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lr lrlr ≦ 15 210 lr ≦ 19 255
15 < lr ≦ 75 210 − 0.73 "lr + 0.0099 # lr %& − 17' 19 < lr ≦ 67 255 − 1.0 "lr + 0.011 # lr %& − 23'

75 < lr 210 − 2.9 "lr − 0.0029 # lr %& − 30' 67 < lr 255 − 4.2 "lr − 0.0032 # lr %& − 31'

l/r



l/r

l/r

l/r

l/r



b22fn ≦ t 210 b22fn ≦ t 255
b46fn < t ≦ b22fn 210 − 4.6 # btfn − 22% b40fn < t ≦ b22fn 255 − 6.9 # btfn − 22%
b80fn < t ≦ b46fn 210,000 #tfnb %& b80fn < t ≦ b40fn 210,000 #tfnb %&



σ)* = σ)*- × σ)*: ÷ σ)*;
σ)*σ)*-σ)*:σ)*;

σcag σcal σcao σca

σcag σcal σcao σca



σcag σcal σcao σca
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P*G =  HG ×  I J* ×  I)a 
P*& =  H& ×  ) K × LM   N 0.31OQMP* =  Min(P*G P*&)

UVGUV&
UV∅G

 XNYV ( XNYV =  XNZ) XNZ XM[ MN\QMLM



q G G ×  I ]* ×  I)[
q ×  ]* ×  I)[
q ^ ×  K × L_M

   q* =  Min (q*G q*& q*^)  XN_V 0.7 ×  XNZ N_V 0.5OFM + dM   N\ 0.31OQML_M 0.5 × π × h&

jVGjV&jV^jV∅G∅& XN_V XNZ XM[ MN_V MN\QMdML_M

















kmp = km + s
km = u ∙ w(xy ∙ zy)

kmpkmsuxyzy zy = 5{(≤ 150)zy = h 10{(≤ 100)
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Rayleigh α β 

� = 2�G�&(ℎG�& − ℎ&�G)�&& − �G& � = 2(ℎ&�& − ℎG�G)�&& − �G&  

�G = 2�zG �& = 2�z& ℎG = ℎ& = 3.5 − 2   

Rayleigh C α M β K  
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�V = @�� × � × �A × {Y × �����

�� × � = G.^×��G��� × #��×����×�� % ���
dX = 2 × � × (1 + �)

�V�� × �
G{YDdX′

���dY × ¡Y
�����



��� = {Y�Va = 0.9 × z¢ + [£�
[£� = ¤ × [£ + 1 − ¤5[£ = 15 + @65 × �¥AG.¦
γ = 0.7 × # Ẍ&ẌG − 1%£.^¦     (¤ ≤ 1)
z¢ = ©0.3 + ª« × logG£ #dYdX %¬ × #� %£.®¦

wx = 0.16 − 0.35 × # Ẍ&ẌG − 1%£.^ × #�x %
���{YSLD̈

³G
³̈&dYdX

µ́ = ¶32 w ℎy ∙ @�·¸�¹�·& A
Ẍy&

º
y»G

ẌG = 4¼́
µ

µ́¼y
Ẍy



ℎy
ẌGH

¾V = @h� × � × �A × {Y
h� × � = 1.57 × ¿ × ( Ẍ + ¥̈V) × �

¥̈V = 3.4 × Ẍ� × (1 − �)
¾Vh� × �′{YD̈

X
¥̈V



�À = À × × ÁÀ × {YÀ = 2� × �logÂ @&×ÃÄ� A¤Å = 2.5 × x × (1 − �)
�À� = � × ¿ × � × Ẍ&2 × (1 − �) × ÁÀ × {Y

�À�À�À
ÁÀ{Y�L
D

Ẍ

¾Æ(µ) = ¾Æ(X) × � × {Y¾Æ(³) = � × ¿ × � × Ẍ

¾Æ� = � × �&4 × ¿ × Ÿ × {Y
¾Æ(µ)



¾Æ(³)¾Æ�′{YD
Ẍ̈
Y

�Ç(µ) = {Y × �Ç(³)
�Ç(³) = � × LX(³)
L³(³)L³£(³) = 1.25 × �         (� 1.25 )
L³(³)L³£(³) = 1.0         (� ≦ 1.25 )
L³(³)�& = 2.15 × ( Ẍ̈Y)�£.^¦

