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s w2l
A mm’ x mm* |y mm® | XA mm® | yA mm®
72*45=3240 36 22.5 116640 72900
-1/2*27*45=-607.5 9 15 -5467.5 1125
2632.5 - 1111725 63787.5

XY A=) XA= X(2632.5)=111172.5=> X =42.2mm
y> A=Y yA= y(2632.5)=63787.5= y = 24.2mm
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1__] B | o @ | 8
A mm? X mm®* |y mm® | XA mm® | yA mm®
1/2*12*15=90 8 5 720 450
21*15=315 225 75 7087.5 2362.5
45 7807.5 28125

XY A=) XA= X(405)=7807.5= X =19.28mm
y> A=Y yA= 7(405)=2812.5= y = 6.94mm
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6mm , 8mm
@ 8 mm
r=4mm 12 mm
x
- -
omm
(0]
e -
_r 1Z v
Dlmm
-hmm— X b
A mm? X mm mm?® | XA mm® | yA mm®
14*20*280 7 10 1960 2800
-n(4)*=-16n 6 12 -301.59 -603.19
229.73 1658.41 2196.8

XY A=Y XA= x(229.73)=1658.41= X = 7.22mm
yY A=Y yA= ¥(229.73)=2196.8 = y = 9.56mm
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A mm? X mm XA mm

1 1/2*30*72=1080 20 21600
2 1/2*48*72=1728 46 79488
> 2808 R 101088

XY A=Y XA= X(2808)=101088 = X = 36mm
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i
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s 4 varn Rw
e 42 m —
A mm® X mm? y mm* | XA mm® | yA mm®
1 42*44=1848 3 22 5544 40656
2 -1/2*18*12=-108 -12 4 1296 -432
3 -1/2*24*12=-144 16 -2304 -576
z 1596 - 4536 39648

XY A=Y XA=> X(1596)=4536 = X = 284mm

y> A=Y yA= y(1596)= 3968 = y = 2486mm




WWW.ICIVILIT gl o cpwihigo g b gmdtd ol JG 9

..\c.lfdmaf‘Jﬁi&b)‘)dbﬁbé‘échﬂwmff‘}apﬁ'

T /
30-1711/
54 mm
|
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48 mm
{
|
S4mm = 72mm
- :wll-l)
@
4._&:.:':“—1
+C (S4410
27 | o i
: . .
C34 ——‘F ;
®
(V2= 63) =
l— 48
26
Fadka 4ol
A mm? X mm*> | y mm® | XA mm® | yA mm®
1 126*54=6804 9 27 61236 1837.8
2 | 1/2*126*30=1890 30 64 56700 120960
3 1/2*72*48=1728 48 -16 82944 -27648
py 10422 200880 277020

XY A=Y XA= X(10422)= 200880 = X =19.27mm
yY A=Y yA= y(10422)= 277020 = y = 26.6mm
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20 mm
r={l5mm
30 mm
- X
fe—30 mm—|
] {30- ‘{:—,s)m
0]
B
2w 30mm
'L— [}
t—— 1 e
A mm? X mm y mm XA mm® | yA mm®
1 30*50=1500 15 25 22500 37500
2 | -w2(15)°=-353.43 23.634 30 -8353 -106029
> 114657 14147 26897

XY A=Y XA= x(1147)=1.415*10" = X =12.34mm
yY A=Y yA= y(1147)=2.690*10" = y = 23.5mm
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F r=38 mm
l6mm/
i
X
20 mm
4x3e Q@
;“ e ™= 10w
- -l = s-“
o
\J
A mm? X mm®* | §y mm® | XA mm® | yA mm®
1/2(38)°=2268.2 0 16.1277 0 36581
-20*16=-320 -10 8 3200 -2560
1948.233 3200 34021

