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0.5m3 BioNET

0.3m3 BioNET
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13.77 mg/L TKN

TOC TCOD SCOD

NO3-N 11.89mg/L

HRT 25 HRT 15

C/N 3.3 1

NO3-N 4.03mg/L

NO3-N 67%
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denitrification

Mateju et al.,1992 and Gayle et

al.,1989

:

5 C 2H 5O H + 1 2 N O 3 + 1 2 H 6 N 2

+10CO2+21H2O

1kg 1.37kg

:

2NO3 +5H2 N2+4H2O+2OH

1kg 0.357kg

0.38-0.4H2/kg NO3 -N
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BioNET

PU

BioNET

PU m2/m3

BioNET

BioNET

a.

b.

c.

d.

e. /

f.

0.5m3 BioNET 0.3 m3

BioNET

BioNET 

0.5m3 BioNET 0.3 m3

BioNET
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BioNET

5 5 c m 2 4 5 c m

0.5m3 SUS304

BioNET

4 5 c m 1 9 5 c m

0.3m3 SUS304

PU

1999 2.2cm

2cm 4.5cm3

83%

76% 70%

BioNET

10L/min

40L / 1

1 15 PU

0.8Nm3/min 

1.7Nm3/min

TOC TCOD SCOD SS

TKN

1

BioNET

HRT

25 HRT 15

89.5.11

89.12.15 2
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p H

7 . 1 2 T O C 2 . 7 6 m g / L

0.36mg/L 0.94mg/L TCOD

29.70mg/L 0.45mg/L

10.66mg/L SCOD 6.34mg/L

SCOD 5mg/L 58%

5 10mg/L 29%

SS 17.5mg/L

2.5mg/L 4.92mg/L

13 .4NTU 0.32NTU
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2  BioNET

�� ����

PH SUNTEX pH meter SP-2200

TOC TEKMAR-Dohrmann Phoenix 8000

TCOD ��	
��,Standard Methods 508.B
Closed Reflux, Titrimetric Method

SCOD 0.45
m�������

SS ����������� 210.1

�� HACH/U.S.A. Model 2100P

TKN CNS K9017,����� !"#$�

TP ����������� 427.1

%"&'()"&

*'()"

DIONEX /U.S.A. DX-100 Ion
Chromatograph
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4.37NTU 3NTU

