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2. 

(1998)
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73~136 (1997)

4. 
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5. Newmark, N.M. and W.J. Hall, Pipeline

Design to Resist Large Fault

Displacement, Proceeding of the U.S.

Nation Conference on Earthquake
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416~425 (1975).

6. Kennedy, R.P., A.W. Chow, and R.A.

Williamson, Fault Movement Effects

on Buried Oil Pipeline, Transportation
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No. TE5, pp. 617~633 (1977).

7. Wang, L.R.L. and Y.H. Yeh, A

Refined Seismic Analysis and Design of

Buried Pipeline for Fault Movement,

International Journal on Earthquake
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Vol. 13, No. 1, pp. 75~96 (1985).
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microfiltration, MF ultrafiltration, UF

nanofiltration, NF

reverse osmosis, RO

0.1-10 m

0.001-0.1 m

0.0001-0.001 m

colloid fouling

scaling biofouling

silt density index, SDI RO

RO SDI

3.0 RO

SDI

ASTM American Society for testing

and Materials D4189-951 ASTM D4189

<1.0NTU

SDI 30psi

0.45 m

0.45 m

SDI

1 SDI

U(

*   



2 SDI

3 SDI RO

4 SDI

5 SDI

ASTM

30psi

1

SDI

47mm 0.45 m 500ml

1

2

3

4 40psi

2min

5 47mm 0.45

m

6 30

psi

7 500 ml

8

500 ml

ti

9 5 15

500 ml

tf

10 ti tf

SDI5 SDI5 SDI15

1 47mm

25mm 90mm

2

500 ml

tc

0.2 m

3 ti < 0.9 tc

ti > 1.1 tc

250

ml 100 ml

2.4

U( 



SDIT silt density index T

SDI 15

ti 500 ml

min

tf T 500 ml

min

0.45

m

tf

SDI15

6.67

SDI

2, 3 3

RO

SDI

SDI

SDI

SDI SDI

SDI

SDI

SDI

5

15 100%

tE SDI MSDI, modified silt

density index

MSDI = 1/tE 100

SDI
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Grilon 4

RO

SDI

modified fouling index

SDI

500ml

SDI

SDI

VTOT

Qp VTOT Qp

1/QP ~ V
n
TOT

n 1 n

SDI

Glucina 5

integrated membrane system

1 UF

- -

RO

UF

2

UF SDI 1.2

4.3 UF

UF

TOC

TOC

UF SDI RO

RO

RO SDI

RO

SDI

RO

As 6 SDI

1. SDI

dead-end UF

RO crossflow

SDI

2. SDI

0.45 m RO

0.002 m 0.45 m

U( 



RO SDI

3. RO

SDI

1. American Society for Testing and

Materials Standard (1995), Test Method

for Silt Density Index (SDI) of Water,

D4189-95, Philadelphia, P.A.

2. Allison R. P. (1995), Electrodialysis

reversal in water reuse applications.

Desalination 103, 11-18.

3. (2000)
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1 

pH 8 6.09 8.16

NTU 10 2 176

UV m-1 6.12 4.8 8.2

TOC mg/L 2.2 1.4 3

S/cm 524 503 536

Ca2+ mg/L 89 81 95

SO4
2- mg/L 24 20 30

SiO2 mg/L 6.2 4.6 8.1

NO3
- mg/L 21.7 17 25

NH4
+ mg/L 0.3 0.2 0.5

2 UF

UF

NTU 0.1 0.2

SDI 1.2 4.3

cfu/100mL 0 162

UV m-1 5.8 2.0

TOC mg/L 2.1 1.2

THM g/L 83 55



p.200-210

4. Grilron J., Chaikin D. and Daltrophe N.

(2000), Demonstration of CAPS

pretreatment of surface water for RO.

Desalination 127, 271-282.

5. Glucina K., Alvarez A. and Laine J. M.

(2000), Assessment of an integrated

membrane system for surface water

treatment. Desalination 132, 73-82.

6. NSF International (2001), Removal of

Arsenic from Drinking Water,

Environmental Technology Verification

Report, Hydranautics ESPA2-4040

Reverse Osmosis Membrane Element

Module, US-EPA.(http //www.epa.gov

/etv/01/hydranautics_vr.pdf)
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(NO3
-) 10 mg NO3

--N/ L (44.3

mgNO3
-/L)
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(Gayle et al.,

1989 Mateju et al., 1992)

1997

1997 1997

1998 BioNET®

1999 2001

Membrane Bioreactor, MBR

(1)

Solid-Liquid Membrane

Separation Bioreactor SLMSB

UF MF

(2)

Bubbleless Aeration Membrane

Bioreactors BAMB

silicone rubber 

(3)

Extractive Membrane Bioreactor EMB

MBR

(1)

(2)

(3) Biomass

( 4 ) S l u d g e

Retention Time, SRT

(5)

U( 
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(9) F M
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MBR side stream

recirculated MBR
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MBR Activated Sludge, AS



submerged integrated
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transmembrane

pressure

MBR
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Recirculated MBR

E xc ess S ludge

In fluen t

E ff luen t

E xc ess S ludge
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Integrated MBR

Effluen t



Microfiltration, MF

Ultrafiltration, UF

0 . 1 - 1 0 m 1 -

100nm

(Barreiros et al., 1998; Chang et al.,

1993; Delanghe et al., 1994; Wasik et al.,

2001)

(dialysis)

(Fuchs et al.,

1997 Mansell et al., 1999)

(Fonseca et

al., 2000)

(Nonporous)

(

1999 2000)
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0.3- 2.4 m3/m2/day B

4 gNO3-N/m2/day

A

1.7- 2.8 kgNO3-N/m3/day 0.16- 1.23 gNO3-

N/g SS/day 0.2- 1
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1989 Douchy UF

UF

1200m3/day 1992

10-25 mgNO3-

N/L Atrazine

de-ethylatrazine simazine

UF

4 0 0

m3/day

Lyonnaise des Eaux

UF Aquasource

Chang et al., 1993 Urbain et

al., 1996

PAC

UF

* TSS 1 g/L

PAC 0.5 g/L

50% TSS
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crossflow velocity

60- 70

L/h-m2

*

*

UF

THMFP

UF PAC

1.

62-

67 1997

2.

24-30 1997

3.

89-95 1997

4.

25-29 1998

5.

BioNET

22-33

1999

6.

U(



67-72 1999

7.

935-939 2000

8.

BioNET

3-17 2001

9. Barreiros, A. M., C. M. Rodrigues,

J. P. S. G. Crespo and M. A. M.

Reis, Membrane Bioreactor for

drinking water denitrification,

Biopro. Eng., 18, 297-302, 1998.

10. Chang, J., J. Manem and A.

Beaubien, Membrane Bioprocesses

for the denitrification of drinking

water supplies, J. Memb. Sci., 80,

233-239, 1993.

11. Delanghe, B., F. Nakamura, H.

Myoga, Y. Magara and E. Guibal,

Drinking water denitrification in a

membrane Bioreactor, Wat. Sci.

Tech., 30, 157-160, 1994.

12. Fonseca, A. D., Crespo, J. G.,

Almeida, J. S., and M. A. Reis,

Drinking water denitrification using

a novel ion-exchange membrane

bioreactor, Environ. Sci. Technol.,

34, 1557-1562, 2000.

13. Fuchs, W., Schatzmayr, G., and R.

Braun, Nitrate removal from

drinking water using a membrane-

fixed biofilm reactor, Appl.

Microbiol. Biotechnol., 48, 267-

274, 1997.

14. Gayle, B. P., G. D. Boardman, J.H.

Sherrard, and R. E. Benoit,

Biological denitrification of water,

Journal of Environmental

Engineering, 115, 930-942, 1989.

15. Hoek, J. P. van der and A.

Klapwijk, Nitrate removal from

ground water, Wat. Res., 21, 989-

997, 1987.

16. Mansell, B. O. and E. D. Schroeder,

Biological denitrification in a

continuous flow membrane reactor,

Wat. Sci. Tech., 38, 9-14, 1998.

17. Mansell, B. O. and E. D. Schroeder,

Biological denitrification in a

continuous flow membrane reactor,

Wat. Res., 33, 1845-1850, 1999.

18. Mateju, V., S., Cizinskaa, J. Krejci

U( 



U(

and T. Janoch, Biological water

denitrification a review, Enzyme

Microbiology Technology, 14, 170-

183, 1992.

19. Urbain, V., R. Benoit and J.

Manem, Membrane bioreactor: a

new treatment tool, J. AWWA, 88,

75-86, 1996.

20. Wasik, E., Bohdziewicz, J., and M.

Blaszczyk, Removal of nitrate ions

from natural water using a

membrane bioreactor, Sep. Pur.

Technol, 22-23, 383-392, 2001.
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1

... 160 1,850

24

24

1.

2.

3.

4.

5.

U( 
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6.

7.

8.

9.

OA

383

140

8 21

3

U( 



U(

1.

2.

3.

4.

70

5.

185

6.

7.

8.

21

1.

2.

90 5

3.

4. 21

19

5.

19 1

6.

7.

8.



Mery-

sur-Oise Tailfer

2000

Mery-sur-Oise

Nanofiltration, NF

NF

Tailfer

(GAC)

U( 

*   



1. 2000

2. 2000

3. 2000

MEDEF

4. 2000

Li l le

Auchan

Auchan Express

5. 2000

Mery-sur-Oise

NF

Vivendi/Generale des eaux

Ms.Claire Ventresque

6. 2000

7. 2000

8. 2000

9. 2000

10. 2000

U(



Tai l f e r

Mr.Hilaire De Crem

11. 2000

12. 2000

BOO/BOT

MEDEF

E-mail NF

Vivendi/Generale des Eaux

Claire Ventresque

Guy

Bablon

SEDIF

Seine Choisy-

le-Roi 800,000m3/

U( 



U(

CMD Marne Neuilly-sur-

Marne 800,000

CMD

O i s e

M e r y - s u r - O i s e

132,500CMD

Oise

SEDIF

340,000CMD Marne Oise

Biological granular activated carbon

,BAC

Oise Seine

Marne Mery

Choisy Neuilly

SEDIF Generale des Eaux

Mery

-ntu 30 250 78

- s/cm 330 800 560

-mg/L 150 720 435

PH 7.7 8.3 8.0

- mg/L 3 10 3.9

- mg/L 3 7 3.8
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- mg/L 0.2 0.9 0.5

Atrazine- mg/L ND 1.0 -

Oise

C.Ventresque Oise

TOC 10

10 mg/L SEDIF

TOC 2 mg/L Mery

TOC

SEDIF Mery

TOC 2 mg/L
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bicarbonate

NF SEDIF



2,800CMD

1993 Auvers

6,000

Mery

bag filter NF

NF

200

168

Filmtec NF70

1,400CMD

0.7KWH

THMFP

Auvers

NF

Microfiltration ,MF

NF

M i c r o s a n d

Polymer

Silt Density

Index,SDI 3 1

m/mL 200
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remineralization
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H
2
SO

4

F ilmTec

NF200B

2 0 m g / L C aC O 3

100mg/L 20mg/L

CaCO3 80mg/L

40 s/ cm 380 s/cm

NF200B

90%

NF200B

Biological process

200,000 CMD

30,000CMD Oise

PAC

H2O2

N F

140,000CMD
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NF 1996

1999

NF

178,000CMD

pH 7

Actiflo

0.5 1mg/L

5mg/L

NF

20.6NTU

0.05NTU 1.5 m/

m L 2 2

Total coliforms/100ml 0.4

DOC 2.1mg/L

NF 2mg/L

Anti-scalant

pre-filter 6 m

410 60

2 0 , 8 8 0 C M D

167,000CMD 24 36

5bar 20

NF70 NF200B

NF70 NF200B

Thickness 1,500-2,000A 200A

Composition Polyamide Polypiperazine

Microporous support Polysulfone

Support Nonwoven polyerster

Feed Spacer 28-mil polypropylene

9 strands/in

Permeate spacer 10-mil tricot,48wales/in

55 courses/in

Number of leaves 30

Per module

Effective membrane 37m2 400sqft

Suface



DOC

1.5 m/ml

2.3 SDI 2.8 NF

NF

108 54 28

190 1,520

6 Spiral

wound module DOW Filmtec

NF-200B-400

400

9,120 3,648,000

338,900

1

8 12bar

NF

17,500CMD 140,000

CMD 85%

T O C 0 . 1 8 m g / L

BDOC

50nano g/L
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30~60%

recorbonisation

20~55%

NF

On-line particle counter

55

Level 3

NF

degassing tower

UV reactor

U(

1 NF200B-400

SEDIF 10% Manufacturing

faults tests Hydraulic tests Performance tests

MgSO4 2g/L CaCl2 500mg/L Atrazine 4 g/L

5bar Permeability



NF

pH

450

1997 20.6%

4,500 NF

4,850

1

3,500 44

SEDIF 14 NF

20

8% 0.048

0.3 NF

0.12

Mery

30 50

Fabrimetal

Mr.Philippe de Buck van Overstraeten

Fortis

Mr.Jean Gennart

E s c o

Transmission Transurb

Donaldson

Mr.Verstraeten

Compagnic Intercommunale

Bruxelloise des Eaux ,CIBE

Mr.Hilaire De Crem

CIBE 1891

U( 



40

38 210

60% 40%

Vedrin 3 CMD

M e u s e

Tailfer

500 221

4,100

4 2 13

387,000

Tailfer

100 Meuse 1969

1973 65,000CMD

1976 260,000CMD

1993

2000

2001 10

20

Meuse

2mm

1.7mg/L 8

3

Degremont

Aquazur 3,500KVA

ISO 9002

Meuse

BAC

BAC

5

CIBE 1,400

U(
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112

57

40 15

87

16

Franc 25

Mr.Hilsaire De Crem 57

27 30

Mr.H.De Crem

Tailfer CIBE

CIBE

88 89

MF UF NF

( )

( )

( )

( )

( )
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TOC COD

0.05mg/L 1

AS2O3

Para celsus, 1493-1541
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Christine Todd Whitman

30%

82%

3

4

1942

0.05mg/L

1996

0.01mg/L 2001 1 22

2001 3 20

60

0.01mg/L

5

0.05mg/L 0.01mg/L

0.05mg/L 1942

1963
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0.05mg/L

0.05mg/L

1993 0.01mg/L

0.01mg/L

0.01mg/L

6

1999

0.05mg/L 5

0.003mg/L

0.02mg/L

0.05mg/L

0.01mg/L
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1.

