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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*&)

q G G ×  I U* ×  I)V 

q ×  U* ×  I)V
q W ×  K × LXM

   q* =  Min (q*G q*& q*W)  YNXZ 0.7 ×  YN[ NXZ 0.5OFM + ]M   N^ 0.31OQMLXM 0.5 × π × `&

dZG dZ&
dZ∅G

 YNhZ ( YNhZ =  YN[) YN[ YMV MN^QMLM



jZG jZ&jZWjZ∅G∅& YNXZ YN[ YMV MNXZ MN^QM]MLXM













kmp = km + s
km = u ∙ w(xy ∙ zy)

kmpkmsuxyzy zy = 5{(≤ 150)zy = ` 10{(≤ 100)

4.8log{G + 21     ({ > 5) {G 170{/(N~� + 70
  N~� � G + � ^&  � ( − ℎ�)

 ( )N~� (kN/m&){G 100kN/m& N (kN/m&){� G� ^&  � (kN/mW)(m)ℎ�  
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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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�Z = @�� × � × �A × {h × �����

�� × � = G.W×��G�~� × #��×����× � % ¡¡�
]Y = 2 × ¢ × (1 + £)

�Z�� × �
G{hD]Y′

���]h × §h
�����



��� = {h�Za = 0.9 × z̈ + V©�
V©� = � × V© + 1 − �5V© = 15 + @65 × �ªAG.«
γ = 0.7 × #Y&YG − 1%©.W«     (� ≤ 1)
z̈ = ®0.3 + ¯° × logG© #]h]Y %± × #�² %©.³«

wx = 0.16 − 0.35 × #Y&YG − 1%©.W × #�x %
���{hSLḐ Ģ &]h]Y

¹º = »32 w ℎy ∙ @�¼½¡¾�¼& AYy&
¿

yÀG
YG = 4Á¹º¹ºÁyYyℎyYG



H

ÃZ = @`� × � × �A × {h
`� × � = 1.57 × Ä × (Y + ªZ) × �
ªZ = 3.4 × Y� × (1 − £)

ÃZ`� × �′{hDY
ªZ



�Å = ²Å × × ÆÅ × {h²Å = 2� × ¢logÇ @&×ÈÉ� A�Ê = 2.5 × x × (1 − £)
�Å� = � × Ä × � × Y&2 × (1 − £) × ÆÅ × {h

�Å�Å�²Å
ÆÅ{h¢L
D
Y

ÃË(º) = ÃË(Y) × � × {hÃË(¸) = � × Ä × � × Y

ÃË� = � × �&4 × Ä × h × {h
ÃË(º)



ÃË(¸)ÃË�′{hD
Yh

�Ì(º) = {h × �Ì(¸)
�Ì(¸) = ¢ × LY(¸)
L¸(¸)L¸©(¸) = 1.25 × �         (� 1.25 )
L¸(¸)L¸©(¸) = 1.0         (� ≦ 1.25 )
L¸(¸)�& = 2.15 × (Yh)�©.W«

̧h = Í 1 − 2 × £2 × (1 − £)
�Ì(º)�Ì(¸)¢{h
L¸(¸)L¸©(¸)D

Yh





Î = �Z ∙ Ï1 + ÐÑ∙ÒÓÑÉÑÔ
         ( )

Î = �Ì ∙ Ï1 + ÐÕ∙ÒÓÕÉÑÔ
         ( )

�ZÎZÊZ¨�ÌÎÌÊZ¨ÎÏ

ÎZÊZ¨ = 3N© ∙ �h ∙ � ∙ ′ ∙ {hÎZÊZ¨ = 9ÃÖ ∙ � ∙ ′ ∙ {h
�h = 1 + ØÙÚÛ1 − ØÙÚÛ

N©�h



�′{hÃÖÛ
ÎÌÊZ¨ = LY ∙ ÜÊZ¨
LY = �Ì ∙ ¢ÜÊZ¨ = N© ∙ ÝVÚÛ + ÃÖ

LYÜÊZ¨�
¢
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1 G ± G ≤ a1  

 

 



 

   a1   ∶

≤ a   

 

a

 

à 1á + à 1á ≤   
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a1 

 1.2





2 &
2 ≤ a2  

 

 