47% 3~6NTU 25%

6NTU 72%

TKN 2.87mg/L

0mg/L 0.55mg/L

0 . 3 8 m g / L 0 m g / L

0.03mg/L

19.90mg/L 10.06mg/L

13.77mg/L

0mg/L 0.25 mg/L

0.003 mg/L 99%

0.04mg/L

10mg/L 20mg/L

TKN TOC

TCOD SCOD

HRT 25

C/N 3.3 1 COD

TCOD 3.10kgCOD/ m3.day

0.70kgNO3-N /m3.day

HRT 15

3

U* 

��� ���� ���� �	��

pH 6.32 7.94 7.12 

TOC (mg/L) 0.36 1.65 0.71 

TCOD (mg/L) 0.45 29.70 10.66 

SCOD (mg/L) 0.25 18.60 6.34 

SS (mg/L) 2.50 17.50 4.92 


� (NTU) 0.32 13.40 4.37 

TKN (mg/L) 0.00 2.87 0.55 

�
(mg/L) 0.00 0.38 0.03 

��
(mg/L) 10.06 19.90 13.77 

���
(mg/L) 0.00 0.25 0.003 

��(mg/L) 0.00 0.68 0.04 

2 

0



3 pH

pH

7.13 6.95 pH

pH 7.27

3TOC

T O C

1.11mg/L 7.62mg/L 1.38mg/L

TOC

TOC

TOC

TOC

4TCOD

T C O D

12.38mg/L 38.20mg/L 16.18mg/L

U*

���� 89.10.9�89.12.15 

���	 
�� 
�� 

�����(m3) 0.5 0.3 

�����
�

������ 28.8 �����

�� !"#��$%�� 25 ���

&'(��)*��������
�

��	
�� ����� 	����

�������(kgNO3/m
3.day) 0.70 0.23 

 �	

� ��
 ��
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� ��� 

pH 7.13 	�
�� �� ����� ��

TOC (mg/L) 1.11 ��	�� 6.51 ����� 0.27 

TCOD (mg/L) 12.38 ������ 25.82 �	���� 3.80 

SCOD (mg/L) 8.23 28.99 20.76 12.00 3.77 

SS (mg/L) 9.46 30.10 20.64 15.64 6.18 

+, (NTU) 7.73 25.99 18.26 4.29 -3.44 

TKN (mg/L) 0.59 1.52 0.93 0.70 0.11 

NH3-N (mg/L) 0.06 0.15 0.09 0.09 0.03 

NO3-N (mg/L) 12.09 4.21 -7.88 4.03 -8.06 

NO2-N (mg/L) 0.00 0.23 0.23 0.00 0 

TP  (mg/L) 0.04 1.89 1.85 1.73 1.69 

3 

(1) TOC TCOD SS
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5SCOD

SCOD 8.23mg/L

28.99mg/L 12.00mg/L

TCOD SCOD TOC

3.10kgCOD
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3 TOC 4 TCOD

6SS SS

9.46mg/L

30.10mg/L SS
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7

7.73NTU

25.99NTU

SS

SS

4.29NTU

8 TKN

HRT 25 TKN

0.59mg/L

1.52mg/L TKN

TKN

TKN

0.70 mg/L SS
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7 8 TKN

10 11

12.09mg/L 0mg/L 3

0.70kg NO3-

N/m3.day

3 . 3 1 N O 3- N

4.21mg/L NO2-N 0.24mg/L

NO3-N 4.03mg/L NO2-N

0.00mg/L NO3-N NO2-N

63.19%

66.67%
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0.04 mg/L

1.89mg/L 1.73mg/L

C N P 20

6 1

89.12.11 BioNET

20

6 PU

5.0% 8000rpm

20 105

SS 550

VSS

SS 35.38mg VSS

21.45mg VSS SS 0.60

51,400

VSS 21.45mg

1,102g

1 COD 1.37

COD/ VSS day

0.32 NO3-N/ VSS day

NO3-N

12.09mg/L BioNET

HRT 25

HRT 15

NO3-N C/N 3.3 1 NO3-N

4.03mg/L NO3-N

67%
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3,000m3

NO3-N 16mg/L BioNET

13

4.1

BioNET
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BioNET

5 6,615

m3 2.2

1.

10mg/L 20mg/L

13.77 mg/L TKN

TOC TCOD SCOD



2. NO3-N

12.09mg/L BioNET

HRT 25

HRT 15

C/N 3.3 1 NO3-

N 4.03mg/L NO3-N

67%

BioNET

U* 

4 Bio BET
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(1) 6m 5m 4m 3m

3m

(2) NT$40,000/m3

(3) PAC NT$30,000/m3

3

5  BioNET
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U*

NO3-N 10mg/L

1. 1996

p.40 52

2. 1997

1992

3.

1997

p.62 67

4.

1997

p.24 30

5.

1997

p.89

95

6. 1997

p.30~56

7.

1998

p.25 29

8.

1999 BioNET

p.22 33

9.

2000 BioNET

2000

Nov. 17, p.39 56

10. Breitenbucher, K., 1990 , Open-Pore

in Sintered Glass As A High-Efficiency

Support Medium in Bioreactors : New

Results And Long-Term Experiences

Achieved in High-Rate Anaerobic

Digestion, Wat. Sci. Tech., Vol. 22.

11. Chang, W-k, Tzou, W-Y, Wu, H-S,

Chuang, S-H and You, H-S, 1999 ,

Application of BioNET Process for

Pretreatment of Raw Water, 7th IAWQ

Asia-Pacific Regional Conference,

Tapei, Taiwan, October, p.18-20.
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12. Dahab, M. F., 1993 , Comparison

and Evaluation of In-Situ Bio-

Denitrification Systems for Nitrate

Reduction in Groundwater, Wat. Sci.

Tech., Vol.28, No.3-5, p.359-368.  

13. Deguchi, H. and M. Kashiwava,

1994 , Study on Nitrified Liquor

Recycling Process Operations Using

Polyurethane Foam Sponge Cubes As

Biomass Support Medium, Wat. Sci.

Tech., Vol.30, No.6, p.143-149.

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

and R.E.Benoit, Biologial denitrification

of water, Journal of Environmental

Engineering, 1989,Vol.115, No.5,

pp930-943.

15. Mateju,V.,S.Cizinska,J.Krejci and T.

Janoch, Biological water denittrification-

A review,Enzyme Microbiology Technology,

1992, Vol. 14,pp170-183.

16. Wartchow, D., 1990 , Nitrification

and Denitrification In Combined

Activated Sludge Systems, Wat. Sci.

Tech., No1.22.
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Marketing

Employee

Satisfaction
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3.
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3.

4.

5.

Empowerment Power lnformation

knowledge Reward

EMPOWERMENT
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New Partnerships

1.

Work Teams 

2.

3.

Team

4.

1

2

3

1

2

3
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PDCA lan-Do-Check-

Action

TQM Total Quality

Management

TQM

Model
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1. Improvement Driven Govermment

Public Service for the  21ST Centrury.

David  K.Carr  Ian D.  Littman  John

K.Condon

2. 1996

3. Total Customer Service The Ultimate

Weapon By William H. Davidow and Bro

Uttal

4. Total Quality Management in the public

Sector. Dr. April Chi 2000.CMI

5. Effective Managerial Behavior Dr.

Charles Billings. 1999CMI



(1) (2) (3)

(4)

(4)

1971

(San Fernando)

[1] 1995 1999

[2,3]

60 %

1977

(Kubo et al.[4] Wang & Olabimtan [5]

Wang & Lau [6])

(Kubo et al.[7] Wang &

Cheng[8])
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[9][10]

(1)

(2)

(1)

(2)

1

[11]

(1) 

(2) 

(3) 

[12] 2

U* 



3.2.1. 