2.

3.

4.

1.

6.34 mg/L

5.43 mg/L

4.55 mg/L

0.93 mg/L

0.49 mg/L

0.17 mg/L

U(



A254/NPDOC SUVA

SUVA

2. 1000

daltons 38%

10000 daltons

25%

1000 daltons

THMFP 53%

THMFP

HAAFP

3.

1 mg O3/mg NPDOC

4.

BDOC

1. 

A254

BDOC BDOC

2.

GAC

H2O2

NPDOC A254

- GAC

U( 



GAC

NPDOC -

THMFP

- THMFP 30-50%

NPDOC -

THM

GAC THMFP

100

g/L NPDOC A254

THM

GAC

Br 0.17mg/L

THMFP 20%

B r C H B r C l 2

CHBr2Cl -

GAC

G A C C H B r C l 2

CHBr2Cl CHBr3

73% Br

HOBr

h y d r o p h i l i c

neutral

HOCl CHCl3 humic

acid fulvic acid -

GAC

GAC

HOBr Br THM

HAAFP

40-100

g /L THMFP GAC

10-30 g/L

MBAA DCAA TCAA

Bromate BrO3-

BrO3-

10 g/L

0 . 0 6 7 ~ 0 . 0 7 3

mg/L BrO3-

GAC

GAC

BrO3-

BrO3- Br-

3. A - 2 5 4

THMFP HAAFP

5.4 mg O3/L

1.2~1.3 mgO3/mg NPDOC

U(



HCO3-

5.

NPDOC

0.1 mg

H2O2/mg O3 UV-

254 THMFP HAAFP

H2O2 O3

6.

A254

7.

1. 

NPDOC 5 30

1

mg/L

NPDOC

A254

A254/NPDOC SUVA 4 5

m-1 0.5 2 m-1/mg

- A254

SUVA

NPDOC

2. THMFP HAAFP

THMFP

400 g/L 50

g/L 90

N P D O C A 2 5 4

U( 



THMFP

T H M F P

CHCl2Br CHClBr2 CHBr3

48 Br-

THM

HAA

40 60 g/L

25 g/L

60

HAAFP MBAA DCAA

BCAA

HAA 41

MBAA BCAA DBAA

- GA

GB 51

56 HAAFP DCAA

MBAA

HAAFP

3. 300 g/L

HOBr /OBr-

HOBr /OBr-

GA

25

g/L GA

10 g/L

U(
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4.1   ��������	
  

4.1.1  ��
�������  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� -4.1.1 ��
������  

*   



U(

4.1.2  ����  

��� ����!�"���#��$%&'()��*+,-.  

4.1.3  ����/0  

��1�2���/0345 (4.1.1)���6!7���89:;<

= GT $>? -4.1.3 @AB$C� ��!��$DE�F I 0��.  

si

i
n

iG V

H
T

1
4

=
Σ= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.1.1) 

�G$ GT H���89:;<= ( )s   

iH HF i��I�JK ( )m   

siV HF i��I�*+,- ( )s/m $3LM -4.1.1 NO.  

 

 -4.1.1  ����*+,- (�*PQ�RS )  

( )s/mVs

 T T        ,-  

*PQ  
�I/0  

310−  410−  610−  

UV�  129 1830.N  156 1830.N  172 1830.N  WX�  
YZ�  123 1250.N  200 1250.N  205 1250.N  

UV�  122 0777.0N  142 07770.N  143 07770.N  [X�  
YZ�  61.8 2110.N  90 2110.N  103 2110.N  

\ )]LMY�U��^_`Bab@AB.  

] ���cd*PQef5 310− �g$h!�Df5 610− �g.  

 

 -4.1.2   *+,-  

No. �Iij  Ng  )s/m(Vsi  k\  

�  lY  12 104 [X�  

�  lY  25 184 WX�  

�  lY  50 300 !�  

 



U( 

� -4.1.3� ������	
��  

	
��  	
�
����� GT ( )s  

���  20.TG <  

���  6020 .T. G <≤  

���  GT. ≤60  

 

� -4.1.4� ���������  

No. ��  
�!"  

iH ( )m  
������

)s/m(Vsi  sii V/H  

�  #$   3.0 104 0.0288 

�  %  20.0 184 0.1087 

Σ  %  %  %  0.1375 

� � � � &' -4.1.1 ��!	
��()*+,-  

.	
�
����� GT /  

( )s..
V

H
T

si

i
n

iG 5501375044
1

=×=Σ=
=

 

012�!	
���34���5  

 4.1.4  678�
�����  

678�
���9� (T): 2.1.6 ;0<�=  

(1)>?@ABCL.W.LD�
���9�  


















+

××
××=

22

121
3

2

l

a

Eg

q

a

l
TL

π
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.1.2) 

EF2 LT ->?@AB�
����� ( s )  

l-?G�H C?IJKL1MNO=2PQR>?H 1

30.1 m�D  

a-?G�ST (  4.5 m  )  

q-UG�VWGXMN (  2.5 3m/tf  )   



U(

E-YZ[\ (  61072 ×. 2m/tf  )  

g-M�]� (9.8 2s/m )  

( )s.
.

.

.

.

.

.
TL 180

130

54
121

1072893

522

54

130
2

6

2

=

















+

××××
×××= π

  

 (2)^AB�
�����  


















+

××
′

××=
22

121
3

2

lEg

ql
TH

α
α

π
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.1.3) 

EF2

l

l
tanh

t

q
qq

α

α
α

×










 ×

×
×

+=′
3

3

2
0  

t-?G�_U" (  1.00 m  )  

0q :>�VWGXMN (  1.0 3m/tf  )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

' -4.1.2     ?G`a�bcde  



U( 

( )����

���

���

���

���

���	

����
�	 �����

�

�

�

�
����

�

��
�	 =

×










 ×

×
×

×+=′ �

( )
�
�

�

��

�

�

�
�

�
	��

���

��
�	�

���	
��

��	

��

���
�

�

�

=

















+

×××
×××= π

�

� RR>?����=�f��g�678h �

i7�	
jk'l�!mnoE��k'l�!mnp �

������ 	
jqi7�/�� �

��r � st� �

i7�/��2u
��

� 1v �

��� ���
�
� ⋅= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��������

wx�
���

� �	
j��5q���/�����(y ���	�
 z{t|p�

�

 �
���2u> ���h �

� �i7�}q)~v�t|a`��r�`t|��	
jq'l

�!Fn- ��
� 
��y � ���	�
 �" � �

	��
��

��
�

= � �

� �
���2u- �����w> �����h� �

�����������
�

=×=
�

� �


�Rr 
 st� �

� � � � r 
 st���(vw" i7�/��2u
��

� �

��� ���
�
� ⋅= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��������

wx�
���

� ����/��������(t|a`�	
jq'l

�!Fn`{��y ���	��� ��	�� x" p �

�

 �	
j[� 2u���	
j���X�$� =�� �

���" p �



U(

�����fg�jk2	
��34���	
2.678�


�����/ 0.24 s2)� -1.3.4 (�  

4102 .Kh =  

��E (  4.1.5 )2678��[\�z 0.452(vw  

630414502 ...K h =×=  

4.1.6  � 1 �	����  

1) �M  

(1) ?I678�M  

( )tf.Rd 01701 =   ( )tf...H 504225001701 =×=  

(2) ����M  

( )tf.Rd 5502 =   ( )tf...H 1402505502 =×=  

(3) ���M  

( )tf.Rd 0163 =   ( )tf...H 0042500163 =×=  

(4) ��  

( )tf.Rd 22784 =   ( )tf...H 561925022784 =×=  

(5) ?G
M  

��� ¡¢£ 1 m�MN  

  )m/tf(..)..()/(W 83625020070094 22 =×−⋅= π  

x`¤MN  

aa hWR ⋅= ( )tf... 54172140278362 =×=  

( )tf...KRH haa 39430250541721 =×=⋅=  

¥¦	2 bR 2 cR 2 bH 2 cH §(vw5  

(6) 	�B�¨>©  

R>?ª«¬­«4	�Bt�¨>©`®(1¯Evw-  

( ) ( )
( ) ( )





××××=

××××=

22

2

222

11

2

111

h/ZKaKZP

h/ZIaKZP

wh

wh

πγ

πγ
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.1.6) 

�(�i7�}q)~�t|a`��r�`t|��	
jq

'l�!mnF 0.24 s��y -1.3.4 �°  

4102 .Kh =  

�(w (  4.1.5 )�	
j�[2uo± 0.45���"  

630414502 ...K h =×=  

(6) t��!0�3  

9�f:;<@;�t��k!0�3*A�?vw�"�  

( ) ( )
( ) ( )





××××=

××××=

22

2

222

11

2

111

h/ZKaKZP

h/ZIaKZP

wh

wh

πγ

πγ
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.1.6) 
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EF2 ( ) ( )2211 ZP,ZP -	�BR>?ª«�­«» � ��¨>©

( )2m/tf  

wγ ->�VWGXMN ( )3m/tf  

21 αα , -R>?ª«�­«�ST ( )m  

21 Z,Z -)R>?ª«�­«�n �¼=�H ( )m  

21 h,h -R>?ª«�­«�>» ( )m  

( ) ( )2211 h/ZK,h/ZI -½¾¿�2ÀÁ7Âde[\�Ã  

>WÄH>WCH.W.LDB2R>?ª«��¨>©`®2(1

¯Evw-  

( ) ( )402550301250 1

2

11 ./ZI...ZP ××××= π  

( )4025629 1 ./ZI. ×=  

)*2(vw a-a ,ntÅ�  

( )tf.Pa 72081 =  

~zH ( )m.y a 45111 =  

R>?­«��¨>©`®2(1¯Evw

( ) ( )02350401250 2

2

22 ./ZK...ZP ××××= π  ( )023915 2 ./ZK. ×=  

)*2(vw a-a ,ntÅ�  

( )tf.P a 72912 =  ~zH ( )m.y a 67122 =  

(7) Æ�M (ÇB )  

( )2350 m/tf.W =  

v a-a ,ntÅ�-  

( )tf....Pa 85117350037109 =××=  

( )m./.y 50182037 == CÈ +80.415 �ÉÊ=¼D  

(8) �Ë�  

´ a-a ,n  

H.W.L. ( ) ( )tf.....W 36380140255354 22 =×××−×= ππα  

(8) Jc�  

d a-a Y�  

H.W.L. ( ) ( )tf.....W 36380140255354 22 =×××−×= ππα  

L.W.L. ( ) ( )tf.....W 9818501475354 22 =×××−×=′ ππα  



U(

� -4.1.5 	�B~z�C a-a ,nD  

~z�jk ÌÍ 
��� N  

( tf ) 
>¡� H  

 ( tf ) 
~zH Y  

( m ) 
ÎÏM  
( mtf − ) 

H.W.L ?I678�M    �  170.00 42.50 31.40 1334.50 

 ����M 0.55� 0.14 28.40 3.98 

 ���M �  �  16.00 4.00 13.70 54.80 

 ?G
M   �  1721.54 430.39 13.70 5896.34 

 �� 78.22 19.56 27.15 531.05 

 �Ë�    �  -638.37 - - - 

 ?Gª«�¨>©�  977.51 208.70 11.450 2389.62 

 ?G­«�¨>© �  - 291.70 12.670 3695.84 

 � 1347.94 
(2325.45) 

996.99 - 13906.13 

L.W.L ?I678�M 170.00 42.50 31.40 1334.50 

 ����M 0.55 0.14 28.40 3.98 

 ���M 16.00 4.00 13.70 54.80 

 ?G
M 1721.54 430.39 13.70 5896.34 

 �� 78.22 19.56 27.15 531.05 

 �Ë� -185.98 - - - 

 ?Gª«�¨>© - - - - 

 ?G­«�¨>© - - - - 

 � � 1800.33 496.59  7820.67 
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� -4.1.6 	�B~z�C b-b ,nD  

~z�jk ÌÍ 
��� N   

( tf ) 
>¡� H  

 ( tf ) 
~zH Y  

( m ) 
ÎÏM  
( mtf − ) 

H.W.L ?I678�M 170.00 42.50 31.40 1334.50 

 ����M 0.55 0.14 28.40 3.98 

 ���M 16.00 4.00 13.70 54.80 

 ?G
M 1156.07 289.02 9.20 2658.98 

 �� 78.22 19.56 18.15 355.01 

 �Ë� -412.18 - - - 

 ?Gª«�¨>© - 144.70 7.53 1089.59 

 ?G­«�¨>© - 190.30 7.31 1391.09 

 � 1008.66 690.22 - 6486.20 

L.W.L ?I678�M 170.00 42.50 31.40 1334.50 

 ����M 0.55 0.14 28.40 3.98 

 ���M 16.00 4.00 13.70 54.80 

 ?G
M 1156.07 289.02 9.20 2658.98 

 �� 78.22 19.56 18.15 355.01 

 �Ë� - - - - 

 ?Gª«�¨>© - - - - 

 ?G­«�¨>© - - - - 

 � 1420.84 355.22 - 4005.51 
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� -4.1.7 	�B~z�C c-c ,nD  

