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: D = 2080mm

t = 40mm
1 =4.0m
Oy = 99mm
1 6,=2<30"
I O, = 7.35N/mm?

E = 8.8>105%N/m?
v =0.3

a = 3x<10"%/
:h =3.0m
I At=20
:H =30.0m
DY, = 17kN/md
: k, = 9800kN/m?
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O = 0.3x

P, (O ©)

(0-3)
(0.2N/mm?)
(2080mm)
(40mm)

0.2>(2080 40) _

2>40

(N/mm?)

1.530N/mm?
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_ 0.322 W, El

o Z, K, D
Oy : (N/mm?)
W, (24.155kN/m)
E (8.8><10%N/m?)
K, (9800KN/n)
D (2.08m)
IP
Y @ 204
P 64
_ TUx{2.08°-(2.08 2x40.00} | o o
64
ZP
=il
Z, = Z—D'ﬂ = —2x1.2?g;<10 = 1.28>107m®

W

0.322><24.155 8.8>10%><1.33>=<10"
= X’\/ = 460kN/m? = 0.460N/mm?

O = 71 28x<10" 9800><2.08
Wm
) 2P, D .
" T C(a 2htancp)(1 ne
P, : (100kN)
C : (2.75m)
a : (0.20m)
h : (3.0m)
©: (45<=)
i c (0.1)
-2 ( )i
Mm 15 1.5 2.5 2.5
0.4 0.3 0.2
0.3 0.2 0.1
B: (0.9)
-3
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T-25 0.9
T-20 1.0
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2.Hi
Vos =
2
VSi
VDS
Hi i m
Vg : i (m/s)
-4 )
V, (m/s)
10° 10 10°
120N°13 | 156NC-18 | 172N0-18
123N%% | 200N | 205N%i%
122N0.0777 142N0_0777 143N0.0777
61.8N0'211 90N0.211 103N0.211
-5
\ H
H; (m) Vg; (m/s) Vi
1 25.0 1073 2 | 61.8N0-21 71.5 0.3497
2 5.0 1073 5 122N0-0777 138.3 0.0362
30.0 0.3859
10°° 50 205N°-128 334.3
30.0
Vs = 0.3859 - 77.7m/s
2)
T, = 4 i
SN
Te (s)
H; i (m)
Vs; i (m/s)
-6
H
Hi (m) Vsi Vsi
1 25.0 71.5 | 0.3497
2 5.0 138.3 | 0.0362
H | 30.0 0.3859
Ts = 4 > 0.3859 = 1.54s
3)
2L L
L Ll LZ
L" =42 L
Ly = Tg Vis
L2 - TG VBS
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Kg2
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92

=1.54 < 77

(m)
(m)
(1.54s)
(77.7n/s)
(334.3m/s)

7 =119.7m

=1.54 < 334.3 =514.8m

_ 2x<119.7x514.8
~ 119.7 514.8

= 194 _2m

" =+[2194.2 = 274.6n

Y
C, ?‘ Vg2

Yi o2
C V.
27g s

Kg
K2
g
VS
Y+t -
C, ,GC:

1 5><£><71
9.8

3 0><£><71
9.8

(kN/m?)

(9.8n/s?)
(71.5m/s)
(L7kN/m®)
(C,=1.5,C,=3.0)
Ky Ky2

.5% = 13302.3kN/m?

.5% = 26604.6kN/m*
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K™ = C; Ko

K.hl
C, (1.0) (A )
-7 C,
G
A 1.0
B 0.85
C 0.7
K" o - (0.15)
K*,, = 1.00.15 = 0.15
2 7T h”
Uy = s Sy Te K COW
Unt (m
Sy (0.80m/s)
T, (1.54s)
K™y - (0.15)
h* (h" = h D/2 = 4.04m)
Hoo: (30.0m)
2 TTt>=<4.04
Uy = 75><0.80>1.54>0.15C0s— =" = 0.0366m
Uy = % S Tg cosT;—H
2 . 7T h"
Uy = e S*, Tg COSﬁ
Unas ( ) (m)
Unzz ( ) (m)
S*u (
S™y (
T (1.54s)
h” (h® = h D/2 = 4.04m)
H (30.0m)
2 TTU><4.04
U = ;;§><1.00><1.54><00575;:§6TE; = 0.3051m
2 TU><4.04
Uy = ;;3><1.00><1.54><cosr§;:§67E; = 0.3051m

