= JdevexJs3 _ /.55 MPa

/dS o
due 4o -+£orsTION
Za = Zo= L 24c

2Amt  zxpxiixd
= 0.067 MPa

due +c .shear

Zg =0,
4= VR o 2B (= i3 %’-;pﬁf?;f;
I‘* /ES5D0 x §
= o./5 MPa
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total Za = 0.09+0.15=p24 mPa | = CAFTN_ sa(0)(8%57¢5)

Z8= ©.09 MPa Gd* 1.6 %108 250"
o.24 —_— .09 —<—
—— " /-58 = _.378 in.
/ ° L e | 6 Fr 1CE78)
e . ~ = 5
| 9.24HPA g —_"?-‘WHFA /Z'mx o K I_n_d$ = / z(’_?r)((y‘is()j
IO-S || = 24coT F—‘»f: e
Xie P=2oN
HZ;M:D—ZWG AN-mm ’0—53 K : Gd‘t . {'ﬂ‘?‘lﬂé][ﬂ-ﬁﬁb}u =EO
vE=e [ = TN aleon)®Us)
T z""“’:zﬂo e vz Ki= (324102 (6.c0d)? =
dz= ;é. 20 = /3533 mm4 20 * 64[00%);([&)
ol = 0.208 from E‘%-é-_sc & Table K!Kl i 60"?1 . .
k= T W = 22.52 N/
due to bending Kid Ka 0
Gs =0 m,= 2% Jd. = 26 =4 — K=I.37
B M s v m= 2Rldy = 200)/8 =4 — K=13T
¢ 3 3 : OL\!
due +o teorsion " F & T "Ei = (40<10°) T (6-005) = [.24khy
T 2 ke ERTE 6 (1.37)(p.012)
Z‘1= 25: 3 :'._E.Go_._.._m&“;z Mpﬁ
Lo 0,208 x z0*
due to Shear 10-54
Z:q - VR 2o x/oXx 2055 : 20y ps b
It 3333 x20 o.075 M =t c—zw,m}< —_
Cs=0c ‘—] H i \“_/ ’
total CA=o.12 +0.025 =p. /F5MFPa I e

le = 0.12  MPa
Center = i"fsov-.zoojzs-o

95 :
649 Gl e ! rodius = o
p -—A L T = l e \/(aoo-sv)ﬁw =247
l 3 e B 1
= tan~ 1T ¥ -
e .2 T 2A20)=F4. &
T'= 249 sin 544"~ >
IO-'S.Z 267 pse
Tall = /80 psc ;
~ ’ Pt < =4 St
i SN 2[;(1)-—_‘_;{'(3')3_7_,#1_-/.20 - 5k Nadd
; d_ 7 -.'JOL‘.' ﬁpma.:sd&fe

b o
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=¥ -3 2
Fi=2720%10]5
A 5 l” & Fa= _‘éx20=/¢:J§
P, M A Fomgx3e ™8
-~ B |[— & b ==
fb= 3 + T+ B Fasdade=r
F3
II:T G =B
c < A
Ty %f_ N= -—(wf-rmH L (o5 +5)=39.3
= M =
4_} p Op -—&-I S —‘—2\"3:-(/05-*!5') *E’(zbjg-r-/o):#g
tep view |y T L ’
J 0=2372.8 Mpa ., T= 14.3 MfA
=-T p.a
I E | ZE Jf" _1: ol F]’-’?O‘{-{E:}ﬁp’}
£ F+'F; F!.:ng;f:foflé
Y Gk & Fz E;=2-cz5'-=:o
Fi { ) ﬁ F4=?DK—":ID
i s g B
Fa Fi=soxpz Bz N-é(rcfs 103+ L (103 +100
Fz= 22 ==l =
F5 3 J-Z"" ’ F4 = o”a fg rr_ ;-
y SNE s ---( ;5‘,/}-”0)‘? (—rotzri0)
’ = —r4.23
o= 1018 HPa . T = 12,33 MPa
A= ‘{301_..-*.2._,__.-3_0__,,_-}_0):45 (-4
VESNE
=)=§ ﬁ:—gx.za:/gg