³̈̈Y = È 1 − 2 × �2 × (1 − �)
�Ç(µ)�Ç(³)�{Y
L³(³)L³£(³)D

Ẍ̈
Y





É = �V ∙ Ê1 + ËÌ∙ÍÎÌÄÌÏ
         ( )

É = �Ç ∙ Ê1 + ËÐ∙ÍÎÐÄÌÏ
         ( )

�VÉVÅV¢�ÇÉÇÅV¢ÉÊ



ÉVÅV¢ = 3N£ ∙ �Y ∙ � ∙ ′ ∙ {YÉVÅV¢ = 9¾Ñ ∙ � ∙ ′ ∙ {Y
�Y = 1 + ÒÓÔÕ1 − ÒÓÔÕ

N£�Y�′{Y¾ÑÕ
ÉÇÅV¢ = LX ∙ ÖÅV¢
LX = �Ç ∙ �ÖÅV¢ = N£ ∙ Ø[ÔÕ + ¾Ñ

LXÖÅV¢�
�
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Pß&GPISàá 
Sàâ
Sàß





Pã = ÉÆ& + ³Æ
M ä =  Pã ∙ l4  

     S ä =  Pã2              Nä = Sàá
  Pß&S³ÆMäSä

PãlSàá



 

σä =  MäZä + NäAä ≦ σ*ä

NäNäMäAäZäNVä
 

τä =  SäAéêëä ≦ τ*ä

Öä
LìÂÇäÖVä

 

= ( σäσ*ä)& + ( τäτ*ä)& ≦ κ* 

NVä ÖäÖVä  κ*



 



Td =  PãN
ð́PãN



M =  Td × l8
M¦Tdl

σ¦ =  ñòâò ≦ σ*¦

N¦M¦Z¦NV¦



 



         P¥ =  Td × N¥

Mó =  P¥ × XSó =  P¥
MóP¥õSó

P¥Td®
{¥



σó =  MóZó ≦ σ*ó

σóMóZóσ*ó

τ =  SóAöøëó ≦ τ*ó

τó
Aöøëóτ*ó

= ( σóσ*ó)& + ( τóτ*ó)& ≦ κ* 

σ*ó τóτ*óκ*



Ts® =  PãN  

T ®
PãN



Tm® =  M@X × A 

T ®
MX

Td® = T ® + Tû®
 Tü®   1 kN/TI®    1 kN/ Tû®  1 kN/



Tü® ≦ P*®
Tü®  1 Np*®  1 N 



P® =  Tü® × n
w = P®(n − 1)L

P® Tü®    
L



M® =  − GG£ × L& × w ( )
     S® =  12 × L × w

M® S®L

 

N® =  M®Z® ≦ σ*®

N® M®Z®NV®

 

Ö® =  S®A;® ≦ τ*®

Ö®S®Lÿ®τ*®
 

κ = # N®NV®%& + # Ö®τ*®%& ≦ κ* 

N®



NV Ö®ÖV®κ*





∙ a1.6 ∙ ∙∙ ( )0.8 ∙ ∙
∙ w a∙ d(sin � + cos �)
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A A!

A A! ≦ 2 255 lb ≦ 5.0 245 lb ≦ 4.5
255 − 6.6 $ lb − 5.0% 5.0 < lb ≦ 25 245 − 6.2 $ lb − 4.5% 4.5 < lb ≦ 25

A A! > 2 255 lb ≦ 10K 245 lb ≦ 9K
255 − 3.3 $K lb − 10% 10K lb ≦ 25 245 − 3.1 $K lb − 9% 9K lb ≦ 25

K = &3 + '()'*





, ,

) )

 



lr lr
lr ≦ 18 255 lr ≦ 17 245

18 < lr ≦ 67 255 − 2.1 $lr − 18% 17 < lr ≦ 69 245 − 2.0 $lr − 17%
67 < lr

1,200,000
3,500 + / ;? @) 69 < lr

1,200,000
3,600 + / ;? @)

l/r



l/r

, ) C



 

bD tD bD tD
bD9.5 ≦ tD 255 bD9.7 ≦ tD 245

bD16 ≦ tD < bD9.5 23,000 $ tDbD %) bD16 ≦ tD < bD9.7 23,000 $ tDbD %)



 