~z�jk ÌÍ 
��� N   

( tf ) 
>¡� H  

 ( tf ) 
~zH Y  

( m ) 
ÎÏM  
( mtf − ) 

H.W.L ?I678�M 170.00 42.50 13.40 569.50 

 ����M 0.55 0.14 10.40 1.46 

 ���M 16.00 4.00 4.70 18.80 

 ?G
M 590.60 147.65 4.70 693.96 

 �� 78.22 19.56 9.15 178.97 

 �Ë� -185.98 - - - 

 ?Gª«�¨>© - 69.20 2.57 177.84 

 ?G­«�¨>© - 69.40 3.09 214.45 

 � 669.39 352.45  1854.98 

L.W.L ?I678�M  �  170.00 42.50 13.40 569.50 

 ����M 0.55 0.14 10.40 1.46 

 ���M 16.00 4.00 4.70 18.80 

 ?G
M 590.60 147.65 4.70 693.96 

 �� 78.22 19.56 9.15 178.97 

 �Ë� - - - - 

 ?Gª«�¨>© - - - - 

 ?G­«�¨>© - - - - 

 � 855.37 213.85 - 1462.69 

 

� -4.1.8 x,n�ÐÑ  � -4.1.9 ,n��  

 ­_  ª_  Ò,n    cσ  Sσ   cτ  

a-a 384-D29 384-D29 768-D29  a-a 39.54 57.18 6.74 

b-b 192-D25 192-D25 384-D25  b-b 25.53 42.95 4.16 

c-c 96-D19 96-D19 192-D19  c-c 14.1 132.7 2.61 
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' -4.1.3 R>?,nÐÑ'  

2) r|�=  

(1)~z4r|�n�­�  

�r|
M  

19.5 ×19.5 ×3.0 ×2.5=2851.88( tf )  

�r|Ó� (��Ô>FVWMN ='γ 0.9 3m/tf )  

93683904254519 22 ...)..( =×××−π  ( tf )  

�r|�Ë�  

19.5 ×19.5 ×3.0 ×1.0=1140.75( tf )  

 



U(

 

 

 

 

 

 

 

 

 

' -4.1.4 r|,n'  

� -4.1.10 r|�n0Õt­�  

�Mi¨ 
~z­� 

�M 
��� N  

( tf ) 
>¡� H  

 ( tf ) 
~zH Y  

( m ) 
ÎÏM  
( mtf − ) 

r|�nt~z­� 1800.33 117.85 23.90 2816.62 

r|
M 2851.88 - - - 

r|���M 683.93 - - - 

�Ë� -1140.75 - - - 

�
 
�

 

L.W.L 
Æ�M 
~zB 

� 4195.39 117.85 - 2816.62 

2325.45   14289.32 
r|�nt~z­� 

 996.99 3.00  

r|
M 2851.88 712.97 1.50 1069.46 

r|���M 683.93 170.98 4.20 718.12 

�Ë� -1140.75 - - - 

H.W.L 

� 4720.51 1880.94 - 19067.86 

1800.33 - - 7820.67 
r|�nÄ~z­� 

- 496.59 3.00 1489.77 

r|
M 2851.88 712.97 1.50 1069.46 

r|���M 683.93 170.98 4.20 718.12 

�Ë� -1140.75 - - - 

�
  

�
  

�
 

L.W.L 

� 4195.39 1380.54 - 11098.01 
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 (2)	
Ö��=  

r|hi    B ×L=19.5 ×19.5 

r|�nX    A=380.25 m2  

� -4.1.11 	
Ö��=6×  

�Mi¨  
N  

( tf )  
M  

)mtf( ⋅  
e  

)m(  L/e  nX  
)m(  α  A/N  

)m/tf( 2  
Rσ  

)m/tf( 2  

�
�

 

L .W.L 
Æ�M  
~zB  

4195.39 2816.62 0.671 0.034 56.974 1.204 11.03 13.28 

H.W.L 4720.51 19067.86 4.039 0.027 17.133 2.275 12.41 28.33 

�
�

�
 L .W.L 4195.39 11098.01 2.645 0.136 21.73 1.816 11.03 20.03 

 

(3)r|��=  

Øh,n1?G­�n=¼2 ª 1/10 ?TÙ~/,n�tÚ

ÛWÜ5  


M  2.50 ×3.00 ×6.15 ×19.5=899.44 ( tf )  

�M  0.90 ×2.40 ×6.15 ×19.5=259.04 ( tf )  

·,n��tÚÛWÜ2ÝÞ ­ß� 1/2 r|" �ÉÊ5

,ntÎÏ M l�� F &�0<5  

� -4.1.12  ÎÏ )( mtf ⋅  

�Mi¨ 	
Ö� 
M �M � 

ÇB�M 4897.26 -2765.78 -796.55 1334.93 

H.W.L 10447.24 -2765.78 -796.55 6884.91 

�
�

�
 L.W.L 7386.45 -2765.78 -796.55 3824.12 
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' -4.1.5 r|,n'  

� -4.1.13 ��  ( tf )  

�Mi¨ 	
Ö� 
M �M � 

ÇB�M 1204.16 -680.06 -195.86 328.24 

H.W.L 2568.82 -680.06 -195.86 1692.90 �
�

�
 L.W.L 1816.22 -680.06 -195.86 940.30 

r|�àáâ 2:¯E�=5  

     b =9.0+(3.0% 0.10) ×2=14.80 ( m )  

ã*2r|VWâ ,n�1�äåæ�MtçèC	�B

H.W.L BD³~��5  

( )
( )




==

⋅==
tf../.S

mtf../.M

T

T

391148014901692

204658014916884
 

�éÑÐÜ 2 � D32@125 

)cm/kgf( .c

21055340 <=σ       OK 

)cm/kgf( .s

22700681393 <=σ     OK  

)cm/kgf( .  . 2405394 <=τ       OK  
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4.1.7 R 2 >?����  

1) =f  

(1)  g678h=f  

( )tf.Rd 01701 =   ( )tf...H 110763001701 =×=  

(2)  i�	=f  

( )tf.Rd 5502 =   ( )tf...H 3506305502 =×=  

(3)  
j=f  

( )tf.Rd 0163 =   ( )tf...H 08106300163 =×=  

(4)  k'  

( )tf.Rd 22784 =   ( )tf...H 284963022784 =×=  

(5)  gl�f  

!mnoEpq 1m �f/  

( ) ( ) ( )m/tf..../W 83625020070094 22 =×−⋅= π  

�rsf/  

aa hWR ⋅= ( )tf... 54172140278362 =×=  

( )tf...KRH haa 571084630541721 =×=⋅=  

t2?u bR u cR u bH u cH 1vwx�  

(6)  ?����5�  

�5g��(y�z?��{�5�r|v
��wx�  

( ) ( )
( ) ( )





××××=

××××=

22

2

222

11

2

111

h/ZKaKZP

h/ZIaKZP

wh

wh

πγ

πγ
 

��u ( ) ( )2211 , ZPZP ��5g���y�?��})no��5�

( )2m/tf  

wγ �5�~al`f/ ( )3m/tf  

21 a,a ��5g���y���� ( )m  

21 Z,Z ��5g���y�k�oF-��") ( )m  
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21 h,h ��5g���y��5} ( )m  

( ) ( )2211 h/ZK,h/ZI � �����8��[� ���  

5aX"5a$H.W.L��{�5g�����5�r|uv
��

wx�  

( ) ( )402550301630 1

2

11 ./ZI...ZP ××××= π  

( )40252424 1 ./ZI. ×=  

��uvwx a-a ��{��  

( )tf.P a 95251 =  

°±") ( )m.y a 45111 =  

�5gy����5�r|uv
��wx

( ) ( )02350401630 2

2

22 ./ZK...ZP ××××= π  

        ( )0230740 2 ./ZK. ×=  

��uvwx a-a ��{��  

( )tf.P a 07352 =  

°±") ( )m.y a 67122 = ²³�  

(7)  ´=f (4� )  

( )2350 m/tf.W =  

w a-a ��{��  

( )tf....Pa 85117350037109 =××=  

( )m./.y 50182037 ==  

(8)  Fµ�  

� a-a ��  

H.W.L. ( ) ( )tf.....Wa 36380140255354 22 =×××−×= ππ  

L.W.L. ( ) ( )tf.....Wa 9818501475354 22 =×××−×=′ ππ  
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� -4.1.14 ?��°±�$ a-a ���  

°±�¶· ¸¹ 
!m� N   

( tf ) 
5E� H  

 ( tf ) 
°±")Y  

( m ) 
º#M  
( mtf − ) 

H.W.L g678h=f 170.00 107.10 31.40 3362.94 

 i�	=f 0.55 0.35 28.40 9.94 

 
j=f 16.00 10.08 13.70 138.10 

 gl�f 1721.54 1084.57 13.70 14858.61 

 k' 78.22 49.28 27.15 1337.95 

 Fµ� -638.37 - - - 

 gl����5� -977.51 525.90 11.45 6021.56 

 gly���5� - 735.00 12.67 9312.45 

 � 
1347.94 

(2325.45) 
2512.28 - 35041.54 

L.W.L g678h=f 170.00 107.10 31.40 3362.94 

 i�	=f 0.55 0.35 28.40 9.94 

 
j=f 16.00 10.08 13.70 138.10 

 gl�f 1721.54 1084.57 13.70 14858.61 

 k' 78.22 49.28 27.15 1337.95 

� Fµ� -185.98 - - - 

 gl����5� - - - - 

 gly���5� - - - - 

 � 1800.33 1251.38 - 19707.54 
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� -4.1.15 ?��°±�$ b-b ���  

°±�¶· ¸¹ 
!m� N   

( tf ) 
5E� H  

 ( tf ) 
°±")Y  

( m ) 
º#M  
( mtf − ) 

H.W.L g678h=f 170.00 107.1 22.40 2399.04 

 i�	=f 0.55 0.35 19.40 6.79 

 
j=f 16.00 10.08 9.20 92.74 

 gl�f 1156.07 728.32 9.20 6700.54 

 k' 78.22 49.28 18.15 894.43 

 Fµ� -412.18 - - - 

 gl����5� - 364.70 7.53 2746.19 

 gly���5� - 479.40 7.31 3504.41 

 � 1008.66 1739.23  16344.15 

L.W.L g678h=f 170.00 107.10 22.40 2399.04 

 i�	=f 0.55 0.35 19.40 6.79 

 
j=f 16.00 10.08 9.20 92.74 

 gl�f 1156.07 728.32 9.2 6700.54 

 k' 78.22 49.28 18.15 894.43 

 Fµ� - - - - 

 gl����5� - - - - 

 gly���5� - - - - 

 � 1420.84 895.13 - 10093.54 
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� -4.1.16 ?��°±�$ c-c ���  

°±�¶· ¸¹ 
!m� N  

( tf ) 
5E� H  

( tf ) 
°±")Y  

( m ) 
º#M  
( mtf − ) 

H.W.L g678h=f 170.00 107.10 13.40 1435.14 

 i�	=f 0.55 0.35 10.40 3.64 

 
j=f 16.00 10.08 4.70 47.38 

 gl�f 590.60 372.08 4.70 1748.78 

 k' 78.22 49.28 9.15 450.91 

 Fµ� -185.98 - - - 

 gl����5� - 174.5 2.57 448.47 

 gly���5� - 174.9 3.09 540.44 

 � 669.39 888.29 - 4674.75 

L.W.L g678h=f 170.00 7.10 13.40 1435.14 

 i�	=f 0.55 0.35 10.40 3.64 

 
j=f 16.00 10.08 4.70 47.38 

 gl�f 590.6 372.08 4.70 1748.78 

 k' 78.22 49.28 9.15 450.91 

 Fµ� - - - - 

 gl����5� - - - - 

 gly���5� - - - - 

 � 855.37 538.89 - 3685.84 

2) gl���  

�����{��u�%?��{°±u&
�*+�³��,.�  

� 1.���0�²3�`�9:���  

� 2.;<@��A��r|³Bn:r|$3C��nD��  

� 3.GH") d ³3�`9:��IJKL�:M{NO�  

� 4.PnoQ�KL��` As SQ�IKL��`� 1/4�  
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T -4.1.6 U���VW�[  
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� -4.1.17 ���� (1)  
a-a ��  
���	
��=210 2cm/kgf  