Wang[11] 3

(1)

U*

L L

Uj

����

����

L L

jθ

Uj

L

jθ

	
���


����

	
����

1  (Wang[11])

���

(0.5g)
���

(0.42g)

���(0.35g)
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��	
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�
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U* 

(2)

(3)

(4)

(5)

(6)

(1)

(1)

E

A

4 5

� gε �

� )(xug xg ⋅= ε �

� )(xu
sK

)()(
)(

2

2

xu
EA

K
xu

EA

K

dx

xud
g

ss −=−  

��������	
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��	

3  (Wang[11])
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(2)
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L
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p j

U*

��������	




�
�




�

�

	�


��
�

�����	

��� ��� �� ��� ����

�

���

���

���

���

���

0.05
0.1
0.5
10
50
100
1000

01.0≤

������������������

	
���������	
��


��	
���������
���

�����������������	
��

����������������������������������

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

���

5  (Wang[11])
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�

Ω
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6  (Wang[11]) 7  (Wang[11])



Fj 7

8

fs fsl1

9

N

10

[16]

(1)

(2)

(3)

(4) i-1 i

(2)

(2)

XG

X

[ ]soilK

[ ]sK

[ ]{ } [ ]{ }Gsoils XKXK =  
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�

�
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���
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�

1l

Ω
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�

8  (Wang[11]) 9  (Wang[11])
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10  (Wang et al. [8])
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11  (Nelson & Weidlinger[18])
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(3)

(3) SV TG

Kh

[20]

(1)

(2)

(3)

[21]

hGvs kTSU
2

2

π
=  

U* 

��������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������
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(PVCP)

(DIP)

(PCCP)

2. SP PVCP DIP PCCP

PCCP

3.

4.

5.

1. Housner, G.W. and P.C. Jennings, The

San Fernando Canifornia Earthquake,

International Journal on Earthquake

Engineering and Structural Dynamics,

Vol. 1, No. 1, pp. 5-31 (1972).

2. 1995

(1995)

3.

64-81 (2000)

4. Kubo, K. , Katayama, T. and Ohashi, A.,

Present State of Lifeline Earthquake

Engineering in Japan, Proceeding of

ASCE Current State of Knowledge of

Lifeline Earthquake Engineering

Conference, pp. 118-133 (1977). 

5. Wang, L.R.L. and Olabimtan, A.,

General Quasi-Static Seismic Analysis

of Buried Straight Piping Systems,

Technical Report OU LEE-006,

U* 



University of Oklahoma (1983).

6. Wang, L.R.L. and Lau, Y.C., General

Elastic Responses of Buried Pipeline

Systems due to Ground Wave

Propagation, 9th World Conference on

Earthquake Engineering, Tokyo, Japan

(1988).

7. Kubo, K., Katayama, T., and Ohashi, M.,

Lifeline earthquake engineering in

japan, Journal of the Technical

Councils of ASCE: Proceedings of the

ASCE , Vol. 105, No 1, pp 221-238

(1979).

8. Wang, L.R.L. and Cheng, K.M.,

Seismic response behavior of buried

pipelines, Journal of Pressure Vessel

Tech., ASME, Vol. 101(1), pp. 21-30

(1979).

9. Sakurai A. and Takahasai T., Dynamic

Stresses of Underground Pipelines During

Earthquakes, Proceeding of 4th World

Conference on Earthquakes Engineering,

pp.811-895 (1969).

10. Newmark  N.  M., Problems in Wave

Propagation in soil and Rock,

Proceeding of International Symposium

on Wave Propagation and Dynamic

Properties of Earth Materials ,

Albuquerque , New Mexico, pp. 7-26

(1967).

11. Wang L. R. L., Numerical Seismic

Analysis and Modeling of Buried

Pipelines, Soil Structure Interaction:

Numerical Analysis and Modeling

Edited by Bull J. W., pp. 557-603

(1994).

12.

(PVCP DIP)

(1999)

13. Wang, L.R.L., Static and quasi-static

seismic analysis of underground pipeline

system, Technical Report (SUBDUPS

Project) No. 11, Department of Civil

Eng., Rensselaer Polytechnic Instiute

(1980). 

14. Shah, H. H. and Chu, S. L., Seismic

Analysis of Underground Structural

Elements, Journal of Power Division ,

Vol. 100, No. PO1, ASCE, July, pp.53-

62 (1974).

15. Gooding E. C. Jr., Seismic Stresses in

Buried Elbows, Presented at the April

2-6, American Society of Civil Engineers

Convention and Exposition,Boston,

Massachusetts(Preprint No.3595)

(1979).

