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P=0.6 F, A W= (p-1.8) Li/Lr
Paaole Gsad cwnia sladdis )

L=2.64 cm = 264 mm
b= .49cm h=27mm = 0.27 cm
A=bh=0.49 * 0.27 =0.1323 cm’
F,=300 — p=0.6 F,A — p=0.6 * 300 * 0.1323 = 23.814
W=(p- 1.8) Ly/Lx — W=(23.814-1.8)4.5/31.6=3.134 kg
Li=4.5cm Lg=31.6 cm

s - w5 o Jlael 550 2900 kg o 3.134 kg sla 0 oliuabl s Jlael )
o IIB O s, ool 4 Gliabl s GBS B Ha b, (W) sad dalas )y
5 2al sad alil Hiis g gslaia o€ anS o SIS 1) cela o)l SIS Gl 5 U5 anas
S Gl 3y lealidls 5 958 e (o] 4 (LA 558 535S 35ls ssad (el Laia
15 (0) G b suas ¢ (((23A S b culiie ) wll ¥ sgan Sl Juslsd Lo

c e (oo JUBI 55 Jsan Gl (Joaa 4 5 aiS oo ol

T(s) O(mm) e=06/1

G509 SaS saijlad 4 Ml b Yo (glwe el sd 5o dpad Job Gl (il 51
o2 g Jsb Olalnd) swias Glas o anld o LT 51, sae A€ e 8 el
C,Z,IJAu.oT:.\.w_\.g@&.ﬁdld’;wSJ‘}emuJ\JamAJgﬂlﬁ%%
G 1, ((0sad dsb oialdl Gid ) 15 OIS Col - sl o was dadin Jua Gollas hled]

J.\.a.u_):aQKL.quSQLAM)JQJJJ.:L&J‘:;MJAS&’A:\AJUA‘:L;J@L;

& (mm) e=06/1 & (mm) e=0/1

20 2.6 0.0098 3.57 0.0135

40 2.8 0.10 3.64 0.0137

60 2.95 0.0111 3.71 0.0140
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0.0430
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0.0211
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0.0212
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A=1.4558 * 107"
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D = 8.8967 * 10~
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m = -1 . Rsin6 (3)
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m = -P.Rsin0 (%)
Faaols ol sl
1. 5,= (™ P.Rsin® ( Rsin 0) . RdO

Jo EI
5x=2 * (PR* EI)
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1. 8= (™ P.Rsin® ( Rsin 6) . RdO
Jo EI
8y=n/2 * (PR*/ EI) (7)
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x=1/2 * (PR¥/ EI) (8)




dy=n/4 * (PR’/ EI)

O ly 59 5 5L b JalS (sl ol L (g

§x= (2/n-1/2) * (PR* EI) (10)

Sy= (n/4- 2/m) * (PR’/ EI)
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R=15.45cm b=2.51 cm h=0.442 cm
[=bh¥/12 —1=(2.51)* (0.442)*/12=0.018061727 cm*

:ﬁ:‘J‘d°J£‘J;°:‘:‘L5‘):‘
R=15.45cm b=2.51 cm h=0.46 cm
[=bh¥/12 —1=(2.51)* (0.46)’/12 = 0.020359446 cm*
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R=15.45 cm b=2.5cm h=0.45 cm
I=bh¥/12 —1=(2.51)* (0.45)’/12 =0.018984375 cm*
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2{.\3\)‘4&0‘55)3“(5‘)3
P=3kg
slee 1 0y = 0.40 mm
( Ax; = 0.35 mm
] — AX; + AX,=0.55 mm
| Ax,=0.20 mm

55 1 8x=(2/m-1/2) (PRYE]) — 8x = (2/mn- 1/2) 3*(15.45)° =
2.1*10°%0.018061727

=0.039851226 cm = 0.39851226 mm
o550 8y = (1/4 —2/m) PRVEL  — 8y = (/4 — 2/m) 3* (15.45)° =

