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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
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& (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




0.0115

0.0119

0.0123

0.0125

0.01284

0.01303

0.0133

£=0/1

0.0157

0.0159
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0.0185
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0.0192

0.0193

0.0195

0.0197

0.0198

0.0200
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1000

5.36

0.0203

1740

10.40

0.0393

1020

5.42

0.0205

1760

10.80

0.0409

1040

547

0.0207

1780

11.18

0.0423

1060

548

0.0207

1800

11.31

0.0428

1080

5.50

0.0208

1820

11.34

0.0429

1100

5.55

0.0210

1840

11.36

0.0430

1120

5.59

0.0211

1860

11.37

0.0430

1140

5.62

0.0212

1880

11.40

0.0431
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A=1.4558 * 107"
B=-3.196*10"
C=2.8836*10"
D = 8.8967 * 10~
— £=1.4558*10"" £ -3.196 * 10°t*+2.8836 * 10° t+8.8967 * 10~
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1.6=[(mm/EI) ds
Paaola gl se S
S 3 50 oliel Hu ghlae aaly gm0l
315 IS LL @3 g 550 Glea alilel Hu (5las ualy (s o Sl bl lKe 5035: 0
3l 5L S sl 48 el S im
1 55l wnls S 31 e 5 e S
o5 selad,l s B
Oled Hsae 4 S 58 W8 el sl Gles
sased pone 5l Lok Ll ds
Pendls asalsd ¢ aas 31 0 X olitel ju g A el o 5] g5l waly 5558 ST Cpl by
m=-1(R-R cos 0) (2)
Pl aadl oA ¢ auas 31 OY ulaiel 5o g A aba® Hu 1y 1 ghlas waly s 958 S
m = -1 . Rsin6 (3)
Poudgh ) S G ol e 50 1L ds sk oLl
ds=R. do 4)
P g Soseas Ol (oo L P UL S eam Jhes K
m = -P.Rsin0 (%)
Faaols ol sl
1. 5,= (™ P.Rsin® ( Rsin 0) . RdO

Jo EI
5x=2 * (PR* EI)

“ Bt

15 o 5

1. 8= (™ P.Rsin® ( Rsin 6) . RdO
Jo EI
8y=n/2 * (PR*/ EI) (7)
Lol 5o BB LLL oS opls ps 58 -0
sl o ey OIS i daulae (515 15 ) dasl ¢ Al s liie al e alail s

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*

o palai Sie 555 15 LT wsle 5 su S il db g e Jas L3 sa ey B sla cga
S0 535 9 sad Bl yaulie Gubs ¢ isle)T sl clla 5 S 5a gl wolal 5o 5 anS

.4....4_,:,).'4.‘.4QQ&)ﬁﬁh@UﬁimwGbeQQW‘uﬁ

10




e s5b0 maohis 15 2kg HL 81 e sk 4 o Jlael 15 2KE L0 s sls o) sl
a3 (oo (doan 5 g ea s ool 1) e (IS HudS Gup s s Hles sae 4 el
9 5 il 1 s slasl Lol iS5 asS e Jlael TKE LU ssuls as 55 sl
slelKe 523 5 4 o Jlael 1) 3K L JelS o nls (sl 5 e b (oo Jsun

@l Jsan L0 5 A€ oSBT Joaa g 4 o cadlaals |, 8y 5 (0x= 08X + 8X,)
S oo anlie aa L1, Jlael l (5505 5 (lae

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

CL\.A.U.J:)‘“)J\}A;:43..3Qf“):tt\:\t.:u.u‘bd‘)s‘)ls@Y}LOL&JQMG&Jb&%L&JTJJQ&
3KE 1 suinsl€ ase w0 JolS sl gl Who 1 SiSlan 4535 o Jad ol ol el sl
asd gy 1 lae Slasad GIs8 (oo ol 5 b ol s anS e Jlael 1, 3kg @ L

-l s BB (55658 Hlasas s




((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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aalsa sl (ol S G e (Slle cga ol S Jleel olojd (ula a b
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Gy asS o AILE S dgad sl 25 kgom a8 L 5 su¥ 8 €pad sl 50 kg.cm
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L=521cm
R=0.42 cm

J=nR*/2=n(0.42)"*/2 = 0.48878406 cm"”

T  kgcm
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4
6
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Z=_Pa [-x+3Lx*-(2L*+a®)x+a’L]+ Pab(at+2b) [x’-3Lx*+2L%x]
6EIL 12EIL?




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]

L SSGl s o3l a5l ol £ 38 pae Ll LSS o S Jime s Ko -

teial saal 5a3 50 O @ bagase dauly, g U HL oS il oo Gaasl 45 50

(0<x<a) : z = (Pb/6EIL) [ x’- (L*-b*)x] + Pab(at2b) [x’-3Lx*+2L%x]
12EIL

(a<x<L) : z = (Pa/6EIL) [ -x’+ 3Lx*-(2L*+a®)x+ a’L] + Pab(a+2b) [x’-3Lx*+2Lx]
12EIL°
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0.00 0.5

0.5 0.5

Iox = bh*/12 = (1.99)(0.491)*/12 = 0.02

‘JEJUTCA;J.@‘ —03=0;1t0,=1.22 u_‘.a.c63:132
ot wem,n = (1.32-1.22) /1.32 ¥100 = 7.5 % (b