16. Wang L. R. L., Development of Design

U*



U* 

Criteria for Lifeline Applications,

Proceedings of the Trilateral Seminar-

Workshop on Lifeline Earthquake

Engineering, Taipei, Taiwan, November,

pp. 265-279 (1985).

17. Wang, L.R.L., Quasi-static analysis

formulation for straight buried piping

systems, Technical Memorandum

(SVBDUPS) project No. 3, Dept. of Civil

Eng., Rensselaer Polytechnic Institute

(1978).

18. Nelson, I. And Weidlinger, P.,

Dynamic Seismic Analysis of Long

Segmented Lifeline, Journal of

Pressure Vessel Technology, ASME, Vol.

101, pp.10-20 (1979).

19.

(1997)

20.

(1996)

21.

pp.480-

488 (1996)



Cryptosporidium Giardia

Pathogen

Multiple

Barriers Concept :

0.3 NTU

3

U*

*   



Troubleshooting

10

6 Core Sampling

Floc Retention

Analysis

:

1.5 3.8

1.5 m

2in 4in 6in

6in 6in 6in.........

15

1

2

3

4

5

6

U* 



7 200

mL

:

%

D10 U=D60/D10

11 D90, /D10,

4.0

6

w 5

80%

e 15

r 15

Lechatelier

U*



U* 

w 50 ml

e 50

ml 30

500 ml

r 1000 ml

1

1 8

��� 100  m�� 
����	(NTU) 

��
��
 

10~30 �������
� 
30~60 ������
� 

60~120 ������
� 
120~300 �����
� 
300~600 �����������
� 

600~1200 ����� ���� 
12 0 !" #��$%&�� 

2



6

60

5

U*

2 2

�^_` ���ab 6c KL` �d 
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0.1  NTU

Sequence

7

20~25% 0.6 m3/m2/min

0.8 m3/m2/min

U* 



Filter to

Waste

Cryptosporidium

Giardia

2

1.

2.

89 5 .

3. AWWARF and AWWA Self-

Assessment Guide for Surface Water

Treatment Plant Optimization.1997.

4. AWWA Guidance Manual for

Compliance with the Filtration and

Disinfection Requirement for Public

Water Systems Using Surface Water

Sources.1991.

5. Appiah Amirtharajah Barbara Maria

Brouckaert and M.Timmerly Richman

Filtration:The Great Barrier to

Particles Parasites and Organics.The

International Workshop on Drinking

Water Quality Management and

U*



U* 

Treatment Technology Proceedings

1999 Taiwan ROC.

6. Susumu Kawamura Integrated Design

of Water Treatment Facilities.1991.

7. AWWARF and AWWA Criteria for the

Renovation or Replacement of Water

Treatment Plants 1991.

8. Susumu Kawamura Design and

Operation of High-rate

F i l t e r s . J .AWWA 91:12 :77-90

Dec.1999.

9. Trussell R.Rhodes Melissa M.Chang

John S.Lang and Willie E.Hodges Jr.

Estimating the Porosity of a Full-scale

Anthracite Filter Bed. J.AWWA

91:12:54-63 Dec.1999.

10. USEPA Optimizing Water Treatment

Plant Performance Using the Composite

Correction Program.1998 Edition.

11. Michael J.MacPhee and William

Becker AWWA Coagulation and

Filtration Committee Filter

Backwashing:When and How.Opflow

25:3:10-12 AWWA MAR.1999.

12. AWWA Water Treatment Principles

and Practices of Water Supply

Operations 2 nd Edition 1995.



(AWWA standard for filtering material;

ANSI/AWWA B100-96)

1

1

1

1 ASTM C117

No.200

0.074mm 2 2

ASTM 

C40

ES

U*

*   



U* 

US

a.

b.

90 60 10

1

JQ  
 "RS @= TUVW 

�Mohs’ cale
 
XYZ[W% 

\]^ >1.4 >2.7 <5 
_`a >2.5 NA <5 
bcWa >3.8 >5 <5 

ASTM 

D75

2

2

£¤�§U¬¥¨© £¤¥¦ 
mm in kg lb 
63.0 2.5 45.0 100 
37.5 1.5 32.0 70 
25.4 1 23.0 50 
19.0 3/4 14.0 30 
12.5 1/2 9.0 20 
9.5 3/8­®¦ 4.5 10 



U*

2

10

2

3

3

����� �	
��� 
2-8 2 
9-15 3 
16-25 5 
26-50 8 
51-90 13 
91-150 20 
151-280 32 
281-500 50 
501-1200 80 
1201-3200 125 
3201-10000 200 
10001-35000 315 
35001-150000 500 

2

3

ASTM 

C702

1 1



U* 

1.18

1 1

4

1. 110

5

2.

4

0.1

3. 1 1

4

4.

30

5.

110 5

6.

0.1

(%)= 100

2

4

4 1 1

�+,-�.�/0 .1'����� .1 1	1��$��
� 

mm g mL 
63.0 4000 7000 
37.5 250 800 
25.4 250 800 
19.0 250 800 
12.5 250 800 
9.5 100 320 

ASTM 

C128

ASTM D4371

ASTM 



U*

C136

1.