2.1*10°%0.018061727

=0.043397828 cm = 0.43397828 mm

3&3)”%;"4&36‘):‘

slec 1 P=1kg
oy = 1.72 mm
ox =2.9 mm




p=1 < s :8x=2(PRYEl) — &x=2 1*#(15.45)° =
2.1%¥10°%0.020359446

=0.172516326 cm =1.72516324 mm

8y =m/2 (PRYEl) — 8y =m/2 1*#(15.45)° =
2.1*10°%0.020359446
0.135494004 cm = 1.35494004 mm

:‘A:sJ‘Jb):s|JC::JL5‘J:a
P =2kg
slee 1 0x = 1.15 mm Oy = 1.71 mm
o1 dx= 1/2(PRVEI) —dx=% ( 2%(15.45)° )=
2.1¥10°%0.018984375

=0.092505989 cm = 0.92505989 mm
s 8y = mA(PR/EL) — 8y = m/4* ( 2*%(15.45)°
2.1¥10°%0.018984375

=0.145308068 cm = 1.45308068 mm
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((sos5) : Alite LalS s aline (gla 55 (15 5ad drlas
105 kg slel€ b 2kg B jim 31 Ciline slasl Jlael b sl s 585 e 4eulas

(oS &)
8x= 1/2(PRVEl) — % * 0.5*15.45° =0.23126497 mm
2.1%10°%0.018984375
8y = m/4(PR/EI) — m/4* 0.5*%15.45° =0.36327017 mm
2.1*10°%0.018984375
Sx (y="Y2 * 1*15.45° = 0.46252994 mm
2.1%10°%0.018984375

Sy (1) = m/4 * 1*15.45> = 0.72654034 mm
2.1%10%0.018984375

8 (15 = Y2 * 1.5%15.45° = 0.69379492 mm
2.1%10°%0.018984375

Sy (1.5) = m/4 * 1.5%15.45° = 1.08981051 mm
2.1*¥10°%0.018984375

8X (2= 0.92505989 mm
Sy o= 1.45308068 mm

Y AL o Sl B i 5l aline slajls Jleel b o ls o 55 sl 585 5d sl
(ous):aSuls
dx = 2(PR’/EI) &y = m/2( PR’/EI)

OX (=2 * 0.2%15.45° =0.34503264 mm
2.1%¥10°%0.020359446

Sy (2 =m/2 * 0.2%15.45° =0.270988 mm
2.1¥10°%0.020359446

8X (4 =2 * 0.4*15.45° = 0.69006529 mm
2.1*10°%0.020359446

Sy (4 =m/2* 0.4*15.45° =0.54197601 mm
2.1¥10°*0.020359446
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8X (6 =2 * 0.6*%15.45° =1.03509794 mm
2.1*10°%0.020359446

dy (g =m/2* 0.6*15.45° =0.81296402 mm
2.1%¥10°%0.020359446

O (5 =2 * 0.8%15.45° = 1.03509794 mm
2.1¥10°%0.020359446

Sy (9 =T/2 * 0.8*%15.45° = 1.08395203 mm
2.1*10°%0.020359446

Sx () =2% 1*15.45° = 1.72516324 mm
2.1¥10°*0.020359446

Sy 1y =m/2 * 1*15.45° = 1.35494004 mm
2.1%10°%0.020359446

0.5kg a8 L 3kg 5 yio 5l calits slajl Jlael b JolS s la 555 (515 55 5ad daeslas
8x = (2/m - 1/2) ( PRY/EI) 8y = (/4 — 2/m) PR’/EI

8X (0.5 = (2/m - 1/2) * 0.5*%15.45° =0.06641871 mm
2.1*10°0.018061727

8Y (0.5) = (n/4 —2/m) * 0.5%15.45° =0.07232971 mm
2.1*10°%0.018061727

&x = (2/m-1/2) * 1*¥15.45° =(.13283742 mm
2.1*10°0.018061727

8y 1y = (n/4 —2/m) * 1*15.45° = (0.14465942 mm
2.1*10%%0.018061727
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8X (15 = (2/m - 1/2) * 1.5%15.45° =0.19925613 mm
2.1*10°0.018061727