XY A=) XA= X(1948.23)=3200 = X =1.643mm
yY A=) yA=> y(1948.23)=34021= y =17.46mm
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r=10 mm ]
X
b "
4x10
) ——
" E |
‘ ® X
A mm? y mm® yA mm?®
1 10*10=100 5 500
2 -1/2(10)*=-78.540 4.2441 -333.33
z 21.460 - 166.67

y> A= yA= y(21.460)=166.67 = y =7.77mm
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y
=12 mm n?srb\
X
h |
axe 1
® A o e
b S
A mm?® y mm? yA mm®
1 -1/2(8)7=-100.531 3.3953 -341.33
2 1/2(12)7=226.19 5.0930 1151.99
T 125.659 - 810.66

y> A=Y yA= X(125.659)=810.66 = ¥ = 6.45mm
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((12450, r:60\/§mm, )_(:0 Q)Uﬁ}j)l{lg)
_2rsina 2(60v2mm
y= 3 = ( ): 50.930mm
o *T0
3*7,
Y
60 mm | 60 mm
N
| / 90 mm
60 mm r
L)
-1 1 |
®
+ T = o
0 C -p AEJ A
1 X [ %
@7\_%‘4-' 4 sl
A mm® y mm® yA mm?®
1 1/2*120*90=5400 30 162000
2 1/4(60)*=5654.9 60-50.930=9.07 51290
3 -1/2*120*60=-3600 20 -72000
h 7454.9 - 141290

y> A=> A= §(745.9)=141290 = y =18.95mm
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Fackes 4 slal

94
4a-3)
A mm? X mm?® y mm® | XA mm® | yA mm®
W/2*47%26=1919.51 0 11.0347 0 21181
2 | 1/2%94*70=3290 | -15.6667 -23.333 -51543 -76766
z 5209.5 - - -51543 -55584

XY A=Y XA= %(5209.5)=-51543 = X =—9.89mm
y> A=> yA= y(5209.5)=-55584 = y = —10.67mm
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x=ky?

.3.18
Bxé4 4
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' X ‘ =
@II{JL\{‘

A mm® x mm* |y mm® | XA mm® | yA mm®
2/3*8*4=21.333 4.8 15 102.398 32000
-1/2%4%4=-16 5.3333 1.3333 -85.333 -21.333

5.333 17.065 10.667

XY A=Y XA= x(5.333)=17.065=> X =3.2mm
y> A=> yA= y(5.333)=10.667 = y = 2.00mm
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60 mm
T
Fe— 75 mm—°] o
- 3S)iem “
- 1S wmen
(120- 3% 120)mm
5 20 waen
% r
A mm? X mm®* | y mm® | XA mm® | yA mm®
1| 2/3*75*120=6000 28.125 48 168750 288000
2 | -1/2*75*60=-2250 25 20 -56250 -45000
z 3750 - - 112500 243000

XY A=3"XA= x(3750)=112500 = X = 30mm
yY A= yA= y(3750)= 243000 = ¥ = 64.8mm
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L—l-— l%ll@) -

A mm® x mm®* |y mm® | XA mm® | yA mm®
1/3*30%20=200 9 15 1800 3000
m4(30)=706.86 | 12.7324 32.7324 9000 23137

906.86 10800 26137

XY A=Y XA= x(906.86)=10800=> X =11.91mm
y> A= yA= y(906.86)= 26137 = y = 28.8mm
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y -
\‘
" y=kx3 150 mm
C.\ -
/|
B @ GB S
© l Py s - 2
e %, -l X - ‘izl- X 30 mm 30 mm

{’75@ el m=30mm BE) ‘Jy‘)k\z.o s

Y % 30)’
y=k®=22="2=y, =(150) — | =18.75mm
X 60
X, = f(60)mm
)
X, = g(3o)mm

Y, = ;(150)mm

y, = %(18.75)mm

A mm? X mm* |y mm?® | XA mm® | yA mm®
1 1/4%60*150=2250 48 42.857 108000 96429
2 | -1/4*30*18.75=-140.625 24 5.3571 -3375 -753.35
> 2109.4 - - 104625 95675

XY A=) XA= X(2109.4)=104625 = X = 49.6mm
y> A=) yA=> y(2109.4)=95675= y = 45.4mm
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y

r ro

af 4 L

x
*
“
«T Q@ _Squ9 (O X3
kg &l 1H

2 _sin(n/2-a)

. —gr cosa
Ya=3" (n/2-a) 3 7%(n/2-a)