Pdeade s Ko 5 OlsS u S alla (o
O s S 5 oIS o8 4SS ol o s K4S (658 gl 1) (8 wlla sla,lS lea

s;:\.lgU.nJ.alS“)STJJJA&ﬁmJwe&‘@u‘@bgﬁﬁgbb

ado oo S 5 58 i S s

SN s

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

‘\93‘)‘3"-6&&.‘:‘ —03=0; 1t 0,=2.93
ot a0 = (3.14-2.93) /3.14 100 = 6.6 % (b

shee 83=3.14
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-l om0l 1 () (510 o plat (€1,62) gk L5 ploe 31 (58
R=3.2 mm L=302cm e;=e,=6 cm a=4.25cm
olade S 6J|A§JQJMW‘A:‘:’LQ$¢JMIJ S o5l sla el Lole uns
L xS o5l slgeln 5 aans oo aladl it cpuas 1 Kg sluile 3T ol g 3ok 51 ]
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ok O Olsa sl 58 skl Sladin 555 5 0 wwlbs

e

S (soss) G

e;= 60 mm L=30cm J=0.0164
R=0.32cm G=7.81250
e, = 60 mm a=4.25cm

“ols Lol AL I=M*a o= T.L/G.J
sl o3k | pus sl (kg.cm) (rad)

0.0163 | 0.0059 [=4.25 $.=0.01001

LA anyu =[(0.104-0.01001)/0.104]* 100 =3.75 % WA
slius Hu lha S wal o LB b ae il Jol€ Balsd ave Siely S cage Jo¥o )
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=PY
s 51858 (ol dalae Wl audls ails IS s (0w Sl 6l
EIY’=-M

ORIV EQUF-F-PIP--g

EIY”+PY =0

Y +K*Y=0 (K’=P/EI)  :,a,s

MML}AJ:“}‘:’JHMM‘J%JQJL"‘U‘\}%J
Y= Asin(kx)+Bcos(kx)
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oadls asalsd (5550 bl pd Jleel L
B=0
Asink)=0 — VA=0L kl=nn

x=0, y=0,
x=L, y=0

—
—

y=Asin(nnx/L) —  k=nn/L

—  o’n/L>=P/El  —  P=n’n’EIL’
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
: cutls sl 5550 bl it Jlacl L
(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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2Pk cos(kl/2)
o Sola L2 e X (slas passl css 1) sude by 5ud aaal i S Jls

anled
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,

9 Gosae uos pa &S Glla (gl ke e S 5 51K e S e Jud il (g

WOl s (il g0 pa

Penils aaald 1y 5 JS8 Salial sl sdle S o 35 o3l das L

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)

sl M‘P Sacuds Al,Az,Bl,Bz ‘)34\:&0 BN AEY Ja.i“).n.’b Jlac! L:
(XZO ,Y1:0) (X:L/z , Y]ZYZ)

(x=0,Y",=0) (x=L2,Y’1=Y",)

s walsa 5) o b dls by 5o 58 Saa Hlade (ol 5l
Y., = [ sin(kL/2)- (KL)cos(kL/2)+ kL/2] * A, + G * KL/2Pk ( cos(kL/2)-1)

ao = (7/768) * (GL/EI) Q= (7/768) * (Elay/L*) ,P=Kk’El

Q/Pk = (768/7) * (ay/(kL?))
Pl asal s (V/Y) Sua 5o 38 el 01 b s
Y 12)= { [sin(kL/2)- (kL)cos(kL/2)+ kL/2] [ kL/2 — [ tan (kL) — tan(kL/2)]cos kL/2] +
[(KL/2) ( cos(kL/2)-1] * (768/7) * (ag/kL’)
g alsd ) oo 55 (Sloas Lh nines
P.. = (n’El) / (0.7L)°
byl
S8 0sA la su s Gsad Gup ) (oo G | palle puia Slad i |l
I g (8 ey Gl G0lasn b pupes 03l oo Jiade s g0 Lall S5 «S aias (o
la 00 1 oS el melis a0 580 suls Gpad 4 (5,L08 maa € sk psS o
aiS o )l oF 2 0.4Kkg ools U a9 aiS oo s 15T 5 A o il s
90 15 55 35 Gupen a3iS o aaldS Jais (g9, Jlanon o0y ol o Hlule upe
) Gosae oo GRus e Gl o b e 5 paS o 818 (S o)l el
Iy dossre Jsin 5 piiS oo cdlaoly 1 5 alaso 58 5o 5 80 S wilal Lyl o8 4 A8
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.A.Cbl.sudo 06kg M@‘BGJJ&"J°JJ"
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

EXERY
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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
A 4 S Gl o3 gude SIL gl (sl 5 Il pdadie (o 4igls 10
e 5ol odan ST
she Job i L
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(V) S 5o g ba 5B )0, o plas by 5140 o Jade A calis A
wil e palie i CBliAs LIS (5l Wl e < laa clis ot
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520 sl 51 0T Slale 5 80 ss Hlas slaiel 5o guae alale ju i GBS atils o Grined
Ll e s

1=T/2At

t owloyT olsiws
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oinbe 3T 4 gl —F
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301 wsie saals 53 S 6550 b ulad Hu 1) OSe 5uds (558 o5l sla welis -
6l IS i susas alali b ) anS o s3Il I o€ S B e Sy lals -
(o1 ©2
(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%

O Olosa wlsd @S sl

((slee) paline &) gums




L=45cm b’=21 cm
t=0.12cm G=0.82
*10°
a=a;-t = 3.58
[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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