! , ?.zl'gxfz: Y NEY
Fa ?':3="_-§"‘"/°= s

. Fe=—frm =4
Zo Fa
iz
,r (3o_ = ,,,- f‘; - W= "[f'ffaﬁe-b) +L(455-5= 22-9
o = ‘G J;‘ fz f PR " /
5:-1- (_3.9_,‘0 ""M “_5 ‘I(IDJ_.;-‘...&J +g(5-ﬂ;)=‘-??
PES Iz e "*‘?-'2_75'5_ o

o= ¢MPa , T=-SHPo b n'?.',“i..', _z="'99_"’f'f‘:
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F1=/0x0,940=7.40
N
"l’—‘Fn == éxo.?‘#o:;.éti-l
5 -
| F3=8x0.342=2.74
o B ,.
Fa = 4x0.392= 2,05
Fa

N=0.94(~7-4+2.05)+0.342($-44-2.74)
=—g.92

S =0.342 (<94 + 2:08) + 094 (34442 M)
= =f2d
6‘: -

-5 92 kso T==$24 kst

Fis 3‘”-‘?40‘—‘ 75z
Fo=6x0.940= 44

Fs S foxp 34z =3 42

Fa=6x0.342 2052

N=0.94(-7.52-2 0b23+0.342 (-1 b4-342)
= =t of

ST o345 {—:7.5.2-.2.55).) fa.?-?{fé'?fi'f‘.k)

J.i-?

A<sume aren p'f -mrfr'caffh.ue_ Ay=i
i ih;n aréa p :nd-‘nu!P!ane Ai=JZ
LT e (5 - 43 =2
A StYa+YE)rE-¢= 3

é G-Y= -2/ = —2P$;’ I’v=-3!>u
check by Mohrs cirele c

iy daot r‘,,.nf;\\fe,;; _
= 7P, 5}'="3P“.<—w wti/\‘;

¢3,3) N s’
-8 acopst

el

Be-le®

s Fbo=C-200) _
G = sinl-rz0")
P

— T (-/00) cc3(-170)
T oo .
= ZLs S Psi

,_1

Todloiathn =150 pst<x66.5psl

et ‘pem,;:s‘f'.&fe.. :

!f—?

N= /os+175 = 250 En

- $24 EE ) 55363—61-:242 kN
O= -2, : = ;
5 |x.z od kst |, T=t.24ks mm; N by - T 242 kN2
il
=p . oSk | & Tadl = 280(0.57+3%
=2x2Fxp, =
Q= 2x2Px0.5 + ﬂm/g\_’”m =225 kN/m*
Zx[TP =< —L S50k
) 3P G B = <z .
=5P <"« State of sbess AT
s permissible .
H=te
2p X Fx*=0
5P C=z2p-FEp- L o
4—- L
- Elg _ o > ‘I_‘ b Zﬂa' - "(6‘::-56?5:&9)'
Sinb+(g: .,
b 5 o
&3 Zxaasd Jeas@
G = _ B
' = -6"2‘ ﬁ;ahaamzé‘
113
0O 20



» 0

Fer P%G..ne (D} @:50'

For Plc-ne, O] 9= ~i3L}

. — 3012 ] ;
(5,- — k:; 2/; 3 0’._3(-_2_3‘)9}_{,2;57{-1:1!0" éi"" 30-1-3'0 20822 5
= Ta T T Ok et s

— 48 Hpe —

| i = 7.8 Mpa

Gy = — z—c’_’;%igr,(-z}c') + 20 (20 AT o

z 'y T~ - Stmb> + 20 Coogo’
= krpe =

v = 14-3mpq

F"T P‘&mz @, = {%S. FW F{&“E ®) 0= e

w3 25-309

o I ” g 6x‘r“~: — + T cm2yo 2

b = BAR 4 BB n(3q3) 2050 34) . §
2 20 Sia2yo’

= t MP e
P =5 la‘\g rMrR
-C*c",-" = 2’:4;‘ S?.;(’J?")—}-JQUDU:H) A2
= ~f b, Lty = = 5 STadlt" 420 L 2gs’
= = (%233 M Per