ASTM E11

2.

5

5

�+,-�.�/0 .1���� 
mm (in) kg lb 
63.0 2.5 23.0 50 
37.5 1.5 16.0 35 
25.4 1 11.0 25 
19.0 3/4 6.8 15 
12.5 1/2 4.5 10 
9.5 3/8 2.3 5 

No. 4 (4.75)  500.0 g  
No. 8 (2.36)  100.0 g  

 

ASTM C136

10

0.5 5 0.5

ASTM E11

10

D60 60

2 4

1.1892

5

7

D60



U* 

10

60



Niti Exabhud

Metropolitan Water Authority

MWA

ISO9002

1909 1914

30

1967

MWA

Bangkok Nonthaburi Samutprakarm

748

3,080 1,148

1999

138.5

14.15

72.3 Bangkhen 

3,200,000CMD 27.7 Samsen

550,000 CMD

Thonburi 150,000CMD

M a h a s a w a t

390,000CMD Mobile

42,000CMD

35,000CMD 92.6%

2006 546.92

0.8

2001 2002

Mahasawat

400 ,000CMD 2006 Mahasawa t

Bangkhen 

400,000CMD 1999

4 , 3 6 7 , 0 0 0 C M D 2 0 0 6

U*

*   



5,967,000CMD

Chao Praya River

pH

WHO

MWA

1999 2.0~3.4 M 32

500mm ~ 2000

mm 949.2 SP 76.75

% CIP 12.22%

PCP 7.2% ACP

3.2% DIP

PEP 100mm~400mm

12,774.5 69.71%

PVCP 27.04%

GIP 1.09% DIP

CIP PCP 1/2~3 inch

5319.6 PBP

52.81% GIP 37.05% PVCP 9.92%

DIP PEP

40%

2000 2003

Sukhumwit

Nonghaburi Phasicharoen Branch

145

36.25

30%

259.5

138.5 104.1

34.4

65% 8.56

4.4

51.3%

4.1 48%

0.06 0.7%

8.52 1990 1.68

12.24

1990 1.57

1999

5% 27.49% 6.15

11.94

U* 



1 9 . 9 3 %

8.97% 27.49%

2 6 . 7 5 %

11.73%

Mrs. Chuanpit Dhamasiri

ISO9000

1994 ISO

Bangkhen

ISO9002

1974 1979

800,000CMD

1999

3,200,000CMD

ISO9000

ISO9002 1994

5%

1.

ISO9002 1994

2.

3.

U*



2000 10 ISO9002

ISO9002

1.

2.

3.

4.

5.

6.

7.

MWA

1993

National Waterworks Technology

Training Institute

MWA

Phanom Penh

Waterworks 

MWA

WHO ISO9002

1997 MWA

U* 



Mahidol

University 13

WHO

1997

29.3% 

17.1% 82.9%

1998

MWA Mahidol

WHO 1999

MWA

50%

1999 84

MWA

U*



1995.7.20

MWA

1996

MWA

1.

2.

3.

4.

5.

6.

1999

2000 MWA

MWA

MWA

U* 



U*

MWA

MWA

Bangkhen

ISO9002

ISO9002



U* 

MWA 

�
�� �
�� ���� ��� ������� 

�� % �� % �� % �� % 

���SP� 717.99 3.83 145.31 0.73   868.37 4.56 

����CIP� 126.37 0.61 107.74 0.49   209.45 1.10 

	
��
�

�PCP� 

68.64 0.36 9.76 0.04   76.17 0.40 

����ACP� 30.47 0.16 8886.92 46.76   8935.07 46.92 

������DIP� 3.81 0.02 1.90 0.01 9.52 0.05 15.23 0.08 

�����PEP� 1.90 0.01 34.28 0.18 1.90 0.01 38.09 0.20 

�����

�PVCP� 

  3454.44 18.14 527.50 2.77 3981.94 20.91 

�����GIP�   139.02 0.73 1971.3 10.35 2109.99 11.08 

�����PBP�     2809.34 14.75 2808.87 14.75 

�� 949.18 4.99 12774.47 67.08 5319.56 27.93 19043.21 100.00 

���GV�  54311  54311 

���BL�  3028  3028 

���BV� 1233 249  1482 

 � 1233 57588  58821 

!"# 0 11910 0 11910 
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�� NS Ó���½BA34C  

ð�  
(�¾¿Àð�) 

��? �ä�¥¦B²�§¨C  
��º:qÁÂÈÉ��_ÃÄ�½Å�QèÆ¢¯¾

ð�©WSP 047­�ð��¯¾³ÇÂ�ÈA�é�Ú<
~�³ÂBC  

� ���Úê��+?u�­�:;KLXÖ0�? 