������=3500 2cm/kgf  

���������� 21131 ./r     .r sc ==  

����������     .r    .r sc 0131 ==  

0.1    15.13.1 === ibsbc rrr  

� � � � H.W.L L.W.L 
)mtf(M d ⋅  35041.54 19707.54 

'

dN  1347.94 1800.33 
)tf(Vd

 2512.28 1251.38 
)cm(b  798 798 

)cm(bw  178 178 
)cm(h  798 798 
)cm(dt  45 45 

)cm(d  753 753 

��
� 192-D29 192-D29 

�
� 192-D29 192-D29 

)cm(As

2  1232.64 1232.64 

)cm(A'

s

2  1232.64 1232.64 

tP  0.00205 0.00205 

)cm/kgf(f yd

2  4200 4200 

)cm/kgf(f '

cd

2  162 162 

)mtf(M u ⋅  41949.09 43549.31 

ud M/M  0.84 0.45 
�� OK OK 

����� 4-D22@125 4-D22@125 

)cm(Aw

2  15.48 15.48 

)cm(Ss  12.5 12.5 

)cm/kgf(fwyd

2  3500 3500 

)cm/kgf(fvcd

2  5.061 5.061 

dβ  0.604 0.604 

pβ  0.972 0.972 

nβ  1.051 1.121 
)tf(Vcd

 321.97 343.41 
)tf(Vsd

 2467.9 2467.9 
)tf(V yd
 2789.87 2811.31 

)tf(V/V yddiγ  0.9 0.45 
��� �  OK OK 

�  0.696 0.696 

� -4.1.17 ���� (2)  
b-b ��  
���	
��=210 2cm/kgf  


������=3500 2cm/kgf  

���������� 21131 ./r     .r sc ==  

����������     .r    .r sc 0131 ==  

0.1    15.13.1 === ibsbc rrr  

� � � H.W.L L.W.L 
)mtf(M d ⋅  16344.15 10093.54 

'

dN  1088.66 1420.84 
)tf(Vd

 1739.23 895.13 
)cm(b  798 798 

)cm(bw  178 178 
)cm(h  798 798 
)cm(dt  45 45 

)cm(d  753 753 

��
�  96-D25 96-D25 

�
�  96-D25 96-D25 

)cm(As

2  486.72 486.72 

)cm(A'

s

2  486.72 486.72 

tP  0 .00081 0.00081 

)cm/kgf(f yd

2  4200 4200 

)cm/kgf(f '

cd

2  162 162 

)mtf(M u ⋅  18806.15 20287.24 

ud M/M  0 .87 0.5 
��  OK OK 

�����  4-D19@125 4-D19@125 

)cm(Aw

2  11.48 11.48 

)cm(Ss  12.5 12.5 

)cm/kgf(fwyd

2  3500 3500 

)cm/kgf(fvcd

2  5 .061 5.061 

dβ  0 .604 0.604 

pβ  0 .713 0.713 

nβ  1 .082 1.187 
)tf(Vcd

 243.14 266.74 
)tf(Vsd

 1830.2 1830.2 
)tf(V yd
 2073.34 2096.94 

)tf(V/V yddiγ  0 .84 0.43 
��� � OK OK 

�  0 .516 0.516 
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� -4.1.17 ���� (3)  
c-c ��  

���	
�� =210 2cm/kgf  


������ =3500 2cm/kgf  

��������� 2.1/1   , 3.1 == sc rr  

���������     .r    .r sc 0131 ==  

0.1    15.13.1 === ibsbc rrr  

� � � H.W.L L.W.L 
)mtf(M d ⋅  4674.75 3685.84 

'

dN  669.39 855.37 
)tf(Vd

 888.29 538.89 
)cm(b  798 798 
)cm(bw  178 178 
)cm(h  798 798 
)cm(dt  45 45 
)cm(d  753 753 

��
�  48-D19 48-D19 

�
�  48-D19 48-D19 

)cm(As

2  137.76 137.73 
)cm(A'

s

2  137.76 137.76 

tP  0 .00023 0.00023 
)cm/kgf(f yd

2  4200 4200 
)cm/kgf(f '

cd

2  162 162 
)mtf(M u ⋅  7128.84 7812.39 

ud MM /  0 .66 0.47 
��  OK OK 

�����  4-D19 @250 4-D19@250 
)cm(Aw

2  11.48 11.48 
)cm(Ss  25 25 

)cm/kgf(fwyd

2  3500 3500 
)cm/kgf(fvcd

2  5 .061 5.061 

dβ  0 .604 0.604 

pβ  0 .468 0.468 

nβ  1 .243 1.309 
)tf(V cd
 175.52 193.08 

)tf(V sd
 915.1 915.01 

)tf(V yd
 1090.62 1108.18 

)tf(V/V yddiγ  0 .81 0.49 
��� � OK OK 

�  0 .258 0.258 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T -4.1.7 �5g��YLT  



U( 

3������  

(1)�����  

 

 

 

 

 

 

 

 

 

 

 

 

� -4.1.8 ���	�  

��
��
������� V �  

V =4720.51( tf )  

M =4720.51 ×5.175=24428.6( mtf − )  

����������  

M =24428.6/19.50=1252.75( mtf − )  

V =4720.51/19.50=242.08( tf )  

�� B /20 ���� !"#$%&'()*��+���,-.

/
�0���.12�3�
��4567 B/20 89:;  

<=>��?@ABCD��?EF�GH -4.1.18 I#  
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� -4.1.18 ����  

���	
��=210 2cm/kgf  


������=3500 2cm/kgf  

���������� 21131 ./r     .r sc ==  

���������� 310131 .r     .r     .r bcsc ===  0.1    15.1 == ibs rr  

)mtf(M d ⋅  1252.75 
)tf(Vd

 242.08 
)cm(b  100.00 

)cm(h  300.00 

)cm(dt  10.00 

)cm(d  290.00 

��
�  2-D32@125 

�
�  D22@250 

)cm(As

2  127.04 

)cm(A'

s

2  30.96 

tP  0 .00438 

)cm/kgf(f yd

2  4200.00 

)cm/kgf(f '

cd

2  162.00 
x  35.043 

)m.tf(Mu  1458.05 

ud M/M  0 .86 

��� �  OK 
������  8-D13@250 

)cm(Aw

2  10.16 

)cm(Ss  25.00 

)cm/kgf(f wyd

2  3500.00 

)cm/kgf(fvcd

2  5 .061 

dβ  0 .766 

pβ  0 .759 

nβ  1 .00 
)tf(V cd
 65.64 

)tf(V sd
 267.35 

)tf(V yd
 332.99 
)m(V/M dd

 5 .17 
)tf(L/MV umu =  285.85 

ydmui V/Vγ  0 .86 

��� � � � OK 

�  0 .406 



U( 

4.2 JK./�L���MN@OPQRSTU
  

4.2.1 VW  

X��$Y- -4.2.1 Z[\]^@_'`�a\]
BL���MNb  

X��Nc;QRSTU0de, 1 fg�7, 2 fg�5hL�i

�b  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- -4.2.1?./j7aklm-  



U(

4.2.2 JK./  

�L���JK./MN -4.2.1@OPQRSTU  

�L
VWX��$Y-QZ[\]^_'`�aBbc;U  

4.2.3 JK0d  

e^,fQJKg7K5QJK�0dU  

1RhQbi�?j  

hQbi�?jklmf -4.2.1 no_pqMf 4.2.2 STU  

f -4.2.1 fQJKbi�?j@�gi��brsR  

sV ( s/m )                          ?j 

                        i�� 
Zt<P�=u�v� 

310−  410−  610−  

wxu 129 1830.N  156 1830.N  172 1830.N  
yPQ 

-$u 123 1250.N  200 1250.N  205 1250.N  

wxu 122 07770.N  142 07770.N  143 07770.N  
OPQ 

-$u 61.8 2110.N  90 2110.N  103 2110.N  

f -4.2.2z i�?j  

No. J${ N| siV  �	 

� wu 3 133  

� ��$Y- 12 104  

� -$�� 10 146  

� Y- 25 122  

� �� 5 138  

� Y- 20 116  

� wu 11 146  

� -} 50 300 ~,7K 
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4.2.4 *kgn���  

L�����gn�����} 4.2.1 ��gn�������0|O

P* -4.2.3 q�b�g*m�H�nm0��H,��gnb  

    ∑
=

=
n

i si

i
G V

H
T

1

4   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.2.1) 

}�0 GT �gn�������@ s
  

iH �, ika���� ( m )  

siV �, ika���3�
 ( s/m )  

* -4.2.3 L�����gn��  

gn�� gn������� GT  ( s ) 

,�� <GT  0.2 

,�� 0.2 <≤ GT 0.6 

,8� 0.6 GT≤  

�- -4.2.1 B*kgn���9�\�Y* -4.2.4 Z[b  

* -4.2.4 a���3�
  

No. a� k� iH  ( m ) a��3�
 siV ( s/m ) sii V/H  

� �a 3.0 133 0.0226 

� =u�v� 9.8 104 0.0942 

� ��=u 5.2 146 0.0356 

� v� 2.3 122 0.0189 

� =u 5.5 138 0.0399 

� v� 3.5 116 0.0302 

� �a 5.0 146 0.0342 

�  - - 0.2756 

Z;0�gn������� GT H�  

    ( )s..
V

H
T

n

i i

i

G 1012756044
1

=×== ∑
=

 



U(

Z;0*kgn���RH,8�b  

4.2.5 �
�7��?  

1
, 1 fg�  

g�\]^�K���c�����nm�K���c� ( '

hK 01 )7

g*m�K���c� ( )01hK ���b  

w�������K���c����g*m7�nm���K�

��c�0;���� } ¡b  

g*m7�nm���K���c�H�  

    




⋅=
⋅=

'

hz

'

h

hzh

KCK

KCK

011

011  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.2.2) 

}�0 zC �!"#%c�@ =1.0
  

  24001 .K h =  

  15001 .K '

h =  

&(g*m7�nm���K���c�q)H 0.240 0.15b  

 

 

 

 

 

 

 

 

 

 

 

 

 

- -4.2.2 w�������K���c�@, 1 fg�
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�JK � ./� �

K � ./�L/���MN@OPQ�PR� ������ STU �


VWX�/��K$Y/�-Z[\V�P]^
��

� _\� ��	U �

'`���\VZ[�P]^
�

��
� �a� ������U �

Bbc;P0�\VZ[�P]^dK � ./�eVW,fgc-

�7
��

� d �

�
�

�
5hi�?jkU �

� �
����� � /���MN@OPl�P �

/�mY� /��nopq��� � 
� @OP� �

���� 
� \VZ[�P]^�

K�Y� <
�

� � ���� 	������� ��	�����

KrY� ��� <≤
�

� ��	� �������� ��������

K$Y� ��	
�

�≤ � 
���	��� ��
���	�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

s �
���� bc;P0�\VZ[�P]^tK � ./�J �


���	 /��<�p= �

n/��u�v;P�Z[,�<�p=�wxyfjkU �
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K � ./�z � �

� � � �
�

�
����� ��� ⋅

⋅⋅⋅⋅⋅=
�

�	

�

�� �

��

π
π

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����
�

K � ./�z �

� � � �
�

�
���� �� ⋅

⋅⋅⋅⋅=
�

�	

�

�� �

�

π
π

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
���

�

f{- ��	�
�
z n/��u�v;P�Z[,�<�p= � 
� 
 �

�
� z |�	OP}~H*tK � ./�� 
t ��
� J �

�

�� z `��OP}~H*tK � ./��J � ��
� 
 �

� z ��/��nopq�� � � 
 �

� z ��/���P � � 
 �

�

��� z \V`���Z[�P]^ �

�

�

�

�

�

�

�

�

�

�

�

�

s �
���
¢ /��<�p=s �

�J��/��nopq�� �

��/��nopq��-�f 
���� Q� �
���
 e3��k �

� � � � ( )�
��
�


�
== �
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�J`�/�q�OP}~H* �

wxK � ./��`�OP}~H-LK$Y/�-������� � 
�


�y-OP}~H*�z �

� � � � ��=
�
� � � � ��
� 
 �

K � ./��`�OP}~Ht ¡�£� ���J-��������
�


�y-OP}~H*�z �

� � � � ���
� =�� � � � ��
� 
 �

�J/��<�p=VW �

� � � � ��
K � ./� �

( ) �
�	�

��





�

��

��	�

�

��������

����

��
�
��

�
�

×=








×
××××= π

π �

��
K � ./� �

( ) �
�	�

��





�

��

��	�

�

�������
��

����

��
�

��

�
�

×=








×
××××= π

π �

� �
���	 /��<�p=* �

( )��
�

� � 
� 
�
���� � � �� 
�

K �./�� K �./��

�� ����� ��	�� ������

�� ����� ����� ���	��

�� 	���� ���	� ������

�� ����� ����� ������


� ����� ��
�� ������
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* -4.2.7 gn�:eST iD  

iD  ( cm ) 
No. z ( m ) 

, 1fg� , 2fg� 

1 5.25 0.16 1.33 

2 6.25 0.13 1.06 

3 7.25 0.09 0.75 

4 8.25 0.05 0.40 

5 9.25 0.00 0.00 

4.2.7 gn¤�c�  

 

 

 

 

 

 

 

 

 

 

 

 

- -4.2.5 QRSTUBgn¤¥	¦  

1
gn¤�c��OP} (4.2.5) ¡b  

( )
( )











=
=

×=

×=
−

−

vvs

hhs

/

vvv

/

hhh

kk

kk

/BKk

/BKk

λ
λ

43

0

43

0

30

30

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.2.5) 

}�0 hk �\]§¨©�K� F¤�c�  ( 3m/tf )  

vk �\]§ªn�«¬ F¤�c�  ( 3m/tf )  
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hsk JK./�L���MN  ( 3m/tf )  

vsk JK./@O���MN  ( 3m/tf )  

0hK JPQR 30 cmSTU
V�WX��$Y-Z[\S]W^

_'O`��N  ( 3m/tf )  

0vK JPQR 30 cmSTU
V�WX��$Y-Z[\SaQ^

_'O`��N  ( 3m/tf )  

hB JBb�c;^_aQS0de,  ( m )  

vB J0d�e,  ( m )  

λ J 1/3~1/4 

fg75Shg�Ni�?jJ  

�PQR 30 cmSTU
V�WX��$Y-Z[\S]W^_'O`

��N ( 0hK )klmnhopq$Y���rsSt<�Nk?�

4.2.6J  

    3000 /)Ea(K h ⋅= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.2.6=  

�uk aJs�'O`��NZv;��N�mnw -4.2.8=  

0E Jmnw -4.2.8 ZxS^yz 5{s�|�	},~�'O

t<�N ( 2m/tf )  

w -4.2.8 0E H a�*�  

a  
mnjx$Y^y[\St<�N 0E ( 2m/tf ) 

W� '�� 

PQR 30 cmSTU
V�WX��$Y���—¢ ��
3[\t<�N1/2 

1 2 

mn�
]W��$Y�z St<�N 4 8 

mn$/� ¡{�¡£�$Y[\St<�N 4 8 

mn­®¯�$Y�N-k� NE 280 = s�St<�N 1 2 
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�>¬° 30 cmB±�²³��´µ¶·¸¹Z ¡B«¬ FgnQ

3c� ( 0vK )0ºOP¢ �a�·¸j»6¼�BS½c�0Y��¾

�G�b  

��¿¶À� F«¬B�ÁÂ�@ hB 
0ÃÄ���* 4.2.9 BÅ}

 ¡b4¤��Á�K�ÆÇÈ3�gnhHÉ£b  

* -4.2.9 �Á�Ê{Â�  

�Á½} hB  

¬Ë�Á hA  

Ì�Á β/D  

�*�0 hA ��¿¶À� F«¬B�Áµ¶mr ( 2m )  

D��¿¶À� F«¬B�ÁÂ� ( m )  

β/1 ��gn��É£0��Á;�ÍÎ���� mb  

         4 4 )EI/()DK( h ⋅=β . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.2.7) 

    β��Á�Ï�¹ ( 1−cm )  

    EI ��Á�ÐÑ±� ( 2cmkgf ⋅ )  

��Á�Â�@ vB 
�OP} 4.2.8  ¡b��Áªm½ÒH²½0�

;¬°ÀH�ÁÂ�b  

vv AB = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.2.8) 

}�0 vA �«¬ F�µ¿mr ( 2m )  

2
X��NBgn�¤�c�  

i
¨©�K� F¤�c�  

    



 ⋅⋅=





=

−
−

4

3

0

4

3

0 812
30 hh

h
hh BK.