114

120 20




11=13 ;.«-17

1okst 9:!!‘0’_

s =228 ? Esr
! _l_, £
K ke zo-(-+40) |

Try'= = sin3ep’~ rzces3o0”

be' y'==
= 6.99ksi .

fi=e4 ’ ]

ST For. plane (13, =160

—o-& (~0)-(-8)
<~ 5, L oo J-r 4 (C

z

e-~7l , 201D petrs) . /8.5 ,35 0 | {;’
U}: = = - _; GOS;W 2 22’5. .
i_‘ Zoksi —s25in30c” - m?:,s"

b) Tope = 28.3 ksi | O=—10 Ksi

3
Fig.i-t7ta) w0/ | Figuumird

@ 0; = =2+ [(£% 20 =p3

0z = ~0-28.3=-38.3 kst

) 0:"'6.2:-.201#51

Toyr= — Sin (=330") - b eos (=>>0%)

= >t kst

11-15 using Eg 11~ ond 11-& -

‘I_) loksi ~ Gsin3»0’ = "Ox + 0‘3 o.K.
ey ffksi‘ . g ¢
N S -4 . o ti1-78 I 20 241 20 o
200 1T Est TxYy ‘-‘“(1;_— Sindao—dees 370" |
AV i lia y o tal
dy/ = - $z4 ksi j[; r l
v Plost- (2D, B=-fi0° - P
F 7 Fig.c1=t8 () IF;g_ o086
¢ Ho-8  (Hod-(-§) " . . 20 20
Dy = —5—+ S Cu3 (=220~ 651200 ks ,
5 ' @) 0, = 22 +(/0%10) =241 ki
= —Iz.of ksi
(40) (-2 Ga= s6=0ra.0 =—=2-1 kst

&) Lmax = 2.] kst , 0= /0 kst

© i+ b= = 20 ksl = Ox+ 0y

342 ] o )
m:—-i—-+l(,_ﬂ_';._§__)+4 2 f0 ks( “l—/7

1 -l R - [
U;'_' r‘:'o,glsm m_:é-‘

check by Mohrs civele

T & 2.4) | Tmax

pLRE) Gz o ki 5
o ﬁ' e g ! 5'-:6-6"
' 9-36.‘. :

%
- iD

'z'm-,; t,a.

= & K$(
' ) A
ti~rk 2 Toae = (250617

4 5 = Fksi
T = (Sr22/2
“: = tksi
2.

7 s -5
~47
32

5 s ’Q é1.16°
Fig. ti~19(e> Frgti-9ebs

@) ;= =15 +(=5"+ za")"{:-. /7 M

0s = —zt‘-sz.a =-47.0 Mpa

(6) Tmax = 32-0 MPa. ,0= —IS MPa
(€} 0, + 02 = =30 = Ox+ Dy

115

0 %0



f1—z0
20 s
20

- 25

——— e

i —10
19 Fag. tr-0te) <ﬁ;:'r=»t9

.
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e‘? Av= 5;.8,4,,;:;;6

assume Asst ,
A= (2co58~35m0)C00s8

5 =(28mB+3Cos8)CosB+ (3348 +6os0) 3D

b) §'= 180~ 2(s53.1)= 73.8°
Ox = 3500 + 350D cos73.8°
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12-1] 5. 92040 _ Goytlh)ed) o | MAximum shear stress 6y, /2 =150 My
3
’ dyp =300 MPq
0 4 -6 ( 0 o 4 4 _(,\
4 <6 8 I=lo ¢ o |+ 4 -1z g | = maxinum shear stress theory control!
% § 4 oo 6/ \-¢ ¥ 3)
spherical deviatoric G, =150 » @, = IR0
m o
12-7 | =, GGt 4o+{0+so =¥p ’
? ~ > ;=180 , G, =150
40 -30 20 50 0 0 -0 -30 20 X
. 130 o 10 por 0;=0
=30 50 1o |=|0 50 0 R
\-—-"’V""--—._—/J \—._""\v“-"—-"‘"
spherical deviatoric | MoxTwium normal  stress Oyp = 130 Mpa
d?j"fﬂf“\]ﬂ"ﬁﬂﬂf {301+ !801 [ > 2
[2-3 = . E464G _ S03T0460 _ i) J+{80)"+ U50) =2 6y,
# ¥ Sip= 167 MPx
50 30 2\ 160 0 9\ [lo 30 0 .
m m =
'_30 .70 -20 ._( 0 60 © 1+(_30 0 _20\ M Tmu 5}\%? S{YQSS G\ﬂ: CfD Hﬂ\
D -20 60/ \o Q 6o U -0 0= mawimum normal stress theor/ contrel /
R = A N W
then‘ml deviatoric
12-5 | ) Gx= =150 MPa, Ty= Ty =0
12-4 | w Oy = 300 MP , Gx=Try =0 The three criteria have the same Gyp