8y (1.s) = (n/4 —2/m) * 1.5%15.45° =(0.21698914 mm
2.1*10%%0.018061727

8X )= (2/m-1/2) * 2%15.45° =(.26567484 mm
2.1*10°%0.018061727

8y (2= (n/4 —2/m) * 2%15.45° =(.28931855 mm
2.1%10%%0.018061727

8X (25 = (2/m - 1/2) * 2.5*%15.45° =0.33209355 mm
2.1*10°%0.018061727

8Y (2.5) = (n/4 —2/m) * 2.5%15.45° = (0.36164856mm
2.1%10°0.018061727

8x 3= 0.39851226 8y (3 = 0.43397828
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Z=_Pa [-x+3Lx*-(2L*+a®)x+a’L]+ Pab(at+2b) [x’-3Lx*+2L%x]
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0.5 * 20 [ -50°+3*80*50%-(2*80%+20%)*50+20**80]=-1.5 z
6*10.5*10°*0.02*80

0.5 * 40 [ -50°+3%80%50%-(2*#80%+40%)*50+40**80]=-2.5 z
6%10.5%10°%0.02*80
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(0<x<a) : z = (Pb/6EIL) [ x’- (L*-b*)x]
(a<x<L) : z= (Pa/6EIL) [ -x’+ 3Lx*-(2L*+a’)x+ a’L]
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(0<x<a) : z = (Pb/6EIL) [ x’- (L*-b*)x] + Pab(at2b) [x’-3Lx*+2L%x]
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(a<x<L) : z = (Pa/6EIL) [ -x’+ 3Lx*-(2L*+a®)x+ a’L] + Pab(a+2b) [x’-3Lx*+2Lx]
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Py (kg)

P, (kg)

slec d(mm)

55 O(mm)

1

0.5

0.00

1.13

2

0.00

0.5

1.80

3

0.5

0.5

3.14
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y=Asin(nnx/L) —  k=nn/L
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N=1 el alls 1) slate Gy ieS (el 3 ol 51 (Sl Hb e Sl a2 s b
P.= n°El/L? b eadly asal g3 4y
o2 Bl Ll a5 sosme 5o pa € Gl gl Jiade 4 Ho ae Sad Glas (0
Gos oo o S Flla sl Vb Ll g, LIS b asalsa o o w g (o0 0)ls e
Sosne Db UK Gallas assl crss 1) ude 3k 85l (o0 )l sedie 5 (oila LL aa
Caas bl I8 sae b 50 Q UL S usd o w)ly e 2 Q (ula LGP
faaost (oo s Jol 4t (sl 1 Jolas e ¥alae S8 o,

0<x<L/2 :M=Q/2 +x+P*y
EIY” =-M
EIY” + PY = -Gx/2

Y” + K*Y = -Qx/2EI (k* = P/EI)
Y= Asin(kx) + Bcos(kx) — Qx/2P
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(x=0,Y=0) B=0
(x=L/2, Y’=0) A=_G * 1
2Ph  cos(kL/2)

y=0 * 1 * sin (kx) = Qx/2p
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Y(1/2) = Q_(tan(kl/2)-(k1/2))
2Pk
a= QL’/48EI Q=48EI * ay/L’ ,P=KEl (L2, i)

Y(1/2) =24 (tan(kl/2)-(k1/2))* a,
(k)
kl= =V P/P,,

Y(1/2) =24 *[p T (tan(n/2(N P/Po))- (/2(N P/P)))* a,
T P,
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0<x<L/2 : M =( Q/2 + My/L)x — My+ Py
L/2<x<L : M = ( Q/2 + My/L)(L-x)+ Py