B
Kk  

}�0 00 30

1
EaKh = 0 NE 280 = 0 12=N 0 2=a  
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    )cm()m(...AB hh 2121225401 ==×==  

    )cm/kgf(.K h

3

0 402212282
30

1 =×××=  

    )m/tf()cm/kgf(...K h

334

3

5160165212422812 ==××=
−

 

i i
«¬ª³ F�¤�c�  

    4

3

0

4

3

0 812
30

−
−

⋅⋅=




= vv

v
vv BK.

B
KK  

}�0 00 30

1
EaKv = 0 NE 280 = 0 12=N 0 2=a  

     )cm()m(...AB vv 2797928701 ==×==  

    )cm/kgf(.K v

3

0 402212282
30

1 =×××=  

    )m/tf()cm/kgf(...K v

334

3

4200204279422812 ==××=
−

 

i i i
¨©��3	�  

    )m/tf()./(KK hhs

314745160531 =×== λ  

iv
ª³��3	�  

    )m/tf()./(KK vvs

312004200531 =×== λ  

4.2.8 g�®¿¶?  

1)g�®K�¿¶  

g�®K�¿¶Ó} 4.2.9  B0  

    { })z(U)z(UK)z(p BH −= (4.2.9) 

}�0 )z(p �D���BK� F¿¶ ( 2m/tf )  

HK �ÔTmrBgn¤�c� ( 2m/tf )  

)z(U �D���BK� FST�A ( m )  

)z(U B ��� Bz ( m )�K� FST�A ( m )  

Bz �Õg*mÖ\]§ªm���@ m
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2
g�®*m�R3  

(1)g�K×�Ø\]§�a�ËÙB*m0ÚÛÜÝg�®*mÀ�B

�R3b  

(2)g�®*m�R30�OP} 4.2.10  ¡b} 4.2.10 ÞßÜàáâã

��äØ��d��å@�X×���
�BG�b  

    

( )

( )




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









+=

⋅⋅⋅⋅





⋅
=

⋅⋅⋅⋅





⋅
=

2/)(

2/sin

2/sin

BUS

BGV
D

B

UGV
D

U

HzTS
H

G

HzTS
H

G

τττ

π
π

τ

π
π

τ

    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.2.10)   

}�0 Uτ �g�®\]§	³*m�R3 ( 2m/tf )  

Bτ �g�®\]§ª³*m�R3 ( 2m/tf )  

Sτ �g�®\]§¨©*m�R3 ( 2m/tf )  

VS ��nmB
�QRI¹  ( s/m )   

GT �gn������� ( s )  

Uz �Õg*mÖ	³��� ( m )  

Bz �Õg*mÖª³��� ( m )  

H �*kgn��� ( m )  

DG �gn��
�3S½c�  

    2

SD
V)g/(G tD ⋅= γ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.2.11) 

    tγ �gna��ÔT¶æ ( 3m/tf )  

    g�¶3�
� ( 2s/m )  

    SDV �gn��3�
 ( s/m )  

SDV �>* -4.2.1  ¡, ik����3�
0|Ó} 4.2.12 #%

4¡b  

    SDVSDi VCV ⋅= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.2.12) 
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}�0 SDiV ���gn�
�3S½c�Z��B, ik���¤��

3�
 ( s/m )  

SDV �OP* -4.2.1  ¡B, ik����3�
 ( s/m )  

VC �gnRS�2®B#%c�  

    
)s/mV(.

)s/mV(.C

Si

SiV

30001

30080

≥=
<=

 

 

 

 

 

 

 

 

 

 

 

 

- -4.2.6??g�®\]§*mÀ�B�R3�¿¶[
-  

(3)g�®�
Kç  

./�+�KÒ
®0�©§ÔTmrB�
Kç0��H�É

�>Km��½K�b  

    
20

B
Kp h ⋅⋅= γ  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.2.13) 

}�0 p�©§ÔTmr��
Kç ( 2m/tf )  

hK ���K���c�  

0γ �K�ÔT�r¶æ ( 3m/tf )  

B�./�mÂ� ( m )  
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(4)JK./�L  

    hI KWP ⋅= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.2.14) 

��� W MN@OPQ ( tf )  

hK MRSTUK
VW  

4.2.9X 1�JK�RS 

1) $LSY 

(1)-Z[� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
@\]^ B ( cm ) D ( cm )  _' 

hiA ( 2m ) hiK ( m/tf ) hsiK ( m/tf ) 

� 100 50  1�9 0.75 3870 1106 
� 100 50  10�15 1.00 5160 1474 
� 100 50  11�16 1.00 5160 1474 
� 100 40  12�17 1.00 5160 1474 
� 100 50  13�18 0.75 3870 1106 
� 100 50  
� 100 50  

35160 m/tfK h =  
31474 m/tfK hs =  
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_' )m(Avi

2  viK ( m/tf ) vsiK ( m/tf ) 

1�9 0.7 2940 840 
2~8 1.0 4200 1200 

13�18 0.7 - 840 
14�19~24 1.0 -     1200 

                                               34200 m/tfK v =    

                                               31200 m/tfK vs =    

`-4.2.7��-Z[�a 1�JKB 

 (2)bPc; 

   �0.bP 

 

 

 

 

 

 

 

`-4.2.8��0.bP 

)m/tf(.)....(.P

)m/tf(.)....(.P

)tf(./...P

)tf(./...P

)m/tf(...W

)m/tf(.......W

a

a

v

v

417256701003401500

014252701003401500

0022004400502

5022004500502

251500502

858500502002701003401

2

1

2

1

2

1

=×+××=
=×+××=

=××=
=××=

=×=
=×+×+×=

 

   �0.TdbP 

 

 

 

 

 

`-4.2.9��0.TdbP 
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)m/tf(...PW 5035030011 =×=  

   �JK.edbP 

 

 

 

 

 

 

 

`-4.2.10��JK.edbP 

 

)m/tf(..P

)m/tf(..P

)m/tf(..P

)m/tf(..P

e

e

e

e

582516000050

644516000090

716516000130

268516000160

4

3

2

1

=×=
=×=
=×=
=×=

 

   �JK.,fg$L 

 

 

 

 

 

 

 

 

`-4.2.11��JK.,fg$L 

)m/tf(./)..(/)(

)m/tf(.)..sin(.

)m/tf(.)..sin(.

)z.sin(.
.

z
sin..

.

)m/tf().(
.

.
G
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u

D

40322445522

24475904580819

55275504580819

04580819
3342

101800
334
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120180104
809

701 22

=+=+=
=××=
=××=
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⋅×××
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=××=
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   �JK.7;TdbP 

 

 

 

 

 

 

 

`-4.2.12��JK.7;TdbP 

)m/tf(..P

)m/tf(./../)..(P

we

we

7803902

39025030012220230

2

2

1

=×=
=××+=

 

   �JK./�L 

 

 

 

 

 

 

 

 

`-4.2.13��JK./�L 

)tf(./)...(.P

)tf(./)...(.P

)m/tf(.../)..(W

)m/tf(.../)..(W

h

h

h

h

7203807500502220

7503807500502230

2304005022220230

2805005022220230

2

1

2

1

=×××=
=×××=
=××+=
=××+=

 

(3)bP5h 

JK.aiT.B=�+�+�+� 

JK.a�T.B=�+�+�+�+�+� 

(4)$L` 
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`-4.2.14��$L`(CASE 1)aX 1�JKB 

 

 

 

 

 

 

 

 

 

 

 

 

`-4.2.15��$L`(CASE 2)aX 1�JKB 
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2)����� 

�-4.2.10� � ����� 1	
��(1) 

)cm/kgf(... oaasaca

252238627000105 ==== ττσσ  

 
�� 
�� 

 �� �� �� �� 

)mtf(M ⋅  -16.36 -18.24 -16.36 -18.24 

)tf(Q  -14.44 -14.48 -14.44 -14.48 

)cm(b  100 100 100 100 

)cm(h  50 50 50 50. 

)cm(dt  7 7 7 7 

)cm(d  43 43 43 43 

D16-125 D16-250 D16-125 D16-250 
�� 

D16-125 D16,D19-125 D16-125 D16,D19-125 

)cm(As 2  15.92 19.44 15.92 19.44 
'As  0.00 0.00 0.00 0.00 

As/As'  0.00 0.00 0.00 0.00 

d/'d  0.16 0.16 0.16 0.16 

P  0.00370 0.00452 0.00370 0.00452 

K  0.282 0.307 0.282 0.307 

J  0.906 0.898 0.906 0.898 
2bd/M  -8.85 -9.86 -8.85 -9.86 

Lc/1  7.82 7.26 7.82 7.26 

Ls/1  298.17 246.38 298.17 246.38 

)cm/kgf(c

2σ  69.19 71.66 69.19 71.66 

)cm/kgf(s

2σ  2638.04 2430.38 2638.04 2430.38 

)cm/kgf( 2τ  3.71 3.84 3.71 3.84 

)cm/kgf( 2

0τ  9.27 8.74 9.27 8.74 
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�-4.2.10� � ����� 1	
��(2) 

)cm/kgf(... oaasaca

252238627000105 ==== ττσσ  

 ��� ��� 

 �� �� �� �� 

)mtf(M ⋅  16.36 18.98 10.96 9.55 

)tf(Q  19.28 13.41 -6.74 -4.44 

)cm(b  100 100 100 100 

)cm(h  50 50 40 40 

)cm(dt  7 7 7 7 

)cm(d  43 43 33 33 

D16-125 D16,D19-125 D16-125 D16-125 
�� 

D16-125 D16,D19-125 D16-125 D16-125 

)cm(As 2  15.92 19.44 15.92 15.92 
'As  0.00 0.00 0.00 0.00 

As/As'  0.00 0.00 0.00 0.00 

d/'d  0.16 0.16 0.21 0.21 

P  0.00370 0.00452 0.00482 0.00482 

K  0.282 0.307 0.315 0.315 

J  0.906 0.898 0.895 0.895 
2bd/M  8.85 10.26 10.06 8.77 

Lc/1  7.82 7.26 7.10 7.10 

Ls/1  298.17 246.38 231.60 231.60 

)cm/kgf(c

2σ  69.19 74.57 71.42 62.23 

)cm/kgf(s

2σ  2638.04 2528.98 2330.74 2030.89 

)cm/kgf( 2τ  4.95 3.74 2.28 1.50 

)cm/kgf( 2

0τ  12.37 7.89 5.70 3.76 
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�-4.2.10� � ����� 1	
��(3) 

)cm/kgf(... oaasaca

252238627000105 ==== ττσσ  

 ��� ��� 

 �� �� �� �� 

)mtf(M ⋅  -16.36 -18.98 18.98 10.67 

)tf(Q  -19.28 -13.41 21.20 17.99 

)cm(b  100 100 100 100 

)cm(h  50 50 50 50 

)cm(dt  7 7 7 7 

)cm(d  43 43 43 43 

D16-125 D16,D19-125 D16,D19-125 D16-125 
�� 

D16-125 D16,D19-125 D16-250 D16-250 

)cm(As 2  15.92 19.44 19.44 15.92 
'As  0.00 0.00 0.00 0.00 

As/As'  0.00 0.00 0.00 0.00 

dd /'  0.16 0.16 0.16 0.16 

P  0.00370 0.00452 0.00452 0.00370 

K  0.282 0.307 0.307 0.282 

J  0.906 0.898 0.898 0.906 
2bd/M  -8.85 -10.26 10.26 5.77 

Lc/1  7.82 7.26 7.26 7.82 

Ls/1  298.17 246.38 246.38 298.17 

)cm/kgf(c

2σ  69.19 74.57 74.57 45.12 

)cm/kgf(s

2σ  2638.04 2528.98 2528.98 1720.53 

)cm/kgf( 2τ  4.95 3.47 5.49 4.62 

)cm/kgf( 2

0τ  12.37 7.89 12.48 11.55 
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�-4.2.10� � ����� 1	
��(4) 