The three criterin have the same Op

U?) G-x= (ﬂa =0 . Tx%= —ISD HP::,
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Zf free 7o expandd end's 2o
not martch. Need & £,
which canno? zx;'_n‘, /wwevzr-,

ZR0 ¢ FR=FR=F

Bots bars corve allke:
- M

AGhCE

M=M= £L

- — W"Aca-e__
7 Z for gne bon
ZE M=

3 EM = Fh/z
= i— = i.__.'z-

Ao AP
CPUATING THE STRAMN AT

THE BOTTOM ©F THE TOP JAR
70 THE STRAIN AT THE ToFPIF

THE BoT70k BAR, ONE HAS

Jaha’

Wér.:.frccz oH

hy ™
o(isT"f'Ih—E—l-?—-_
by 2%
,{7'_'__f..._. ..
RETRE P
F4F,
= - 3T
ﬁ'—+2/o "(d “‘)
I6ET | b o (,-0)ST
A’&FP ZP ( :‘ )
Bt Z ’-’;‘éi‘/;(é) " hesce
2 oly=,) 8T
o ( + )

A:EA: 3(e6-,)87 L2
ARz
13-36 / ’
Z”’“"z*‘/(%“iﬂ P
Soxs0” - Kb, = .
L) (20
) of i e o
\/(Z-Hj‘) +(E
< =
ébxf03= / = =
wre 7+ 2
r = 5-8’6 AT
d :'-_,22(;‘3‘6 = 7?201'?1/
335|205 5 r=ess—0
r+a

B = f (2B Y% 0T

s Mr Ty TEY
5o x 0 ’/(_2_1 )+( a )
803"/03= )_2
ﬂznﬁ,tj (zm",t
I
Sox /0% = g pewgeeT
S LR R e

ff‘m . = rr=4cm |
tT=0.89 ¢

?)’?S?de, d?d-ﬂ&‘é.{.’.r-—_— 2{ r- Z)

= 72-.11 em

=8’-8‘?am_,
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13-36

V- d?a.?rm

S c/z.w_fe_ -] “ ik Y éea)‘i:’?
pfq}fe.s wnden Hle concentrafed

.
+he IR ittt .Suﬁamt _&ﬂf,ac

BX/000 + /7.5 x/2x 0.5
825 x 5.5

= ©0.%e3 Jn
p= =250 /b
. B @ e E g 8 ] =50
f Ead T 1 | T
= Mmwax _ 2203 . '
e 7 B =i 2 0 }
Caws /25D iy
750 750
Az 2 Vmax _ o0 3570
3 - =&7.3) /0 = . she a
ud ?_;' I 24" L ng* k] ma? E: |

chopse stamdard dressed size
S K" x 1157 (ref table 10)