EIY” = -
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Y+ kY= (-1/EI)(G/2 — My/L)x + M/EI

Y= Asin(kx)+ Bicos(kx) — (1/P)(Q/2-My/L)x+M,/P
Y’ + K*Y,= (-1/EI)(G/2 — My/L)(L-x)

Y,= Assin(kx)+ Bycos(kx) — (1/P)(Q/2-My/L)(L-x)
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L=70.5 cm b=2cm h=5.2 mm
Y1/2 P Q P/Pcr Pcr
0 0 0 0
0.95 0 400 0
1.9 13.3 400 0.265
3.8 25.9 400 0.517
5.7 32 400 0.639
7.6 35.9 400 0.717
9.5 38.3 400 0.765

[=bh’/12=2%0.525°/12=0.024 P, =m’El/L*=

(1 205 * 10°%0.024)/70.5% = 50.04

ade 5uSs 5 SIS HuSs (sies -

Y1/2 P/Pcr Pcr
0 0 102.12
0.7 . 0 102.12
1.4 . 0.745 102.12
2.8 . 0.890 102.12
4.2 . 0.940 102.12
5.6 . 0.940 102.12
7 . 0.949 102.12

[=bh*12=0.024




P, = m°El/(0.7L%) = (x* * 1.05%10°%0.024)/(0.7%70.5)*
H &b)’i’ O)w
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Canlen oo S el el (595 1, Uk sadS HlaBe 5 (Alaass i g5

€ gad s Do= 8.6 mm

6.1

Gsad Jsb Le=75 mm  calis Ag=0.58 cm’

otala3] € sad i

F
(kg)

AL
(mm)

e= AL/Ly

c=F/ A()
(kg/cm?)

200

0.14

0.0018

344.82

400

0.20

0.0026

689.65

A=0.29 cm®

600

1034.48

800

1379.31

1000

1724.13

1200

2068.96

1400

2413.79

1600

2758.62

1800

3103.44

2000

3448.27

2200

3793.10

2400

4137.93

2600

4482.75

2800

4827.58

3000

5172.41
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4827.58 : Saai.£ 5172.41 ¢ b 5
4 pad 4Ll

Jub (il s as ,u =100 * (7.7-7.5)/7.5=2.66%
calis (2alK wn 0 =100%(0.58-0.29)/0.58 = 50 %
c=E.¢ — E=o0/¢ — E=265250kgf/cm®
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o= (T*L)/(4A’G)| ds/t
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(M=1kg). axas o 5108 1Kg 5L« LIS,0 L8 51 S5 (59, -0
(O1 O ) S o cutlusls 5 (558 83081 1 LslSe 5uis —#
Gead Jsb L=45.95 cm G=820312.5
eelas t=0.12 cm a;=3.5 cm

b=20.85 mm b=20.85 cm
a=a;—t =3.38 a’=A =11.42 cm?
[ds/t=4a/t=4%3.38/0.12=112.67

m =1 kg o, = o0;=0.03 mm
m=2kg o, = o;=0.06 mm

Zﬁ)‘d m=1kg 6‘):’

bp =(0o1+0,)/b=2.88 (rad) L
T=M.b T = 1%20.85=20.85 (kg.cm)
0. = (20.85%45.95)/(4*11.42°%0.82%10°) * 112.67 =2.77 (rad) (5,55

s s o :|¢E'¢c|/¢c *100=3.9 %

P asslam=2kg (sl s
O =(01+06,)/b=5.75(rad) e
T=M.b T =2%20.85=41.7 (kg.cm)
e = (41.7%45.95)/(4%11.42°*0.82%10°) * 112.67 = 5.44 (rad) (s,
i wenys =[O - dc [/ e * 100 =3.1%
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[ds/t =4a/t =119.33

¢ =(oito) /b | T=M.b’ | = (T*L)/(4A’G)
(rad) (kg.cm) [ds/t

2.88 20.85 2.77

5.75 41.7 544
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