)cm/kgf(... oaasaca

252238627000105 ==== ττσσ  

 ��� 

 �� �� 

)( mtfM ⋅  18.98 10.67 

)(tfQ  21.20 17.99 

)(cmb  100 100 

)(cmh  50 50 

)(cmdt  7 7 

)(cmd  43 43 

D16,D19-125 D16-125 �� 

D16-250 D16-250 

)( 2cmAs  19.44 15.92 

'As  0.00 0.00 

AsAs /'  0.00 0.00 

dd /'  0.16 0.16 

P  0.00452 0.00370 

K  0.307 0.282 

J  0.898 0.906 

2/ bdM  10.26 5.77 

Lc/1  7.26 7.82 

Ls/1  246.38 298.17 

)/( 2cmkgfcσ  74.57 45.12 

)/( 2cmkgfsσ  2528.98 1720.53 

)/( 2cmkgfτ  5.49 4.62 

)/( 2
0 cmkgfτ  12.48 11.55 
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4.2.10
 2������ 

1����  

(1)!"#$ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
%&'( B ( cm ) D ( cm )  )* hiA ( 2m ) hiK ( m/tf ) hsiK ( m/tf ) 

� 100 50  1+9 0.75 3870 1106 
� 100 50  10+15 1.00 5160 1474 
� 100 50  11+16 1.00 5160 1474 
� 100 40  12+17 1.00 5160 1474 
� 100 50  13+18 0.75 3870 1106 
� 100 50  
� 100 50  

35160 m/tfK h =  
31474 m/tfK hs =  

 
)* )m(Avi

2  viK ( m/tf ) vsiK ( m/tf ) 

1+9 0.7 2940 840 
2~8 1.0 4200 1200 

13+18 0.7 - 840 
14+19~24 1.0 -     1200 

                                               34200 m/tfK v =    

                                               31200 m/tfK vs =    

,-4.2.16 !"#$	 2���� 
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(2)-#./ 

  �0�-# 

 

 

 

 

 

 

 

 

 

1-4.2.17� � 0�-# 

)m/tf(.)....(.P

)m/tf(.)....(.P

)tf(./...P

)tf(./...P

)m/tf(...W

)m/tf(.......W

a

a

v

v

417256701003401500

014252701003401500

0022004400502

5022004500502

251500502

858500502002701003401

2

1

2

1

2

1

=×+××=
=×+××=

=××=
=××=

=×=
=×+×+×=

 

 �0�'-# 

 

 

 

 

 

 

 

1-4.2.18� � 0�'-# 

)m/tf(...PW 5035030011 =×=  
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��23-# 

 

 

 

 

 

 

1-4.2.19
��23-# 

)m/tf(..P

)m/tf(..P

)m/tf(..P

)m/tf(..P

e

e

e

e

6420516000400

7038516000750

7054516001060

6368516001330

4

3

2

1

=×=
=×=
=×=
=×=

 

 �
����45� 

 

 

 

 

 

 

 

 

 

 

1-4.2.20� � 
����45� 

)m/tf(./)..(/)(

)m/tf(.)..sin(.

)m/tf(.)..sin(.

)z.sin(.
.

z
sin..

.

)m/tf().(
.

.
G

Bus

B

u

D

24422951932

295759045802612

193755045802612

045802612
3342

101001
334

1201

120180104
809

701 22

=+=+=
=××=
=××=

⋅×=






×
⋅×××

×
=

=××=

τττ
τ
τ

π
π

τ
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1-4.2.21� � 
��6/'3-# 

)m/tf(..P

)m/tf(./../)..(P

we

we

0420212

02125030012570590

2

2

1

=×=
=××+=
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����� 

 

)tf(./)...(.P

)tf(./)...(.P

)m/tf(.../)..(W

)m/tf(.../)..(W

h

h

h

h

8513807500502570

9213807500502590

5804005022570590

7305005022570590

2

1

2

1

=×××=
=×××=
=××+=
=××+=
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(4)���:;<$&= 
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��� !?�;<@ABCD�EF;<�GHI
�@JK 

!?L�EMN�OPQRST�EFU�L�EMVL�WXYZ 
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U(

2�, 2	
���_`��a 

(1)!bcde���� 

f�g�hijk�Ql!bmnopq)rshi4�cd�tuv��w

x�aZ 

    01.V/V ydmui <⋅γ  

��� iγ � !?*+�=1.0� 

� � aumu l/MV =  

uM �!b�opq) )mtf( ⋅  

al �4�yz(m) 

ydV �!b�%&4�{� ( tf ) 

��� bssdbccdyd /V/VV γγ +=  

cdV �|}2�4�q) 

bcγ �|}2�~�*+� (=1.3) 

� � sdV �T��4�q)� ( tf ) 

� � bsγ �T��~�*+� (=1.15) 

�hif�g�jk�v��wx�a� 

� � 01.V/V yddi ≤⋅γ  

(2) �hiopcd���_`��� 

��t�hif�g�jk��Q��������t�v���P�aZ 

� � 01./ drdi ≤⋅ µµγ  

��� rdµ �!b�%&f�Y 

� � rard µγµ ⋅=  

rµ �^5f�Y 

aγ ��5�f�YV!b*+� (1.15) 

dµ �!b�%&��Y 



U( 

{ }
35012

1

0

000

−+⋅⋅=
−+=

musdcd

bbd

V/)VV.(

/)/)((

µ
γσσµµµ

 

 
0σ 
���� 

 bσ 
����� ���� 

 muV 
!"#$%&'( uM � )� 

 bγ 
!"*+(1.15) 

,	V5= cdV k� !"*+e1.3V5= sdV k� !"*+be1.5� 

d 



U(

3)����a 
�-4.2.11� � ����� 2	
��(1) 

|}2�~�q)=210 2cm/kgf � T��~�q)=3000 2cm/kgf  
opq)_`*+� 21131 ./. sc == γγ  
4�q)_`*+� 01151310131 ..... ibsbcsc ===== γγγγγ  

 
�� 
�� 
 �� �� �� �� 

)mtf(M d ⋅  26.77 1.92 23.54 23.42 
'

dN  22.14 1.03 11.10 17.52 
)tf(V d
 16.46 2.75 10.38 9.95 

)cm(b  100 100 100 100 
)cm(h  50 50 50 50 
)cm(d t  7 7 7 7 
)cm(d  43 43 43 43 

��T� D16@125 D16,D19@125 D16@125 D16,D19@125 
3�T� D16@125 D16@125 D16@125 D16@125 

)cm(As

2  15.92 19.44 15.92 19.44 
)cm(A'

s

2  15.92 7.96 15.92 7.96 

tP  0.00370 0.00452 0.00370 0.00452 
)cm/kgf(f yd

2  3600 3600 3600 3600 
)cm/kgf(f '

cd

2  162 162 162 162 
)mtf(M u ⋅  27.35 27.99 25.31 31.06 

ud M/M  0.98 0.07 0.93 0.75 
�� OK OK OK OK 

 

4��q� 4-D13@250 4-D13@250 4-D13@250 4-D13@250 
)cm(Aw

2  5.080 5.080 5.080 5.080 
)cm(S s  25.0 25.0 25.0 25.0 

)cm/kgf(f wyd

2  3000 3000 3000 3000 
)cm/kgf(f vcd

2  5.061 5.061 5.061 5.061 

dβ  1.235 1.235 1.235 1.235 

pβ  0.718 0.767 0.718 0.767 

nβ  1.069 1.045 1.039 1.062 
)tf(V cd
 15.87 16.57 15.42 16.84 

)tf(V sd
 19.82 19.82 19.82 19.82 

)tf(V yd
 35.69 36.39 35.24 36.66 

)m(V/ML du=  1.63 0.70 2.27 2.35 
)tf(L/MV umu =  16.78 39.99 11.15 13.22 
01.V/V ydmui <⋅γ  0.47 � 0.32 � 
01.V/V yddi ≤⋅γ  � 0.08 � 0.7 

�hiopcdV�� OK OK OK OK 
T�� 0.203 0.203 0.203 0.203 



U( 

�-4.2.11� � ����� 2	
��(2) 

|}2�~�q)=210 2cm/kgf � T��~�q)=3000 2cm/kgf  

opq)_`*+� 21131 ./. sc == γγ  

4�q)_`*+� 01151310131 ..... ibsbcsc ===== γγγγγ     
 ��� ��� 
 �� �� �� �� 

)mtf(M d ⋅  26.77 17.65 21.50 15.98 
'

dN  19.83 18.33 30.39 30.39 
)tf(Vd
 32.59 58.59 14010 4064 

)cm(b  100 100 100 100 
)cm(h  50 50 40 40 
)cm(dt  7 7 7 7 
)cm(d  43 43 33 33 

��T� D16@125 D16,D19@125 D16@125 D16@125 
3�T� D16@125 D16,D19@125 D16@125 D16@125 

)cm(AS

2  15.92 19.44 15.92 15.92 
)cm(A'

S

2  15.92 19.44 15.92 15.92 

tP  0.00370 0.00452 0.00482 0.00482 
)cm/kgf(f yd

2  3600 3600 3600 3600 
)cm/kgf(f '

cd

2  162 162 162 162 
)mtf(M u ⋅  26.93 31.18 21.72 21.72 

ud M/M  0.99 0.57 0.99 0.74 
�� OK OK OK OK 

 

4��q� 8-D13 @250 8-D13 @125 4-D13@250 4-D13@250 
)cm(Aw

2  10.160 10.160 5.080 5.080 
)cm(Ss  25.0 12.5 25.0 25.0 

)cm/kgf(fwyd

2  3000 3000 3000 3000 
)cm/kgf(fvcd

2  5.061 5.061 5.061 5.061 

dβ  1.235 1.235 1.319 1.319 

pβ  0.718 0.767 0.784 0.784 

nβ  1.062 1.087 1.094 1.127 
)tf(Vcd
 15.76 17.24 14.53 14.97 

)tf(Vsd
 39.64 79.28 15.21 15.21 

)tf(V yd
 55.40 96.52 29.74 30.18 

)m(V/ML du=  0.82 0.30 1.52 3.44 
)tf(L/MV umu =  32.84 103.93 14.29 6.31 

01.V/V ydmui <⋅γ  0.59 � 0.48 � 
01.V/V yddi ≤⋅γ  � 0.61 � 0.15 

�hiopcdV�� OK OK OK OK 
T�� 0.406 0.813 0.203 0.203 



U(

�-4.2.11� � ���� �, 2	
��(3) 

|}2�~�q)=210 2cm/kgf � T��~�q)=3000 2cm/kgf  

opq)_`*+� 21131 ./. sc == γγ  

4�q)_`*+� 01151310131 ..... ibsbcsc ===== γγγγγ  
 ��� ��� 
 �� �� �� �� 

)mtf(M d ⋅  23.54 28.04 6.29 12.56 
'

dN  1.92 18.17 30.18 4.30 
)tf(Vd
 21.36 37.54 14.44 17.87 

)cm(b  100 100 100 100 
)cm(h  50 50 50 50 
)cm(dt  7 7 7 7 
)cm(d  43 43 43 43 

��T� D16@125 D16,D19 @125 D16,D19 @125 D16@125 
3�T� D16@125 D16,D19 @125 D16@250 D16@250 

)cm(AS

2  15.92 19.44 19.44 15.92 
)cm(A'

S

2  15.92 19.44 7.96 7.96 

tP  0.00370 0.00452 0.00452 0.00370 
)cm/kgf(f yd

2  3600 3600 3600 3600 
)cm/kgf(f '

cd

2  162 162 162 162 
)mtf(M u ⋅  23.60 31.15 33.38 25.89 

ud M/M  1.00 0.90 0.19 0.49 
�� OK OK OK OK 

 

4��q� 8-D13@250 8-D13@250 4-D13@250 4-D13@250 
)cm(Aw

2  10.160 10.160 5.080 5.080 
)cm(S s  25.0 12.5 25.0 25.0 

)cm/kgf(f wyd

2  3000 3000 3000 3000 
)cm/kgf(f vcd

2  5.061 5.061 5.061 5.061 

dβ  1.235 1.235 1.235 1.235 

pβ  0.718 0.767 0.767 0.718 

nβ  1.007 1.054 1.400 1.095 
)tf(V cd
 14.95 16.71 22.20 16.25 

)(tfV sd
 39.64 79.28 19.82 19.82 

)tf(V yd
 54.59 95.99 42.02 36.07 

)m(V/ML du=  1.10 0.75 0.44 0.70 
)tf(L/MV umu =  21.45 41.53 75.86 36.99 

01.V/V ydmui <⋅γ  0.39 � � � 
01.V/V yddi ≤⋅γ  � 0.39 0.34 0.50 

�hiopcdV�� OK OK OK OK 
T�� 0.406 0.813 0.203 0.203 



U( 

�-4.2.11� � ����� 2	
�)� (4) 
|}2�~�q)=210 2cm/kgf � T��~�q)=3000 2cm/kgf  
opq)_`*+� 21131 ./. sc == γγ  
4�q)_`*+� 01151310131 ..... ibsbcsc ===== γγγγγ  

 ��� 
 �� �� 

)mtf(M d ⋅  17.12 3.43 
'

dN  9.43 6.32 
)tf(V d
 21.78 10.52 

)cm(b  100 100 
)cm(h  50 50 
)cm(dt  7 7 
)cm(d  43 43 

��T� D16,D19 @125 D16@250 
3�T� D16@250 D16@125 

)cm(AS

2  19.44 7.96 
)cm(A'