Mmax = 250 x24 = Lopo Lb— in

Vmax = soo /b Ccam yse Table to

W= 4. & H’/ﬁ
. Chovse  Momimak Size 3°xa”
S =y m%, A= &3.3 in 4 p
T S=8do nT . A=P75 in
S 205y z'nsy_s,-!-_&.. . ;_
o 0;,“ = ;u-: 176, 47 psL <
g -_g.ixf?-s'az.z“'x/z )
’ LS25D 0';”5 = /250 psiL
= /¥ 22 1}:,3 o0 K. Zm.m.': 3 VYmax - $vo
SRl M N
% Sk . ZA aIs
A= 4337 >4,+2 2= : :
2 m :'Ej,? F.“'( Z;;J:?_(‘Py:
- O SHIPCxp2
&7 37I+/‘$"—""';_s-:—
= 0. K.
= 4%.03 n* 0. k.
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13-38 | 13-39 " ;
2 ¥t ke x —*1 l‘_x —|
I T A R
TR& f e 1000 mm —y
i A I b
; P P
/= 1€ ’ @
0 0
C Mmax ) feft = ( Mmax ) right &)
I a3 2 = =P -
(wh = 20030 1- L - Lw(t-£) P
= o4 2 = Z
=3 w (e f - L) P &
- ..L (j'-o. )2 m
daa*-9a’0 +4al> L% =0 (4=2) 3y 3P
4a°- 9¢4a% + 6912 —20736 =0 Tooc® 28 Quem) * 25
@ Solve a= 8. .48 £, b=3¢is 2 P= 25000 W
/ z_ s
Mmax = = *2x (3.515)7 = /2.355 Kf
= M
Qv e, BT
Vomox = Rpg~ z2x3-515 = 15.97-2%3515 13 (100Y(150)
= K
.94 g g,
(5) Sreq = Mmax _ /2. 355 x10%xs2 ;
3‘ Oawr F2Z50 I3"4‘D
= 4158.6 "
3 Vmax fl?-‘f-x/&s P
Areg = = _ y
. , T Wy —
=1s7 /n . . 25 P2
4 i
choose Mominal SiZe 12 1
A= /55 int, 5= 349 i’ P/
approximately o. K. C(ref takle /0) @
Ra =7.03% , Rs =f&-‘?‘7g \, o @
pin support lengZt oX A ~Pla
L= _Ba_ _ 183008 & 5w
. Cun 12 -~ Janxéas L ' PL/4
2 Suﬁpgrr-é fen?da??azo‘sg . M /@\
o Goxr03 _ ;
= gt w oo ® 2ag™ 0 0
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Zomm 20mnt
ey = — ke—
3gomm
F
15 mm
+
k—— zoomm —3)

=
L= 13 24023000 - (200)(150% ]
= 4,%375 5|08

mm‘!' ™

@ shear in 8lue

V = Taw I Jc i (U-MH‘S‘S?SX’JDQ)(?’ 75)
8 (200x 75 ) (150-37.5)
= J5600 N

P=2Vv=2302 KN

shear 10 plywoed

13-4

V= T It (03143875 x 158 (2x20)
8 (200 %75 x 112.5}4+( 2% 207150775 )
= 6568 .4N

D=2V =13.14 kN ((enirol )

Meax € _ _ (PL/&)C

(b) ﬁqﬁ.,, z 5 = > =2
- {78 1 2 32 (4.2375”03] 2 .
L*® "t (3140 (15D) 71856 mm
P 131
0 o Lo B o

Use 3055 mm?> bean‘n% Plate

o 1 o s Y
r s
== fot mm ]I'
Soe 2
v D "
=] e=12
\Jﬂ}w"u
Fig VS
M m
& e
T Section :
no_ (/2o x/e ) + (1200 x50 .
? = = 3o mrL
Cr2co =2)
frm Eop
= é&o(20)* E
1 —— 1 (r200)(20) % f#fi") +
¢ rzo0)( 200"
= f.38 % 10% am’®
e
Tn = e 4s1m>.wx$v; G
¢ I /.36x 08
Gidia  BasdD W /0_3 KN S
Z'?/“g = V& _ 3oowxszoo(zod
It (7. 3L xs08)xz0
= 4D x 074
W= 85l %1672 KN Sy
ZPI, = VC": meﬂ(svxzojx.;ﬁ'
Lr (/. 36x/0%) x 20
= bopx s07¢

W= 2.8 = 107> KN/

"Aoazc.iao-fufau Sectivn :
7 i

(2o dor®

= 33 72 = 7-2x10° mmt
A= (box20)x2= 2400 mm=
5‘-&”; M “fmld(-.io), 4,{/&—3

. _- — A2 "/0:

144

150

130




W= 2.3x107° KN/ ma

Zpt- = B¥ = IRRE) _ s Sa= Mo _ Sbdooo s L2
2A 2 x 2400 Oaps 7250
S -3 N
W= 3.2x/07" KNuym
A‘z: _% Vi = /.5 x %?i‘pz/f?-‘??;lz
use reata,,?uﬂzr Sectiert o
13 &N/m @ 4 —_— A/om?fra.ﬁ Size s2"x 22"

with, W = 2.
A= 247 in”

Wr = 887 %,

’3_4‘2 = = 3
- "k/ft Qs 24 £ S = 886 5,
/ = o
Me= G W A% 5 ~ix2exmoonsz S e
i 2
= 344000 lh-in = A T R
- /25D
VL-‘-E’WL.,e:é*xlxzz;:/zx/m - .-
Sr20m0 b BE 2K
3 VW
Steel A=2497 in" > A+ 3 ‘-g"-j:d
e ME Eé4m= . o 3 2 x49.7 x 24
Gase = P W 18947+ = % e
=

i

f‘};: BVL :'/-S_K /2:75’0_:,{.25_ ;,Ll =g - 4? ,.-.,!f

z Zau) Rae
(k> Wbo Wp  _ 0.p68)
(a) = o= g
Chopse. W r0%x 37 W r—— J 53779
We = 39 e A=p3™
3 = g2 n® [3-43
K
_5:4_2‘/,‘43?5.'1“,“'0 z/f{
.. T
= X 3Gy 2 > /2 5
34+ = s TSOF Tsos
= % T S er—— e
= a7 82 in’ o By e T Y
A= 1psn 5 Ay+3 Vo
w ] =< Tawd v—- dfg,gmm i
= 25 +)‘$'A_{K3?X.?4 R ok
iqqoo o
= /.3 ;_n,a a‘k' \Q| e [b\
: =]
(&) WD - WD 0.937 'DK 5
= = 3'?;% 20k

WT  wotwL /
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A:/éc;i&}fﬁ}feg -"—}/Z}:::j
= LS x EoB
oo

= A ;/LQ ﬂ.k

(5) des/‘feu for stecl  boar

_WT == {2'.0 “';L ) x sz
= . 5
me = Ppp k-in Croo) xr2 = rs2¢cp I /ﬂ
Vinax = 20X Mmax = WITE = —"’c/zavx(.zo)x;.z
= 5 ,p\’-/ﬂ.
Sreg = Mmax _ 702 y 7
4 Oa T 24 S48 V., Vi ’
ane INAX :EW’T‘.E—‘- T x A20D X 20
AFB& = -3 I/MM
- 2.0
f.s',x S e i - = P
s I P Z2-08 11 /2
| Choose I raxase
Chavse W s2 x 30 .
Vo = T X220 =g, 24 K
A= 2.77 /".PZJ > = < &
f?reg. Z.08 i Mp = =L A’-Zéx{zo)x/_z
= /5. L K'/v'la

Mmax + Mo

e Sreg = 37.5 n
5 =33 4 /ﬂ.j = SY‘&""
0‘;@6

B s }‘-'_' 7 a;/fz 39= AS‘IE/P
/ ! = G2o+I5- €
(a) a’es: for worden Foisis -
28 = 30, 45 /n”
We = 25 x —-— = so0 I5/FL

A= 2.65 in~ > A.,ea_z %(Vmﬂ-&[/g}
Wo = a¢ x '/T" 33.33 W/f : e
t— ,‘S_X /2"'0.’-‘

/4.4

S d
= /. 277 in- 2.k

WT = We+ Wo = 133. 32 fﬁ/f{,
E’ X /33,33 % (13)> /2

Mimax = ?LWT-QJl:

- i/ o
75+ 75 =/50 !ét

= 29800 tb-In 13_4'5 :
pcs,?m Lload =

Vmax = =L Wy d= L x133.33 52
= &oo (& W o= stp =S = 750 14/ft
Choose A/a;,.;naﬁ_ Size 2'x w2’ - 1
S=376 m® » Sreg= Mrax 28 vy v+ J T 1 T 1 ™°o/m
} “Tu..rﬂ e ’1& 20’ ";r
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T B
Mpax = T = -——-—75”;1”}_: 30¢py, THIb RAE = ax=x
/
Wi R= =
V)ﬂax’ = ——; 22 ?3'92(20)-___ 7570 14 =t
X = )& Rmax = 9 +eon
& e M = 375%”:5225_6 -3
C)-'\.ff Zpo, 00D - ) ! M“: - <42 'ﬁﬂb"fi_
Use S 10 x 2.4 beams I ERXR2INDXC o E.—:?g Eo 8
= !
Comont =V 75U .
e = 2420 ps.
s P pa<lall choose S /78 x54.7
% Gakan chech shear _Sﬁrean‘vC
~ Vimox = 7 ton = Jx2.24 =) 08 K
13- 46 L 1 -
Zana\x - /S8 xAxC
‘,an‘l simy 4.4 m }‘.,fm' P ___ET{:___*% Z”M:J-J’fﬂ:
<P 4 ke
1a 1o
VL) ofi_’l 2 2.k . '
-jo £ -i0 Ig 4-
[ 'l —
MIKN-mY 8
B/ {+) \o o
& RA RB
Oatj = G = L5 - 90, R=25./8m P
< D= $2.3/ mm. RA‘—E;-;::,;X, Rﬁ‘-"—%:;-rf-
Use  $/ mm inmelor 5,{“‘9&;
v,
Z-ma.:c . AV - dxio< V=
34 5 (st £.53 MPa, v £l
< T 1 &4
ARG Vs .
Vi=5-7, 3o 2
13-47 ”
e X = - 1% 22X
: 4= Vs 3™ oo
LRP N JR" vl +
= M) M
~x ~ 0 « o -1 4
4 £ _[ ” i m
=N
ev-3
= N £
M= 2 = _, L o X
y + 3 TR Mz i 23
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S <5
S e — = =
oX 3 Zeo ¢ BE NGRS
M{max = 2pé235
oMz _ ja0 _ 6x _
Sx 3 Poo Cw K= 398D

Mlm“x = 3/_25—0

50,  X= 3950 mm . Mmax =313 ki
" w20, v, =42 =3y L2
X=booo, V=42 =-3° Va=-2
S0, X=0 or boop mrr,
| Vimax | = 32
3
€) 14 x t0°= éjﬂ’;ﬁ Y=astbn
dod h 4
7w ‘?x!ﬂsx o,_-aé'éaa o.fx0. 8
Zlx0.344% x 0./
=  Jsx 0t
TS
T =2-73x;o‘f?4 > J.0x00° Pa

choose h=,.0, T=)x0* Pr ok

1
Codtoo R s dc-=r>=,*s~xaz

C(’CS) =A,e z}:-:- do

!

3> Azdos-LF
]
codoo = ()% do
’pfaﬂ, veewr is He sane A2

ebovation. vitw-

[3-50

-P/xfb't’:r‘ﬁ? 4" standard plpe

T g 7233
i 2.5

E’\E Al Sa=/x(lss)
4 82 in3

use 5" pipe(s=ta4s s
Ege_é: Se=2x%(1.55)
=9 b4 in=

use 2" pipe (521651 0%
E&_C': Se = 3x(/.¢5)
=14.47 in>

use /0" pipe (5229.9 "

F

S= =32/

P

J3=51

(@M, = Gy S, = (602003 ) (1440x[0"°)

number o J- boards = {

= 230.4 N-m

ﬂ?.04.=25_
13-49
)‘or a.p!c( ?:C‘..
x= Eeo P ctuat

P (5000)_ kot I (m2xr0€+2¥200%10 % (153)° )

4 (I54+10) -
P=252.2 kN
Xz Eh= 307,

IenaH\ or wverF’a{e
=5- x1.327 = .34 m — use

(1.346+0,016)=t36Lm
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W (5% (252.2)(5)
g = 4_ = Wn= 100, 33 KN/m
(00.88)(5) - (00-R) . _
2 b e
X=1/.203

|@n3-lh m[? Cnl/ﬁff?lﬂ{"i

=5-2x)203=25%m — use

(2.594+0.016)=2.4)
352 s
wai I _{] L%" 6
corerntty N2 )