A, - (75/2 - OL)"22

faslie Hsb 4
_ 2 cosa )
ylzgl‘lm, A2=(7Z'/2—a)rl
y, =2, _Cosa ,1 2. cosa ,
= 2.9 :§r2(7z'/2——0() (z/2-a)y; ]_grlm (7/2—-a)r, ]
=§(r23 -r’ )cosa
ZA =(z/2—a)} —(z/2-a)} = (ﬂ/z_a)(rzz _ r12>
Jl

yY A=) yA= V[(zz/z - oz)(rz2 —r? )] = %(rj —r} )COSO{

_2r)-r} cosa
=Y=7- 2
3r, -1’ 7/2-«a

21
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Slopls B (orkin S pn o gurdin (S o s (ST foa 1o oo 11 457 (55 oms 0L I

.w@&ﬁ(rl‘krz)/z tlx.&m
1 sin(n/2-a) 1 cosa
y_ (rl 2) (TC/Z—(X) _2(r1+r2)(ﬂ:/2—(x.)
_2r)-r’ cosa rP-r (r,-r )(r22 + 11, + rf) 7 +nr, +r}
Y=377_ = - =
3r, -1 (n/Z—OL) r,—n (rz _rl)(rz + rl) rh+n
=S A
r,=r+A, L=r—A

:r:%(rﬁrz)

-1 (r+A +(r+ANr—A)+(r—A) 3r2+A?
r2-r? (r+A)r-A) Cor

‘U A—0, r1—1; @5) RS )

r-rP 3 3.1

2 =—r=—*=(r+r

rZ-r? 2 2(l )

- 2,3 cosa -1 cosa
==*—r =>y==(n+r)——
y 3 4(1 2)n/2—(x y 2(1 2)1t/2—(x

el Jg B dslas U &S
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)&

ﬁ
Q‘
|
s ST STal |
3 C L * l\'\ @ s
* R l 31 l
L_bz_.] x X
A mm? y mm?® yA mm®
1/3b,h 1/3h 1/6b,h?
2 1/2b;h 2/3h 1/3b;h?
> 1/2(by+by)h - 1/6(2b,+b,)h

y> A=> yA= [1/2(b, +b,)h]=1/6(2b, +b,)h*
2b, +b, h
b,+b, 3

or y=

23
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4 Cod 5 S 53 0ts 03 QL T phaie 8 ool g ol Oles s ol o pllas Y

YY 5 XX S 0 sla ) s

12.7 ¥

10.16

4
\J
A

I, = > Aldx)dy)

12.7*1.27(2.54)(1.41)+10.16*1.27(- 3.175)(-1.765) = 130.1cm*

24
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M)J-U?;.N:ﬁ“' #3/\' dkw@\aﬁbbé‘wﬂadﬁe:buwLs.;jq-c:ﬂY\

Q@‘ij)|&|‘,>éy4xk§@}\r>=>)‘

9 A3
I ¥} Rse
Ay A i 3
LOmm
— 53-.&’.\:_%‘:5 _____ A
Ormm = - R = M
die bl o 2o e (X N S
R 175 vaen

..))jTC/.wJ.gX)fudjmo:‘:Qw
S o s B S5 llas Cead B 0 e |5 O 95 o
sin 20L=£:>20L=34.85° = o =17.43°
175

20> S5 Sl eslial b s 5 52 93 4035 52,571

V =2nyA=2n) YA

A mm’ y mm?® yA mm®
1 10*5=50 25 125
2 | [60-17.5(1-c0s34.85)-3.75]*(6.25)=331.9 312 1037
4 3.75%10=37.5 5 1875
4 -n/4(3.75)°=-11.04 10-4(3.79/3m)=8.408 -92.86
5 A(17.5) 2*17.5sin(17.43/3a)*sin17.43 3204
6 -1/2(17.5c0s34.85)*10=-71.81 1/3(10)=3.333 -239.4

25
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> yL =1338mm°
V = 2n(1338)=8407mm’

V=%(20)2(8O):25133mm3
)y Zows Sl o pn= (Voo >l b ) /(V ol (1l o) X 70 e
4:5J;'Mu))"MJ>=(Vov\.i-@\Jb'c:o—v&ﬂ@)/(\/cﬂf‘}éﬂ)x‘/\“
1_ﬂ)*100
25133
(0ds Oolo (gl ) ol iy o 5 g 5178970
0313 QL (i p B3 p o iLd gy o S5 Gollae 2 55 S L1 Ll Sz & e YY