S

2  7.96 15.92 

tP  0.00452 0.00185 
)cm/kgf(f yd

2  3600 3600 
)cm/kgf(f '

cd

2  162 162 
)mtf(M u ⋅  29.56 14.09 

ud M/M  0.58 0.24 
�� OK OK 

 

4��q� 4-D13@250 4-D13@250 
)cm(Aw

2  5.080 5.080 
)cm(S s  25.0 25.0 

)cm/kgf(f wyd

2  3000 3000 
)cm/kgf(f vcd

2  5.061 5.061 

dβ  1.235 1.235 

pβ  0.767 0.570 

nβ  1.046 1.154 
)tf(V cd
 16.59 13.6 

)tf(V sd
 19.82 19.82 

)tf(V yd
 36.41 33.42 

)m(V/ML du=  0.79 0.33 
)tf(L/MV umu =  37.42 42.7 

01.V/V ydmui <⋅γ  � � 
01.V/V yddi ≤⋅γ  0.60 0.31 

�hiopcdV�� OK OK 
T�� 0.203 0.203 



U(

4)
��� 

i���
� 

�� !��
�"#$%&'()*� ()+,	V5=k�eb��

#$!%&�V�1%&'� ����!
�- 

=./!03�2��+��
�*0.509 cmV4�+��
�*0.688 cm- 

 

 

 

 

 

 

 

 

6-4.2.26��� ��
�+78�9 
ii����� 

�-4.2.12��� 
�+���� 
�� �� 

�� 
�� �� �� �� 

	
 

b  100 100 100 100  
h  50 50 40 40  

td  7 7 7 7  
)tf(Nd  19.83 18.33 30.39 30.39  
)tf(Vcd  15.76 17.24 14.53 14.97 301.b =γ  
)tf(Vsd  39.64 79.28 15.21 15.21 151.b =γ  
)tf(Vmu  32.84 103.93 14.29 6.31  

( )2

0 cm/kgfσ  3.97 3.67 7.60 7.60  
( )2cm/kgfbσ  64.17 64.17 61.55 61.55  

oµ  14.36 7.15 15.87 40.16  

dµ  9.02 4.53 9.36 23.55 501.b =γ  

rµ  1.11 <1.0 <1.0 <1.0 yr / δδµ =  

rdµ  1.28 <1.15 <1.15 <1.15 151.a =γ  

drdi / µµγ ⋅  0.14 <0.20 <0.20 <0.20 001.i =γ  
�� OK OK OK OK  

 



U( 

4.3
��������� !"#$  

4.3.1
%&  

'!"$() -4.3.1 *+,	V5 ID =35.5 m=�k H =10.2 m�����

��� !"#$e������b����1� 	��-./03,2�

��b�	�4-./03e  

'!"$672��� 8�9��e�2��
�������	�

�
��e  

 

 

 

 

 

 

 

) -4.3.1   03�:)  

4.3.2
;!��  

1)<'>?�@�4�A�BC  

V5 ID =35.500 m  

D�k maxH =10.300 m  

EF�k eH =10.200 m  

!"�k H =10.200 m  

GH t =0.250 m  

I�J eV =10,000 3m  

2);!KL  

MNOb��PKL
 aW =0.050( 3m/tf )  

QRLJ  

�4-./    PCγ =2.450( 3m/tf )  



U(

��-./    RCγ =2.400( 3m/tf )  

�

        Wγ =1.000( 3m/tf )  

3)ASTU  

(1)�4-./  

WN-./;!<XTU   ckf =360( 2cm/kgf )  

'!"$�@YZ[\4TU(�e  

] -4.3.1    �4-./Z[TU  ( 2cm/kgf )  

WN^_ 
 `a ��4c 

 df   g� 
� h 

��iU 

\4h 

Z[jlmn\4TU caσ  174.0 138.0 138.0 207.0 158.7 

Z[omn\4TU '

caσ  131.0 100.0 100.0 150.0 115.0 

Z[p\4TU taσ  13.8 7.2 0.0 23.8 18.8 

Z[qp\4TU iaσ  - 9.2 9.2 13.8 10.6 

(2)�4�rs  

     WN�4�rs     19 tu5 21.8 mmv  

     wxy:z         3.129 2cm  

     {|TU



   16000 2cm/kgf  

     p4TU



   18500 2cm/kgf  

(3)p4�}  

     WNp4�}
   
 32 mm B ~�a  

     wxy:z         8.042 2cm  

     {|TU



   9500 2cm/kgf  

     p4TU



   11000 2cm/kgf  

(4)��  

     WN��



 S D 295 A  D13 

     wxy:z       1.267 2cm  



U( 

     {|TU



 3000 2cm/kgf  

4);��L&8  

�'!"$�,��	�L&8��;��,9L&8 A �;!e  

5)����  

���~9������9;!e  

6)�;��  

9���� A M	�;��e  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

) -4.3.2
�4�}BC)  

PC 32-B 1 N=216 =519.96mm

PC 1T21.8    N=55

PC
1T

21
.8

   
 N

=
55

PC
32

-B
1

N
=

21
6



U(

4.3.3
� 4  

1)����� ¡  

(1)��dfh��� ¡  

    


















+=

2

1

2

1
1 121

3

2

l

a

gE

q

a

l
T

c

π =0.030( s ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.3.1) 

¢�, 1T£���dfh�� ¡ ( s )  

1l £����U (11.400 m )  

a£���¤5 (17.750 m )  

q£���QRLJ (2.45 3m/tf )  

cE £-./�¥8¦§ ( 61098.2 × 2m/tf )  

g£L4��U (9.8 2s/m )  

(2)��g�h��� ¡  

    


















+=

2

2

2

2
2 121

3

2

l

a

gE

q

a

l
T

c

'π
=0.064( s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.3.2) 

¢�, 2T £���g�h�� ¡ ( s )  

2l £�k (10.200 m )  

    

2

20

3

3

2
l

l
tanh

t

q
q'q α

α
α 






⋅+= =14.17( 3m/tf ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.3) 

¢�, 0q £��QRLJ (1.00 3m/tf )  

t£����H (0.25 m )  

2);!�� U  

(1) � 1 �� �;!�� U  

� 1 �� *WN;!�� U¦§�t��¢��e  

    011 hzh KCK ⋅= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.4) 



U( 

��� 01hK �����	
��
����  

 zC �������  

��������� 0.064 s��� ���� T =0.1 s�!"#$

%&'�()*�+,-.�/012345� 1.3.2 67$8���

���0�,9��:! 1 ;�<=>�?@ -1.3.2 AB! 1 ;$��

�
���� 01hK =0.20(C A D�������� zC =1.0(EAB! 1

;$��,9�
���� 1hK (  

    1hK =1.0F0.20=0.20 

(2)! 2 ;$��,9�
��  

! 2 ;$�GHI,9�
����A)*J�KB(  

    022 hsh KCK ⋅= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.5) 

��� sC �&'���LMNO����PM��  

02hK �����	
��
�����QR*�����ST�

U$%V#WX  

��������� 0.064 s��� ���� T =0.1�!"#$%

U,-�SM A ;&'�(Y�12345� 1.3.3 67$8���

���0�,9��:! 2 ;$�=>�@ -1.3.4 AB! 2 ;$��Z

[�
���� 02hK =0.80(  

\]^_����PM�� sC A)*�12345� 2.6.1 67.

�9`0>a5bcA)*J�KB�  

    ηDDC hs ⋅= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.6) 

��� hD �����NOPM����  

ηD �defMghij�kO��  

�C� ηD U
lmnfMgho η��pJ(  

    ηη 411 += /D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.7) 



U(

qr� y/ δδη 0=  

0δ stuv3w�  

yδ sxyw\  

��������	
���
�������������������� 

! 2 "#$%�&'()*�+,-�./012��3456789:���

;+<=>?@�. hD ABCDEFGHIJKL 1.0IM� 
z5�{|}~  

    
( )

010101

010411

...C

./D

s =×=
=×+=η  

�� 80800012 ...K h =×=  

4.3.4��o-.��
  

1)��  

�Y-.	�
������3����F���  

��8����������_	�������5������

WF��8.R�Bo���E0}��9q�
��  

�� ¡¢0  

    ( ) ( )[ ]xx
c QM

KR

tE
N βθβψβ

βθ ⋅+⋅⋅
⋅

⋅⋅= 0032

1
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.8) 

£¤ ¡¥¦0§  

   ( ) ( )[ ]xQxMM x βζβφβ
β

⋅+⋅⋅= 00 22
2

1
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.9) 

qr� xs¨-.9:
©	ª« ( cm )  

βs��-.	¬3�  

        4
24 KR

tEc

⋅
⋅=β  

cE s()*	�3­® ( 2cm/kgf )  

ts.R ( m )  

Rs����¯�°±-.r°² ( m )  



U( 

Ks%	¥¦³3 ( 2mtf ⋅ )  

        ( )2112 v

tE
K c

−
⋅

=  

νs()*	´µ�  

0M s-.9:¥¦0§ ( mtf ⋅ )  

0Q s-.9:¶0 ( tf )  

( ) ( )
( )
( ) ( )
( ) 










⋅=
+⋅=

⋅=
−⋅=

−

−

−

−

xsinex

xsinxcosex

xcosex

xsinxcose

x

x

x

x

x

ββζ
βββφ

ββθ
βββψ

β

β

β

β

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.3.10) 

���-.9:	;<=>?@�AB:;C��·UV��¸¹

�UV��º»UVo��-.9:�¥¦0§ 0M ¼¶0 0Q 	
q�9� 

�¸¹�UV  

    





⋅

−
⋅

⋅⋅⋅⋅=
HtE

R
HKM

c β
ρβ 1

12
2

2

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.11) 

    




 −

⋅
⋅⋅⋅⋅−=

HtE

R
HKQ

c

1
22

2
2

0 βρβ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.12) 

�º»UV  

    
tE

R
gKM

c ⋅
⋅⋅⋅=

2
2

0 2β . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.3.13) 

    
tE

R
gKQ

c ⋅
⋅⋅⋅−=

2

0 2β . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.3.14) 

qr� ρs�	[\VT ( 3m/tf )  

gsº»½0 ( 2m/tf )  

H s�� ( m )  

`XAB:;C qo�-.9:F��� -4.3.3�  

�¾¿AB:;Cgh9�À?@-.RÁ4�ÂÃ-.9:

	¥¦0§��
�}��9q���  
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    c
h

h M
t

t
M 000 ⋅⋅= α . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.15) 

qr� hM 0s?@9:.RÁ4o-.9:	£¤ ¡¥¦0§ ( mtf ⋅ ) 

cM 0 s.R�Bo	-.9:£¤ ¡¥¦0§ ( mtf ⋅ )  

ht s9:	.R ( m )  

ts.R ( m )  

0α s.RÁ4ÄÅ	�_wÆ­®  

 

 

 

 

 

 

 

 

 

 

 

 

� -4.3.3�-.Ç�g  

È8��AB;��q�9�?@��G�¬3�$%³3�

�3�É�¬3o�-.9	¥¦0§�}��9q�
���  

    ( ) ohof MkkM ⋅⋅= βα . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.3.16) 

qr� αk s?@G�	¬3­®  

βk s?@$%	³3­®  

fM 0 s-.9:	£¤ ¡¥¦0§ ( mtf ⋅ )  

-.9:��o���£¤ ¡	/0Á4�À-.¢Ê	¦
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Ë��wÆ8�	
°0§�Y-.9:
°0§�}��9q�


�  

    ePM e ⋅⋅= 1α . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.3.17) 

eM s�-.9:�		
°0§ ( mtf ⋅ )  

1α s-.R_Á4ÄÅ	�_wÆ­®  

Ps£¤ ¡/0 ( tf )  

es
°T ( m )  

2)JbUV,���E0  

(1)�½,���E0  

�UV  

 

 

 

 

 

 

 

 

� -4.3.4�UV�¯�½²  

��E0  

� -4.3.5 ���-.R_�Ro��E0¯£¤ ¡¥¦0§¼

�� ¡¢0²�  

�?@9:	.RÁ4�G�	¬3¼$%	³3�5 0α =0.965� 

¯ βα kk ⋅ ² =0.8 
�q (4.3.15)(4.3.16)r�}�-.9:	£¤ ¡

¥¦0§ fM 0 �  

    =fM 0 17.088( mtf ⋅ )  
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� -4.3.5��½,���E0�  

(2)�� ¡Ì/0,���E0  

�UV  

2-.�� ¡8��/0Ì4oeO��½�·���½Í

e0�  

��E0  

 

 

 

 

 

 

 

� -4.3.6�UV�¯�� ¡/0²  

 

 

 

 

 

 

� -4.3.7��� ¡/0��E0�  

� -4.3.7 �.RABÎ��E0wÆ��¯£¤ ¡¥¦0§¼
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�� ¡¢0²�  

?@9:	.RÁ4�G�	¬3¼$%³3�5 0α =0.965�

¯ βα kk ⋅ ² =0.8 
� (4.3.15)� (4.3.16)r�}�-.9:	£¤ ¡

¥¦0§ fM 0 �  

    =fM 0 -19.874( mtf ⋅ )  

(3)ÏV#£¤/0,���E0  

�UV  

��¿ÇÏV�� ¼-.	¿ÇVTN¼��5��	���

}�  

    W =12.663( m/tf )  

 

 

 

 

 

 

 

 

 

 

 

 

� -4.3.8�£¤ ¡/0,���E0�  

£¤ ¡�/0`X 32 mm�B Ð 1 j�/0&Ñ 216 ��Òº

LM������¯Å� 51.996 cm²����/0&Ñ:Ç��0

iP =57,700 /kgf ��?@/0&Ñ	����5#()*	�3w

���Í��w��OP�0 eP =47,400 /kgf ��  
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    P =91.160( m/tf )  

��E0  

-.9:	
°0§ eM �5 1α =0.874  
�q (4.3.17)r}��  

    eM =9.561( m/mtf − )  

3)�E0	��#e0	67  

2��
�8��Ò�o	UVgh�e?@lmo�n�o¼p

_UVWXo�e0	67�e12£¤ ¡-.9: ( x =0 m )¼-.r

Å ¥ ¦ 0 § � � Î ( x =2.434 m ) Ó � # - . � �   ¡ 0 � � Ó

( x =3.732 m )4567�8p_UVWX#n�o�e?@n�o�-.