(194.2m)

(0.0768m™)
(0.3883m™)

) (1.00m/s)
) (1.00m/s)




L*: (274.6m)

o = = 0.918
2><r[ )
0.0768<274.6

o = = 1.000
1 ZX—T[ 4
0.3883><194.2
AL\
K N
— N1 _ K
AT E Ap » e = E Ip
Ny (13302..3KN/ir?)
. (26604..6KN/T2)
ES (8.8><10°kN/m?).
Ap : (2.56% 10—1m2)

T {0* (0 2t)%}

(1.33><10"m*)

8.8>10°>1.33>10"

I, :
_ 13302.3 i )
s = \/8.8><105><2_56x10-1 = 0.0768m
26604.6
A = \/ = 0.3883n
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VP, (¥)° 2(0)°
.09 = exp(\V" A:pL'()) ex:)p((\))' A LD
E,00 = \V@:(0?* @007
&0 :
&, :
I : (4.0m )
E (8.8><10°%N/m?)
, (1.33><10"m%)
L : (194 .2m)
L* (274.6m)
Kp (26604 .. 6kN/n2)
A (0.0768m™)
A, o (0.3883n)
X : (x=1/2=2_.0m)

L
266046
- - -1n-1
B = \/4 E I, \/4><8.8><106><1.33><1o-l = 2.746>10

VvBL = 2.060><10 2>2.746><101>=<194.2 = 1.099><10°
MPBL = 1.030><102>2.746>101><194.2 = 5.493><10"!
C, = sin(vBL) sinh(vBL) = sin(1.099><10%) >sinh(1.099><10°) = 1.188><10°
C, = sin(vPBL) cosh(VBL) = sin(1.099><10°)>cosh(1.099>10%) = 1.485>10°
C; = cos(WVBL) sinh(\wBL) = cos(1.099><10% ><sinh(1.099><10°) = 6.063><10"
C, = cos(WVBL) cosh("wBL) = cos(1.099>10% >cosh(1.099><10%) = 7.577><10"
e, = sin(UPBL) sinh(uPBL) = sin(5.493><10") ><sinh(5.493><10") = 3.014><10"
e, = sin(uPBL) cosh(uPBL) = sin(5.493><10?)>cosh(5.493><10") = 6.029><10"*
e, = cos(PBL) sinh(BL) = cos(5.493><10™1) ><sinh(5.493><10") = 4.924>=<10*
e, = cos(uPBL) cosh(BL) = cos(5.493><10")>cosh(5.493><10") = 9.848><10"
A=(C; C) (C C) 2¢7

= ((6.063%<101) 1.485>10°)><((6.063><10) 1.485>10%) 2>1.188><10%

= 9.851><10"
2TV = 2><T71><2.060>=<102 = 1.294>=<10"

f, = %[{cl (C, C) C, (C; C) C, cos(21TV)} % (C; Cp) sin(21TV)]

1
= 9 8ELac 1o LtL-188>107<((7.577><107) 1.188><10°)

(6.063><101)><((6.063><10") 1.485><10%
27T
2.746><101><194.2
((6.063=<10Y)  1.485>10°)><sin(1.294>10")]
= -7.976>107?