. kgr e .
e oz 847019 /n 3 i S S Sl |y o

| 2 o
%
a L\hst.n.s‘naqm —

T et

A cb#bbj.)jl[)‘j@bv.@\djjﬁo-vQT).s‘%fm:pVl{@‘j|ﬂ@)ﬁ-d;j(ﬁ

Zr{)\b.J)jTC_Mn-\{X)fudy

26



WWW.ICIVILIT gl o cpwihigo g b gmdtd ol JG 9

a =176.886—73.951=2.935mm
sing = 125 = 9.5941°
75
2a = 26° —9.5941° =16.4059°
.J‘)JT@.& ok oals OLiS Lghcld.ujb ;‘}g-JL@,?:- Ob))j‘ Q‘j@ Q)AQ}-LM

:{"'f-)bdﬁ:b-:f};@'}ﬁjlf‘f

V =2A=27) YA

A mm? y mm® yA mm?®
1 [ 1/2*6.886*37.5=1441.61 1/3(37.5)=12.5 18020.13
2 -a(75) [2(75)sin8.203]/3=sin(8.203+9.5641) -12265.30
3| -1/2%73.951%12.5=462.19 1/3(12.5)=4.1667 -1925.81
4 -2.935%12.5=36.688 1/2(12.5)=6.25 -229.30

D" yA=3599.72mm*
V =27(3599.72) = 22617.7mm*
kgr

—3*22617.7*10_1m3 =0.1916kg/r = m =191.69r
m

= m=_38470

27
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el PR PR E RSB S A PIC 5 ESPR FPS RNV U-VRNSFEA 4y

y
100 mm

250 mm

y)j"-‘d}"‘)li"‘)n aj\ﬁ\@w&lncbm&bj:j‘&‘jdﬁbACchlaMC.:-Lmiméd

el el ol B 5,187 LT et
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A= 7aXL
y =250m, X =100mm
250 = K(100)* = k = 0.025m™
X, =X
dy ’ dy [ 2,2
dL = 1+(&j dx:&:ka:dL: 1+ 4k“x“dx

KL= [ Rydl = [*x(Vi+ akex o)

100
L= 2L @ akee
3 4k

1 1 {[ 2 2 /2 3/2} 2
=—_ = 1+4(0.025)°(100 -1 =17543.3mm
12 (0.025)° ( ) (100) ] <

A= 7(17543.3mm? )= A =55.1*10°mm?
SSaady o geadun 35 ol SIS 3lae 9.17%10°Kg 05 4 S ngh{di.ldafu.\'\c

x|

0

Sl yhi (6 o o)l 393 Jow g2a Csliens 938kg/M®

5 mm

=

5 mm

m = pAt (ke

A =2%L=2a=27) XL sl Jol anis

29
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L mm X mm XL mm?

1 7.6 38 28.88
2 4.8 76 36.48
3 8.8 9.8 86.24
4 106 12.0 12722
5 36 108 388

6 11.2 9.8 109.8
7 1738 132 234.9
8 25 16.6 415

9 112 174 194.9
10 4.8 168 80.64
11 156 78 1217
) 1474.6

A, =27(1474.6)=9265.2mm?

:>917*104=:93&92652( jt::>t:1056mn1

0*10°

30
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7310kgr/m® I8 a4 (s3UIT 51 bao rge 5 (51 a5t oo o5 (lae rgn okl S5 YO
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3 mm

[imi

3 mm
{3
/
x
m= v o o
A =27%A=27) XA el g3 48

V = 27(453.12mm? )= 2847mm°
m =7310*2847*10"° = m = 0.0208kgr
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L mm X mm XA mm?

1 2.25 1 3.25

2 3.62 1.75 6.34

3 6.75 34 22.95
4 4.32 3.3 14.26
5 4.83 3 14.49
6 8.44 35 29.54
7 6.3 41 25.83
8 19.31 2.5 48.28
9 2.84 3.1 8.80

10 14.8 3.8 53.88
11 1.46 6.7 9.78

12 6.41 6.8 45.59
13 2.05 6.7 13.74
14 45 7.2 32.40
15 3.34 6.95 2321
16 8.51 7.35 62.55
17 5.22 7.9 4124
) 104.33 453.12
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