2  

  a2   ∶







â (ãÝ + ℎÝ)0.8 bt ht Alt

t â V1.6 bt ht Awt

V



 

 



















På&GPISæç 
Sæè
Sæå





RC RC

Sæç
u



M é =  Pê ∙ l4  
     S é =  Pê2              Né = Sæç

MéSé
PêlSæç

σé =  MéZé + NéAé ≦ σ*é
 NéNéMéAéZéNZé

 

τé =  SéAíîïé ≦ τ*é 

 

 Üé
L�ÇÌéÜZé  

 



= ( σéσ*é)& + ( τéτ*é)& ≦ κ* 

NZé Üé     ÜZéκ*



 

Td =  PêN
¹óPêN



 

M =  Td × l8
M«Tdl

σ« =  ôõèõ ≦ σ*«



N«M«Z«NZ«

 



         Pª =  Td × Nª

Mö =  Pª × XSö =  Pª
MöPªùSö

σö =  MöZö ≦ σ*ö

NöMöZöNZö

τ =  SöAúûïö ≦ τ*ö
 Üö

Pª¹ü{ª



AúûïöÜZö  

= ( σöσ*ö)& + ( τöτ*ö)& ≦ κ* 

NZö Üö     ÜZöκ*



Td³ =  PêN  

Tý³PêN

 

Tý³ ≦ P*³
Tý³  1 N p*³    1 N 



P³ =  Tý³ × n
w = P³(n − 1)L

P³ Tý³    
L

M³ =  − GG© × L& × w ( )
     S³ =  12 × L × w

M³



 S³L

N³ =  M³Z³ ≦ σ*³

N³M³Z³NZ³

Ü³ =  S³A;³ ≦ τ*³
 Ü³S³Lÿ³τ*³

κ = # N³NZ³%& + # Ü³τ*³%& ≦ κ* 

N³NZ Ü³   ÜZ³κ*





s1 sl s3
s2 st s4
st t ∙ a1.6bt ∙ ht ∙ Awt
sl t ∙ (bt ht)0.8bt ∙ ht ∙ Alt
s4 1.15Ss ∙ w aAw ∙ d(sin  + cos  )

Ss Sh Sc
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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   Ud 0.31VWT

eJ, eJ)
eJ∅,

 ^UhJ ( ^UhJ =  ^U_) ^U_ ^T\ TUdWTST



S]T 0.5 × π × k)

mJ,mJ)mJC
mJ∅,∅) ^U]J ^U_ ^T\ TU]J TUdWTcTS]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  
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�J = /�� × � × �@ × oh × ���
��

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

c^ = 2 × £ × (1 + ¤)
�J�� × �
GohDc^′

���ch × ¨h
���

��



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

LJk� × �′ohDª̂
ª«J



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

�¬�¬�¬
®¬oh£L
D
ª̂

L¶(·) = L¶(^) × � × ohL¶(¸) = � × © × � × ª̂
L¶� = � × �)4 × © × ªh × oh

L¶(·)



L¶(¸)L¶�′ohD
ª̂ªh

�¹(·) = oh × �¹(¸)
�¹(¸) = £ × S^(¸)

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

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

ª̂ªh





I = �J ∙ ½1 + ¾¿∙ÀÁ¿²¿Â
         ( )

I = �¹ ∙ ½1 + ¾Ã∙ÀÁÃ²¿Â
         ( )

�JIJ´JÄ�¹I¹´JÄI½

IJ´JÄ = 3Uº ∙ �h ∙ � ∙ ′ ∙ ohIJ´JÄ = 9LÅ ∙ � ∙ ′ ∙ oh
�h = 1 + ÆÇÈÉ1 − ÆÇÈÉ

Uº�h�



′ohLÅÉ

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|SÔ = VU) + 3 × Ê) ÷ UJ^



� = 2 + $Õ − ©Õ %C



U = |WÏ|S + |WÐ × �|ÖÐ + |WÑ × �|ÖÑ
Ê = |WÐ|S + |WÑ|S
Ô = 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 ÷ ÖhÔ = 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 \

\





H2

H1

B







∙ a1.6 ∙ ∙
∙ ( )0.8 ∙ ∙

∙ � a∙ d(sin ó + cos ó)







H1

B





Í õ õÎ ∙
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