1.188>10%><cos(1-294><10"1)}>=<

f, = %{Cl (C; C) C, (C; C) (C; Cyp cos2rTV) C) g sin(21TV)}

1
= S E1c oL 188>10°< ((6.06310)  1.485>10°)

(7.577>10") =< ((6.063>=10") 1.485>10°)
((6.063><10"") 1.485>10°)>cos(1.294>10")
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21T
0 H -1
1.188><10 ><2-746x10_1x194-2)><S|n(l.294><10 )}

= -5.447><101
1 27T _
f; = Z[{C1 € C) C, (G C) C; cos(2rrV)} ﬁ (C; C)) sin(2TTV)]
1
= m[{l.188><10°><((7.577><10'1) 1.188><10%
1.485><10%>< ((6.063><101) 1.485>10°%)
27T
1
V> Ta6=10"=194 2
((6.063><101) 1.485>10%)>sin(1.294>=<10)]
= 3.806>=1072

f, = %[{(:3 €, C) C, (¢, C) (C, Cy) cos(2tTV)} % 2 C, sin(2rtv)]

1.188><10%><cos(1.294><10"

1
= 5 35110 iL{(6-063>107) > ((7.577><10"") = 1.188>10°)

1.485%10°< ((7.577=<10") 1.188>10%)
27T
1
)< 726=10">194 .2

(1.485><10° (6.063><101))><cos(1.294><10"
2><1.188>10°><sin(1.294>10%)]

= 1.051><107?
1
f, = Z{(C3 C)? 2¢C C, 2¢C, cos@rtv) (C, C) - BL sin(2rtv)}
= m{((6.063x10'1) 1.485>10%)2
2>1.188>10%>< (7.577><101)
2>1.188>10°><cos(1.294><10")
27T

(1.485%10° (6.063>101))> ) ><sin(1.294><10%)}

2.746><101><194.2

= 2.060><10"

VIALLT = 1.457>=<102%>=<0.0768><274.6 = 3.073><10"

TAAL" = 7.283%<10°%>=<0.0768><274.6 = 1.536><10"

27TV = 2><T1><1.457><10? = 9.155>%<10"?

2Tt = 2><71>1.030><1072% = 6.472><107?

2TT" = 2><T71><7.283><107°% = 4.576><107?

@) = {exp( WV AL") cos2TTV )} exp(*ALT)
{exp(V'AL") cos@rtvT)} exp( ALY
2sinh(WV " AL") cos2TTA ")

= {exp( 3.073x<10%) co0s(9.155>1072)}><exp(1.536>10")
{exp(3.073><10Y) c0s(9.155><102?)}><exp( 1.536><101)
2sinh(3.073><10"%) ><cos(4.576><102)
= 7.936><107®
@,(X) = 2 sin(2TTV ") Sinh(U*AL") 2 sinQ2TTa") sinh(W ALY
= 2>sin(9.155>10?%) ><sinh(1.536><10") 2>sin(4.576>10%)>sinh(3.073><101)
= -3.634>=<10"
@) =T e; fe, e, sin@rtpy)
= (3.806>102) > (4.924>10Y) (-7.976><102) > (6.029><10%)
(1.051>=<10%)><(3.014><10Y) sin(6.472><102)
= -1.014%<10®
o) =e T,e; Fe fye cos(2rty)
= (9.848>10%) (-5.447>10"1) > (4.924><10") (-5.447>10") > (6.029><107)
(2.060><10"1) = (3.014><10"Y)  cos(6.472><102)
= -1.501><107
4/(7.936><103)? (-3.634>10*)?
S0 = 50(3.073<107) exp( 3.073=107)
E,(x) = /(-1.014=<10%)? (-1.501><102)? = 0.015

= 0.013
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Oy =

O

71t Uy
L

21D U

az Lz hi

o, E

E

o (X)) = &) oy
O'(X) = &,(X) Oy

o,(0) =Y o)} O p(X)?

o, (N/mm?)
O (N/mm?)
o' () : (N/mm?)
o) (N/mm?)
o', (X (N/mm?)
& (0 (0.013)
&, () (0.015)
o (0.918)
a, (1.000)
Upy : (0.0366m)
L s (194.2m)
D s (2.08m)
E : (8.8><10%N/m?)
Y : (8.12)
o, = O.QISXWXS.SXlOG = 4783kN/m? = 4.783N/mm?
oy = 1.000><2x"2><129;,f)82§<0'0366><8.zss><106 = 351K/ = 0.351N/m?