CIE

© O T

&
2z (M T7)= S (M7 i)

< A
Ty ~ AT\ H«\
elemenl A L‘;;‘L__)
<olid shaft

use Mohrs cirtle to estimalz 4 0

] o = 3 {'
r=3(6e+4 7% )

TI
(03.7¢)
03 / 0 / o, 5;:%‘”
2 s
\ : =.§L¢9 kpa
[D:*Zf) 0;:__,...,-
7.8
L
32- 6 3z-é —7&
Soxt03xc’? ) .‘foxzoxc )(ﬂno.‘c)
o - /9. & _
(SD"/a3)cC /

C. C=0.097m, A= 0927

by T= wd oy | Tp = Ty,
O = _16
7 s (45T 13-55
= y 55| . dstds J
(ﬂ.m” ( M+ /a75))? T /6o SORT Hein
F= Tiar
’3_’53 t. UB" ¥ =
equation 3) = 39027/ (2x0.45)
, : = £3363 N
A=_f/ﬂl, T it T
T Zall y
£3363 43363N
_ = 3 T() n Tz L-u T/2
= ¥ = N ~ L .
W)—(w +40") = =p 181 P Kk Yot~ Sl __,_D‘zm.‘[‘ iish
Voo = 43363N  Muac = R672.6 Nom
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yse etsm’crun (13-3)

:j J 'i-.'
J—b———m wm,,)wsgss% 8672.6°%)

= 0178 m

use  standay( procedure

S TC 4V Ro2:xib 4« a4

Ta = 5=t 5 Td® | 3ndd
40X(0° = 193763+ 1736154
d_?

U 18 em diameter shalt

[3-56

LREN LRKN

T QookN-mn [ 200 kH-am
2-TkN

t— 300Mm ~— 300mm ——3C0mn —— 3comm —

L3 KA
on

|9
300 k-t T
2.7k

1030 KN-mm

o 0

Morac = 080 KN-om

T wax = 00 KN-mm

Use Q%{,{{l‘tfon (13-3)

/6

;Jr_m"ﬂ-(11:;:30'\"‘i‘l‘)ttti)z = 26.16 mm

i

B"-ST T=4TE TzanF
o 3
30" L 37~ |
3F F T
TF
6 (43 o .
M lin-18) €=
‘ —2rF
Tmac = goF Marpx = -3TF
T I8 BOFIL o o0 HE
or C* —F
= E L=
= MC . 37TERS T
d L N j".1'7?03“‘ = SR
Lo
Corow = o[ ( 2 )48 Fesooo
F =sooe b
[3-58 oo g (0.3P)(0.0315)
SR TR T (et
=11589°F
Te (0.6P) (0-0375 )
= ==
1 =ka'g =l 7 (00375 )
2
= 8p92P

Toax = ﬁﬂ%‘mf +(R6%2p)° = 45x10°

P= 4303 N
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H-u
Te= 3,000

-
T==1 bw)*

A 2 Y A ;
-« -'\_,‘ 4,600*1

—4, soa"f'——- .

[ Torque

1 s | 30

Aoment
(plan view)

124% 1

s ¥
+ 3530 % J

e

d—:

3 EIYSY
b X /0TD

= 2!!
'/-?. %41 4%43. 55

13-60

@ from Fra. 2-25 for lO?c;des

= (9o MPy
Mc

L

£ (8o)*

2 (loo)

(b)

where —

T (100)?

l{,

n

746 N/mm

_ Gan
lan = =

_ md* 4d
&= 3 3t 3

. wdt '_1_:20‘

_ (1%/2.5)
T
243

= 38 MR

T e—

4

VR _

It

= 4\32 = 3R#/0¢

oy
3
) ) 3n

V(
( nd’
4-(146%400)

= 38x1D"
3nd? $

d=5.8%(0m
=58 mm
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