σ!F = σ!FG × σ!F; ÷ σ!FH
σ!Fσ!FGσ!F;σ!FH



σ!FG σ!F; σ!FH σ!F

σ!FG σ!F; σ!FH σ!F







IJ = LM ÷ f



PF, =  N, ×  O QF ×  O!a 
PF) =  N) ×  ! R × ST   U 0.31VWTPF =  Min(PF, PF))

q , , ×  O [F ×  O!\
q ×  [F ×  O!\
q C ×  R × S]T

   qF =  Min (qF, qF) qFC)  ^U]J 0.7 ×  ^U_ U]J 0.5VFT + cT

dJ,dJ)
dJ∅,

 ^UgJ ( ^UgJ =  ^U_) ^U_ ^T\ TUhWTST



   Uh 0.31VWTS]T 0.5 × π × k)

mJ,mJ)mJC
mJ∅,∅) ^U]J ^U_ ^T\ TU]J TUhWTcTS]T



PFO = UJ^ × o × S









IJ = LM ÷ f
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yz{ = yz + |
yz = } ∙ �(�� ∙ ��)

yz{yz|}���� �� = 5o(≤ 150)�� = k 10o(≤ 100)
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Rayleigh α β 

� = 2�,�)(ℎ,�) − ℎ)�,)�)) − �,) � = 2(ℎ)�) − ℎ,�,)�)) − �,)  

�, = 2��, �) = 2��) ℎ, = ℎ) = 3.5 − 3   

Rayleigh C α M β K  

 

 

 

 

CMK
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�J = /�� × � × �@ × og × ���
��

�� × � = ,.C×��,��� × $��×��
� ×¡  % ¢¢�

c^ = 2 × £ × (1 + ¤)
�J�� × �
GogDc^′

���cg × ¨g
���

��



LJ = /k� × � × �@ × og
k� × � = 1.57 × © × (ª̂ + ª«J) × �
ª«J = 3.4 × ª̂� × (1 − ¤)

LJk� × �′ogDª̂
ª«J



�¬ = ¬ × × ®¬ × og
¬ = 2� × £log° /)×±²� @
³́ = 2.5 × � × (1 − ¤)
�¬� = � × © × � × ª̂)2 × (1 − ¤) × ®¬ × og

�¬�¬�¬
®¬og£L
D
ª̂

L¶(·) = L¶(^) × � × ogL¶(¸) = � × © × � × ª̂
L¶� = � × �)4 × © × ªg × og

L¶(·)



L¶(¸)L¶�′ogD
ª̂ªg

�¹(·) = og × �¹(¸)
�¹(¸) = £ × S^(¸)

S¸(¸)S¸º(¸) = 1.25 × �         (� 1.25 )
S¸(¸)S¸º(¸) = 1.0         (� ≦ 1.25 )
S¸(¸)�) = 2.15 × (ª̂ªg)�º.C»

ª̧ªg = ¼ 1 − 2 × ¤2 × (1 − ¤)
�¹(·)�¹(¸)£og
S¸(¸)S¸º(¸)D

ª̂ªg





I = �J ∙ ½1 + ¾¿∙ÀÁ¿²¿Â
         ( )

I = �¹ ∙ ½1 + ¾Ã∙ÀÁÃ²¿Â
         ( )

�JIJ´JÄ�¹I¹´JÄI½

IJ´JÄ = 3Uº ∙ �g ∙ � ∙ ′ ∙ ogIJ´JÄ = 9LÅ ∙ � ∙ ′ ∙ og
�g = 1 + ÆÇÈÉ1 − ÆÇÈÉ

Uº�g�′



ogLÅÉ

I¹´JÄ = S^ ∙ Ê´JÄ
S^ = �¹ ∙ £Ê´JÄ = Uº ∙ Ë\ÈÉ + LÅ

S^Ê´JÄ�
£
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± ±

± ±



Í Î + Í Î ≤







WÏ = yÏ + �� × |·�WÐ = yÐWÑ = yÑ + �Ò × |·�



I = &WÏ) + WÐ)