o™ (X) = 0.013=4.783 = 0.062N/mm?
O x(X) = 0.015>0.351 = 0.005N/mm?
o (X) =/3.120.062° 0.005% = 0.110N/mm’
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7T Uppy
Lhz E
2 112 D Uy,
L2
O () = &0 Oy
O 5(X) = E,(0) Oy
o"(X) = ’\/V G'ZL(X)Z O_.zs(x)z

O, = Q4

Op = O

Oy (N/mm?)
Oy (N/mm2)
o’ () : (N/mm?)
O " (X) : (N/mm?)
o, (X : (N/mm?)
& ) (0.013)
& () (0.015)
a, - (0.918)
o, (1.000)
Unas ( ) (0.3051m)
Unzo ( ) (0.3051m)
L . (194.2m)
D : (2.08m)
E : (8.8><10%kN/m?)
Y : (1.00)
o, = 0.918><%x8.8x106 = 39872KN/m? = 39.872N/mn?
Oy = 1.000><2xnzxfg;,roszfo'3051><8.8><106 = 2923KN/i2 = 2.923N/mir?

O, (X) = 0.01339.872 = 0.518N/mn?
O (X)) = 0.015>2.923 = 0.044N/mn?

O ,(X) = 4/1.00<0.518 0.044% = 0.520N/mn’
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D
_Oul
& = ¢
e : (mm)
o, : (1.530N/mm?)
| (4000mm)
E : (8.8><10°N/mm?)
1.530><4000
& = T g 8=10° - 0.695mm
2)
O, |
e, = —E;
e, : (mm)
Oy : (0.460N/mm?)
| (4000mm)
E : (8.8><10°N/mm?)
_ 04604000 _ o
€ = Tgg=10e oM
3)
e, = a At
e (mm)
o (3x<10%/ )
At 0 )
| I (4000mm)
€, = 3>107°>20>4000 = 2.400mm
4)
60m
30m 30m
BRI BRI
-6
-6
N,_=60m h 1=30m
Al =30 0.22 30 = 0.000667m = 0.667mm
Al 30m
€q

e = Al = 0.667mm
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Iyl =up U

U = oy U,
U, = —=u
a \/E h
BT 41 Icosh(By) cos(v))|
! B. sinh(By)
27T 1
yl = L-
K
B, = —4
: E A,
oL
by (& s
B
luyp |- (mm)
U = (m)
u j :
U, (m)
TR ( 1=0.0366m, 2=0.3051m)
: ( ) (4.0m)
E (8.8><10°%N/n?)
A, (2.56>10"%)
L - (274.6m)
Ky (13302..3KN/m?)
BELaL LS B
Yi=Tome T
13302.3
B. = \/8.8><106><2.56><10-1x4'0 = 0.307
1

a, = ) (&)z = 0.918

0.307
— _ 2%=0.092>]cosh(0.307) co0s(0.092)]
Ui = 0.307><sinh(0.307)

= 0.099

1
Uy = —=><0.0366 = 0.0259m
al _\/E

Up; = 0.918><0.0259 = 0.0238m
lu; ] = 0.0238><0.099 = 0.002356m

2.356mm
1

U, = —=>0.3051 = 0.2157m

a2 _\/E

Uy = 0.918>0.2157 = 0.1980m
lu;,] = 0.1980>0.099 = 0.019602m = 19.602mn
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4 121Uy
L2
O : (rad)
I (4.0m)
U, :
L (194.2m)

_ 4><T11*>=<4.0><0.0366

194 .22

4>< 712> 4_.0><0.3051
194 .2?

= 0.000153rad

0.001278rad
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-8
1 2
o, 1.530 1.530
O, 0.460 0.460
o', 0.110 0.520
(N/m?) 2.100 2.510
o, 7.350 7.350
3.500 2.928
e 0.695 0.695
e, 0.209 0.209
e, 2.400 2.400
e, 0.667 0.667
(nm) Ju] 2.356 19.602
6.327 23.573
S, 99.000 99.000
15.647 4.200
o 0°0-32°" | 0°4724""
o 2°30~ 2°30~
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