�!E	p_�	p_e0	ÂÃ�  

(1)lmo  

lmo�E0 =¯�� ¡Ì/0,���E0² +¯ÏV¼£¤

 ¡/0,���E0²  

f -4.3.2�lmoe0  

����  ����   

x =0 m  x =2.434 )m1  x =3.732 )m2  

xM =( m/mtf − )  -10.31 3.19 --  

( )θNNx ( m/tf )  103.82 101.45 141.14 

��  -4 .6  71.2 56.5 
	
 ( 2cm/kgf )  

��  47.0 10.0 45.5 

�
	
    ( 2cm/kgf )  -7 .2 ≤≤ cσ 138.0 -7.2 ≤≤ cσ 100.0 

1)������
���� (� xM ��� )  

2)������
�����	
�	��
	
 �!  

(2) n�o  

 n�o�E0 =¯lmo�E0² +¯�½,���E0²  

 

 



U( 

����  ����   
x =0 m  x =2.434 )m1  x =3.732 )m2  

xM =( m/mtf − )  6 .78 0.38 --  

( )θNNx ( m/tf )  103.82 101.45 24.80 

��  38.1 44.2 9.9 	


( 2cm/kgf )  ��  4 .2  36.9 9.9  

�
	
   ( 2cm/kgf )  -7 .2 ≤≤ cσ 138.0 0.0 ≤≤ cσ 100.0 

1)������
����"� xM ���#  

2)������
�����	
�	��
	
 �!  

4)p_UVWXo  

p_UVWXo�e0 =¯n�oe0²"¯p_e0²  

-.�!Ep_#�p_e0�}Ô9q�
��  

    ( )νσ
−
⋅⋅±=

12
ce

c

EaT
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.18) 

qr� cσ s()*e0_¯p_$%E��e0²  

Tsp_#¯&' -5 Co �(' 5 Co ²  

ea s()*	Ê)*­® ( /. 51001 −× Co )  

cE s()*	+,­®  

νs()*	´µ� ( ν =0.2) 

f -4.3.4�p_UVWXo�e0  

£¤ ¡ �� ¡ 
x =0 m  x =2.434 )1m  x =3.732 )2m   

!- �- !- �- !- �- 
n�oe0 38.1 4.2 44.2 36.9 9.9 9.9 

&' 9.3 -9.3 9.3 -9.3 9.3 -9.3 
p_e0 

(' -9.3 9.3 -9.3 9.3 -9.3 9.3 
&' 47.4 -5.1 53.5 27.6 19.2 0.6 p_UV 

WXoe0 (' 28.8 13.5 34.9 46.2 0.6 19.2 
cde0( 2cm/kgf )  -18.8 ≤≤ cσ 158.7 -18.8 ≤≤ cσ 158.7 

1)������
����"� xM ���#  

2)������
�����	
�	��
	
 �!  

f -4.3.2�n�oe0  
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4.3.5������� 
1)��  

������	
��
������������������ 

!"#�$%&� !'(")�*+,-./�0�� o0 1 o180 2�3

45./�-67���� !'(89:;<-=>?����'(&

� !@A�BCD��EFGH�� o0 1 0180 2	./�IJ$K�L= 

BC
��
"#7MNOP�Q3	
��
"#RS$T -4.3.9

�L�$&U9"#VL�W%7��89�XY-:;=?U9"#Z

"[\"#'(7]^9"#'(�_+`D��EFGH")=  

�?�aI�&bcKd
��
5 1/2 e[�/
��
=  

fg�/������&� !h�9'(@A=  

2)i 1 j��	kl  

(1) 
��
1�����  

 

 

 

 

 

 

 

 

 

T -4.3.9m
��
1�����'(T  

(2) ���bc./�7n�  

a)  
��
op	./�7n�  

�c�\¥2	
��
op	./�$T -4.3.10 �L=  

 

 



U( 

 

 

 

 

 

 

 

T -4.3.10m
��
op	./�T  

V -4.3.5m
��
op	./�7n�  

¦½��  ����  
 

x =0 m  x =2.434 )m1  x =4.219 )m 2  

xM ( m/mtf − )  3.08 )3  0 .46 --  

( )θNN x ( m/tf )  --  --  -24.68 

Í  ¢  7.7 -4.4 -9.9 
n�  ( 2cmkgf − )  

Õ  ¢  -7.7 -4.4 -9.9 

1)  ��������	
��
 xM ����  

2)  �������	
�  

3)  083254980965003920 ./...M f =×××= ( m/mtf ⋅ )  

b)�����op	./�1n�  

�c�\¥2	�����op	./�$T -4.3.11 �L=  

 

 

 

 

 

 

 

 

T -4.3.11 �����op	./�T  
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V -4.3.6m�����./�7n�  

¦½��  ����  
 

x =0 m  x =2.434 )m1  x =4.219 )m 2  

xM ( m/mtf − )  0.25 )3  0 .03 --  

( )θNN x ( m/tf )  --  --  -2.26 

Í  ¢  0.6 -0.3 -0.9 
n�  ( 2cmkgf − )  

Õ  ¢  -0.6 -0.3 -0.9 

1)  bcÖ×ÊR��,-¤ØX xM ����  

2)  �������	
�  

3)  2450254980965016200 ./...M f =×××=  ( m/mtf ⋅ )  

c) ÙÚ��op	¦½���  

����>[
��
1�����[� !'(�� bc�

�ÙÚ��u��¦½���=  

�bcKd1 x =2434 m	2�
��
1�����op	��

IJW%$V -4.3.7 �L=  

V -4.3.7 ÙÚ�� ( mtf − )  

 x =0 m  x =2.434 m  


��
op	ÙÚ��  2870 1440 

������op	ÙÚ��  2400 1660 

x        I  5270 3100 

ÙÚ�� M op	¦½��� N �yKÑZIJÐ=  

    2R/MN π= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.19) 

�ÑÖ� RÛcÖÌ�r ( m )  

V -4.3.8 ÙÚ��op	¦½���  

 x =0 m  x =2.434 m  

ÙÚ�� ( m/mtf − )  5270 3100 

¦½��� ( m/tf )  5.25 3.09 
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d)xp./�7n�  

xp./�ÜØÝ��./�ÞßØ
��
op	./�ÞßØ�

����op	./�ÞßØÙÚ��op	¦½��

�Þ  

(3) i 1 j��	kl  

�i 1 j��Ö�àáâ	n�nãäÓ�åæÄÕ�uXçÏ

0�=  

V -4.3.9 xp./�1n�  

¦½��  ����  

x =0 m  x =2.434 m
�  x =4.219 m   

0È  180È  0È  180È  0È  

xM ( m/mtf − )  10.11 3.45 0.87 -0.11 --  

( )θNN x ( m/tf )  109.07 98.57 104.54 98.36 -2.14 

Í¢  47.5 28.7 50.2 38.3 -0.9 n�

( 2cm/kgf )  Õ¢  -3.0 11.5 33.5 40.4 -0.9 

åæn� ( 2cm/kgf )  -23.8 ≤≤ cσ 207.0 -23.8 ≤≤ cσ  150.0 

����������	
� (
 xM ��� )  

3)i 2 j��	kl  

(1) 
��
1�����  

 

 

 

 

 

 

 

 

T -4.3.12 
��
1�����'(¤  
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(2) ���bc5./�  

a)  
��
op	./�  

�c�\¥2>
��
op	./�T -4.3.13 �L  

 

 

 

 

 

 

 

T -4.3.13 
��
op	./�T  

V -4.3.10 
��
op	./�7n�  

¦½��  ����  
 

x =0 m  x =4.219 )m1  

xM ( m/mtf ⋅ )  12.35 )2  --  

( )θNN x ( m/tf )  --  -98.95 

1)�������	
�  

2) 35212254980965016380 ./...M f =×××=  ( m/mtf ⋅ )  

b) �����op	./�  

�c�\¥2>�����op	./�$T -4.3.14 �L=  

 

 

 

 

 

 

 

T -4.3.14 �����op	./�T  
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V -4.3.11 �����op	./�7n�  

¦½��  ����  
 

x =0 m  x =4.219 )m1  

xM ( m/mtf ⋅ )  0.976 )2  --  

( )θNN x ( m/tf )  --  -8.98 

1)bc�����,-¤  

2) 9760254980965064500 ./...M f =×××= (  m/mtf ⋅ )  

c)ÙÚ��op	¦½���  

1i 1 j���è5���ZQ3�bcKdÙÚ��op	¦

½���=�3W%$V -4.3.12 �L=  

V -4.3.12 ÙÚ��op	¦½�  

 
��
  �����  

ÙÚ�� ( m/mtf ⋅ )  11500 9600 

¦½��� ( m/tf )  11.5 9.6 

d)xp./�  

aIxp./�$V -4.3.13 �L=  

V -4.3.13mxp./�  

cKdÊR��  
( m/mtf ⋅ )  

cKd¦½����  
( m/tf )  

������  
( m/tf )   

o0  o180  o0  o180  o0  

q(    12.66 12.66  

����s�  -19.87 -19.87   141.1 

�
  17.09 17.09   -116.3 


��
  12.35 -12.35 11.5 -11.5 -98.9 

�����  0.98 -0.98 9.6 -9.6 -9.0 

./e`�  10.55 -16.11 33.8 -8.4 -83.1 

(3)����	kl  

� o180 2�������
����	
�n�Ó�åæÄ&Õ��



U(

������ o180 ���	
��	� o0 ��
�������  

a)  �
���������	  

������� ���
! 2 "#$��
��%&����

�
�����'%&�� Pσ ()�*+ -4.3.2 �,
-.���/

&01������
23456 pC =20 cm�  

    2pLpep σσσ +=  

       )C/A/(N ppLpe 2θσ +=  

       )././().( 201293101838566 3−×+=  

       =8566+5312 

       =13878( 2cm/kgf ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4.3.20) 

73
 2LN θ 8! 2 "#$%&�-.�
����� ( kgf )  

peσ 8�
�������9:�� ( 2cm/kgf );<=>?@A

� 43,000 kgf BCDEFBG0EFB���HIGJB

KLMN��OP
QR()�������S  

 2pLσ 8! 2 "#$T
������UVW ( 2cm/kgf )  

 pA 8XYZ����[\]^_`a ( 2cm )  

 pC 8�����3456 ( cm )  

b(cd�ef�� ydf �g sy /f γ hi�  

73
 yf 8�����ef��jIW  

Sγ 8����klmn (1.0) 

160000116000 == ./f yd ( 2cm/kgf )  

op_`�¥¦½Í�	
�¢Õ Pσ Ö ydf �×W�� 1.0 �Ê�  

    018701600013878 ../f/ ydp <==σ  

b)�¤  

g�Ø�,
! 2 "#$MN��
��������
Ù�e
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Ôn�&K�X9p��wé	A�êëº���5tP=  

(4)¦½��kl  

�bcKd o180 2��	¦½��n�v�åæÄ&Õ=�&��­

?2	kl�®kl�bcKd o0 2	./Ëéìã�=  

a)aI./ N  

bcKd./$T -4.3.15 VL=  

 

 

 

 

 

 

T -4.3.15mbcKd./T  

aI./ N$K�Q3=  


�/5àáâ~4,�n{ cuε (=0.0035)�?��Ö�� x5í

°ZBC&K��y./�Q3=  

a)n{Ä7./Ö��	�rî�=  

b)�­àáâ5ïn�=  

c)àáâ
���$T -4.3.16 V�L=  

 

 

 

 

 

 

 

./9�  n{"#  n�"#  
T -4.3.16mä�Ò�./ÊRËé NIJ`	n{1n�"#T  

32-B 1 @520mm
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d)Ò�5n� -n{RS�&T -4.3.17 VL=  

    PSTSC TT'T'C +=+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4.3.21) 

ÑÖ� 'C Ûàáâ
�5x� ( tf )  

'TSC Û
�Ò�
�5x� ( tf )  

STT Ûï�Ò�ï�5x� ( tf )  

PT Ûs�Ò}ï�5x� ( tf )  

 

 

 

 

 

 

 

(a) Ò�1�o`Ò�
5n� -n{RS  

(b) s�Ò�S�s�  
Ò}��5n� -n
{RS  

(c) s�Ò}��5n
� -n{RS  

T -4.3.17mÒ�5n�¡n{RS  

&�Ö���r x =8.38 cm2IJ�?�Ò�1s�Ò}5n�$&K

�L=  

ig£Ò�n{ 3

1 104121 −×= .Sε  

ig£Ò�n� 5144468734629641 ...TS =×=  

i§£Ò�n{ 3

2 108534 −×−= .Sε  

i§£Ò�n� 214619873430002 ..TS =×−=  

i]£Ò�n{ 3
3 10578.16 −×−=ε S  

i]£Ò�n� 214619873430003 ..TS =×−=  

s�Ò}n{ 3

1 106684 −×−= .Pε  

s�Ò}n� 142968465154592441 =×−= ..TP  
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