U = |WÏ|S × �
Ê = |WÐ|S + |WÑ|S
Ô = VU) + 3 × Ê) ÷ UJ^



� = 2 + $Õ − ©Õ %C



U = |WÏ|S + |WÐ × �|ÖÐ + |WÑ × �|ÖÑ
Ê = |WÐ|S + |WÑ|SÔ = VU) + 3 × Ê) ÷ UJ^







σ = IS
τ = Ù{Ú
Ô = VU) + 3 × Ê) ÷ UJ^
I = −WÏo + |WÐ| × �Û� × o¬ + |WÑ| × �Û¬ × o�
Ü = |WÐ|o + |WÑ|o





U¹ = I × �,Ö = I × �,�) ÷ o¬ × Ë) ÷ 6
I = −WÏo + |WÐ| × �Û� × o¬ + |WÑ| × �Û¬ × o�





U = |WÏ|S + |WÐ × �|ÖÐ + |WÑ × �|ÖÑ
Ê = |WÐ|SÐ + |WÑ|SÑÔ = VU) + 3 × Ê) ÷ UJ^







U¹ = I × �,Ö = I × �,�) ÷ NÞ × Ë) ÷ 6





U¾ = WÏÛ� × Û¬ + |WÐ| × � × 6Û�) × Û¬ + |WÑ| × � × 6Û� × Û¬)





I = −WÏo + |WÐ| × �Û� × o¬ + |WÑ| × �Û¬ × o�
Ü = ßWÐo ß + ßWÑo ß
Ô = $ IIJ%) + $ ÜÜJ%)







U¾ = −WÑ ÷ S



U WÑ ÷ SÊ à × WÑ × áâ ÷ 2 ÷ ÖgÔ = V U) + 3 × Ê) ÷ UJ





PFO = UJ^ × o × S









U = ßWÏ × �,Ö ß + ßà × WÏ × �)Ö ß + ßà × WÏS ß
Ê = WÏSã
Ô = $ UUJ^%) + $ ÊÊJ^%)





U = WÏ × �,Ö + à × WÏ × �)Ö + WÏS
Ê = à × WÏSã
Ô = $ UUJ^%) + $ ÊÊJ^%)







U = äWÏ × (2 × � − å) ÷ 8Ö, ä + äà × WÏ × (2 × � − å) ÷ 8Ö) ä
Ê = ßWÏ ÷ 2S ß + ßà × WÏ ÷ 2S ß
Ô = VU) + 3 × Ê) ÷ UJ^



= $ßWÏS ß + ßà × WÏ × �,Ö ß% × �

Ê = à × WÏ × �, ÷ �)S
Ô = VU) + 3 × Ê) ÷ UJ^

� = 2 + $Õ − ©Õ %C









I = &WÏ) + (à × WÏ × (�, + �)) ÷ �)))

U = I × � ÷ 4Ö
Ê = I ÷ 2S
Ô = VU) + 3 × Ê) ÷ UJ^







U = ßWÏ × � ÷ 4Ö ß + ßà × WÏ × (�, + �)) ÷ �) ÷ 2S ß
Ê = WÏ ÷ 2SãÔ = VU) + 3 × Ê) ÷ UJ^





Ô = VU) + 3 × Ê) ÷ UJ^

U = ßWÏ ÷ 2 × �Ö, ß + ßà × WÏ × (�, + �)) ÷ �) ÷ 2 × �Ö) ß
Ê = ßWÏ ÷ 2S, ß + ßà × WÏ × (�, + �)) ÷ �) ÷ 2S) ß





U = × IË) ÷ 6
I = ßWÏ ÷ 2 × �æ, ß + ç × WÏ × (�, + �)) ÷ �) ÷ 3 × �æ) ç





I = ßWÏ ÷ 2 × �æ, ß + ç × WÏ × (�, + �)) ÷ �) ÷ 3 × �æ) ç
Ü = ßWÏo ß + ç × WÏ × (�, + �)) ÷ �)o ç

= $ IIJ%) + $ ÜÜJ%)





è Î + Ié + Ç�Î = |M × æ¹Ié = 7 ÷ 8 × |M × �� × Væê × æ¹Ç� = |� × �� ÷ å¸ ÷ æ¸



σ! = ∑P × Bí2 × tw



Uï= P × å¸ ÷ 2Õ�
Êï=èI × å¸ ÷ 22 × �













ð (ÕË + ℎË)

ð \

\











∙ a1.6 ∙ ∙
∙ ( )0.8 ∙ ∙

∙ � a∙ d(sin ó + cos ó)







H1

BB





Í õ õÎ ∙
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