��XW§¨AÈÉ�Æ×�KLXÖµ¶Y�Úçè

ëìÚí���-£�ïî�C  
��?·÷¸��;�ÉC� �º¥@Ê\ËÌC­³

G_"·çèÍÖ �AÎÏC  


V PVC �  ��? �%Ë�OÐ�éC�}Ñm�§¨B}Ò�Ç

ÂB��ÓÔBJHC�0·FÕÖ�æ×�Ø�DÙ

Ú§¨�ÛC  
��ëìB���¡¢£��©RR ��­C���K�m
Sëì;Ü��®gÎÝª�°C�+é¡�?f99

+?5 TS ��©¢9��­�Ýê%K��ª��;#C 
��?·÷¸��;�É��½B¹C  

Þ1�é5Y83�?N�êèB§��p  

1.  êè��5�é  

1) ±Y8����  

³��KLX÷m����ß§ëì���5©B������

m¥·³´��°à5±á�
C  

êèâN��5�é· S Ó� SII Ó�NS Ó� PII Ó�� US Ói



U*

������  

2) ���	�
  

�
��
�������	���������������

� !"#$%��	&'(�)*�+����	"#,-$%.

/0123�4�	56789:;<=>?�  

@A�BCD A EFK EFT EFU EF PI EG������H

I RR �	JKLM�N�	OPQ PVC ��  

3) R��	�
  

�	*SR�TU����
��
�VW�@A�BX KF EF

UF EFYZG�����HIYZ[��\��KF EFUF E���

��X]^>?_`�ab�B��	cdS�]^>?�	�  

)efgh�SYZ�	������-[�ij%
�kl�  

2.  �
e�mn��B  

oA�
��
�/5pq��rsXt�uov+Tw�xy,

�rz{I��
��  

oBA|�BC}~��	|[�q TS �	JLN�	OPQ PVC

��������+�������PQ PVC �� TS �	X���|

�����  

3.   ��B�
  

1) �����  

������rz{�� JIS G 5526����������>�

z{x� 420 2/ mmN J 42.8 2/ mmkgf OH���	12"�����

10%H���	�UX��U�	I��U�	�u �����!

��	"#q$%�'(����z{� ¡¢!ay£�  

���������Q¤¥ -3.5.2��	BA¤¥ -3.5.3 &¦���

�����	�"#,�¤¥ -3.5.4 &¦�  
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C -3.5.2  �B�	�FãBV  

�¨ � 2mm/N © 2mm/kgf ­      1) 420  (42.8) �O 

�� � 2mm/N © 2mm/kgf ­      2) 600  (61.2) �O 

�¨     2mm/N © 2mm/kgf ­     3) 270  (27.5) �O 

ëì;   %                      1) 10 �O 

aBä` 2mm/kN © 2mm/kgf ­     2) 150-170  (1.6-1.7å104) 


�                             1) æç
� 23 �R 

èé�                           2) 0.28-0.29 

��                             2) 7.15 

Dêëä`   1/ì                 2) 1.0å10-5 

1)  JIS G 5526� 5527-1989 
2)  JDPA T 23�������	
��  
3)  ISO 2531-1991 (E) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� -3.5.6 �B�	���oí�  
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C -3.5.3  �B�	���W�  


� �� �  � 
����

( mm ) 
�  � � �  

A�  φ75-350 �����  

K�  φ75-2,600 ����� 
����� !"#$%

&� 

T�  φ50-2,000 ����� 
����� !"#$%

&� 

U�  φ700-2,600 
'()*��

����� 
����� !"#$%

&� 

�
�

�
�

 

PI�  φ300-1,350 
+,��*�

� 
 

KF�  φ300-900 
-./012

345/ 
" 6789�-.:� 

UF�  φ700-2,600 
-./012

345/ 
" 6789�-.:� 

�
�

�
�

 

;<  φ50-2,600 
=%>�?@

AB/ 
CD RF�	 GF��EF
GHIJ GF� 

U-D�  φ800-2,600 
KL�;�

(MNO) 
�PQRS 

UF-D�  φ800-2,600 
KL�;�

(MNO) 
J�TUVWX-.�A

B/�",2345YZ 

T-D�  φ250-700 
KL�;�

(MNO) 
 

�
�

�
	



�

�
 

US-D�  φ800-2,600 
KL�;�(M
NO)FG��

 

S�  φ500-2,600 
�PFG��

��[\]^J

_`ab,Y�Q 1% 

SII�  φ75-450 
�PFG��

��[\]^J

_`ab,Y�Q 1% 

NS�  φ75-250 
FG���F

[\]^ 
_ ` a b , Y � Q c

1%�
��$I 

PII�  φ300-1,350 
+,�)*�

FG��� 
 

�
�



�

�
 

US�  φ700-2,600 
'()*��

FG��� 
 

( )

U

( ) UF

( )

T

US



U* 

�������� �	
��
��������� �

� ��

� ��
�� � � � �� �� � � � ��

	 ��


�� 
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����

����

� !"�


#��

$��
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)�� 

! "�
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����
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� !"�


#��

$��

%&'(

)�� 

! "�


*��

���

����

����

� !"�

+�

$��

%&'(

)�� 

! "�


*��

���

����

����

� !"�

+�

$��

%&'(

)�� 

!"�


*��

mm �
,��
����
����
$���
$���
-���
-���

���

���
����
.���
,���
/���
0���
�����
�����
�$���
�-���
�����
�.���
�.���
�/���
$����
$����
$$���
$
���
$.���

mm �

��
1�
1�
1�
1�
.
�
1�
1�
1�
1�
1�
1�
1�
1�
,$�
1�
1�
1�
1�
/��
0��
0��
����
����
����
�$��
�
��

mm �
-��
$0�
$��
$��
$��

��
-$�
--�
-$�
--�
1�
1�
1�
-��
-/�
1�
-0�
1�

��

��

��

��
���
�-�
���
.��
,��

mm �
��
��
��
��
��
��
��
��
��
��
��
.
�
1�
1�
.,�
1�
1�
,,�
/��
.,�
1�
1�
,$�
,,�
/$�
0$�
�-/�

mm �
��
��
��
��
��
��
��
��
��
��
��
-$�
1�
-��
--�
1�
-
�

��

��
--�
-
�
1�
-.�
-0�

$�

0�
.,�

mm �
2
�3��
1�
2.�3��
1�
1�
2,�3��
1�
1�
1�
2,,�
1�
1�
1�
1�
2,/3��
1�
1�
1�
2/��
2,$3��
1�
2,��
2,,3��
2/��
1�
2/$3��
2/�3��

mm �
2
$�
2
��
2�
�
2�$�
2���
2..�
2.��
2.-�
2.$�
2.��
1�
1�
1�
2.��
2.��
1�
2.$�
2.��
1�
2���
1�
1�
1�
2���
2���
1�
1�

mm �
2
�3��
1�
2.�3��
1�
1�

mm �
2
$�
2
��
2�
�
2�$�
2���


4��35�-3�3
 6789 ���:���;<��������� =">7?@ABCDE��F

�GHIJ7KLMNOP�Q�GRSTUOP���VWXYF ="7Z[\ -3�3.�#��

F # ]^	 ��7	��� ��U �	 ��F<��������� !">7?@������

��G =U_!"F`7Z[\�-3�3.�#�$ F +]^�

$35�-3�3
 67� ��: � ��%&'()�� !"7?@Xabcd�ef7gEhij

k������F�� !"7al��G��mnopFq8rsF�� !t =u"

vX%&'()�� !"^�

-3w@xBCyz%&rsmnop]7{%&�� !"b��|BC&}~��YQ)�

5^�6mnop�Z�<��%ccd���>� ���#���<���z:��>̂ �
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��� �� �

�������	��	���	 !"#$%&'()*��

�+,�-./�01234"567
89:
���;<=>?

@ABC:8DE�FGHIJKL29MMNO	PQ�RJ	�

:>?"�

STNUV:KW��FXYZ�[�����\N]^VKW_�� F̀XYZ�[�

���a\N]^VKW_���b/� F̀ Xccd� [� aae\NfVKW_

��`g- Xccd� [� aah\NfVKW_���b/�`%i"]NV

KW��:jk	lm������� �n"�

� ������� N]^VKW_���jk	loXYZ�[�����p �

� qr��� stu� ����

� 2mm/N � 2mm/N � vwx� ywx�

Zzc�{|� �{| }~� ��� �| }~� �� }~�

Zzc�e|� �e| }~� �a� }~� �| }~� �� }~�

Zzc�||� �|| }~� ��� }~� ��� ah }~�

�'F��������VRJ	!�E����"oXYZ� [� ���{

\G�VE���� F̀ XYZ�[����h\G�V7
()*E���� F̀

XYZ�[���|����|e �����34�p"���)*E����7
��

�E���IJK_"�

��
HF��UV7

�F2�M��7
���7
F�

������oz ��0pUV'F��
H<�~UV��7
"�

���  l ¡¢£ � �

 l ¡¢£ �oXYZ� ¤� �e��F�e��pF¥R¦�§�	FM¨©ª«

¬F­R®J	!F¯°���¬l�±²³´"�

¡¢£ ���µ¶·�¸F­¹�º»�.¼½¾"�»¿ÀF�

�s¸F8¸»ÁERÂÃ	M6�	:Äu"�
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Å8ÆÇÈ9MRÂÃ: l ¡¢£ �;
�oXYZ�¤��e��FXccd�

¤�a�{Fa�|pFÉ�Ê�BjËÌ�ÍÎÏ�ÐÑÒ" l ¡¢£ �Ó	

m������� Ôn"�

� ������ NfVRÂÃ	 l ¡¢£ ��Ó	Õ�

���Ö ��

���� ���� �   � � � � �  	 

�
 JISX-7112  1.40 ��
�� 

�� X-7215 � 100~100 ������ 

�
�

�
�

 ��� X-7029 2cmmg  0.04~0.06  

���� JISX-7113 2mmN  53~58 15 C0  
����� X-7113 % 50~150 	����� 

��
�� X-7113 2mmN  41027.0 ×  15 C0  
���� X-7208 2mmN  65  
�
� X-7113  0.35~0.40  
���� X-7203 2mmN  80~100 15 C0  

�
 
�

 
�

 
�

 

��
�� X-7203 2mmN  41028.0 ×   
����� TMA� C/ o  5108~6 −×   
�� JISX-7123 KgJ ⋅  0.85~1.17 30 C0  
���� ����� KmW ⋅  0.20~0.21 �� 
����	� JISX-6911 cm⋅Ω  15105~3 ×  

�
�

	



�
�

 
�	��� X-6991 2mmkV  23~28 

�����

�

������ 

�

�

�

�

�

�

�

× �����e  l ¡¢£ ��
�ØÊ�

 l ¡¢£ �UV:
�ÙÚÛ�¬
H9�¬� : zZ 
�oÜH

(Dresser)
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 ����
����� � � � ���� �� ��

��������� !"#$% ����&'()� *+,-./

0123#4

564� � 7894

� � 789:;<=� >01?@A#
BC� � 789DE �

FG-HIJKLKMNOPQRSTHUVWVX � � ��S#4

 

3.5.3 � !�"#$%&'  

()� �"#$%&'*+,-./�01�2  

1.� 3+,456!�7*()#$89:;<=2  

1)>?*>6@ABC!�  

(1)DE>�  

(2)FGH  

(3)IJ4��*��  

(4)�KLMN	�  

(5)>?%>6�OPQ�  

(6)3�O�R�!HS  

(7)�TUVW
!>�  

(8)XY>�  

(9)Z[M\T  

2)/B]^_`!�  

(1)^_`+abcd!ef�%gh�ijk�lm�  

(2)��^_%no�pq�ir@stuv  

(3)>)8wx�yza{�  

(4)|}/:;1~()�!�  
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2."�ay�
	�-.(*�\2��`�(*��~�S  

1)"��(Y�������  

2)YZ��  

3)"����(*  

4)-.*�  

5)���?�  

3."�-.I�����3`J�S  

1) a6noYZ����u��YZ�("���2���-.��

���"������~������YZ�X�������S  

2) ik >h� >���u��Y�Y.89���YZf���

� o�89���6�!t�VW�(�-.�"�S  

3)  !�"#�"$ug�av�%�y�("���\2IYZ&

��'��~�"#R��$(UI�S  

4) 6Yd�Ye%&f�g� ¡Y.���89YZ�If��'

2���"#�¢f���£�-."�S  

5) ��89���g�VW���-.�"�S  

6) ��hijk(mYZ3$��YZ�6Y.�¤��89YZf

e�VW���-.�"�S  

7) )y¥?*+,��R-6Yx¦�(*�2§.
�"�/0�

��av�%��\2	),��¨©*ª�$T+�-.���

��£�"�,��("���S«¦�a	�-�¬"6­cY

.	���.�/0%®��\2312R/�¯%3°±²��

�4512�³NC�263E7Q4�°±S  

8) r2�3�567�²¦"�qU"##´"��g��¡�¢v

889:��£"�3-.(*R/�	�S  

9) ;�"<µ"#9]:�;<� ¡=­v88¶�Y.�·>9
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¸¹=�¶�'yº3	�%qU�»S�¦��;�"<�²�

^("�6Y.�·�"<>9¸¹��If��'²�;<2¼

����£��S  

10)Y.���?��¨©"�R;#�2	)%I�S  

11)@�2A���B2A��2¡CD"#��>½g�(�¾"�

�6�(�E¿?F���a¿���@G�"HI/�S  

12)"#^(y�_#"JKLA�BC�3DU/H"J�MNE

�S  

13)�"�%3Y`^(�OF��(P(��2ÀQ1G 30 cm3]S 

14)¹RS"�26MN�Yx(
HI�3�2T�"#µ;Á��

.7uÂAU'�JH��S  

15)�KL"#VCK��¿KÂAW��"#VWX 500~1000 4M

(
EÂAW�(�S  

16)"��(VW@0�T�2Ã�§.¾Y�%&��S  

 

ÄÅ¥Æ  

1.  "�-.(*�I¡^(tNYd Ye�2A�y�Z`�J�º3

	�S  

1)  yÁÇYd�Ye  

6Y.��"#f����� YZ��If��O[���^(

tY�Yd�YeI"�¨©ÈPS,ÉQ.7\]�R�S3`YZ�

V·A3"�7^�'¿��	�%-.I�S  

(1) noYZ  

noYZ·�Y.>9¹T�Ê��$89YZ`: '� &

�u_U��3¿��V�Á`"#-.I�S  

(2) ��Y  



U* 

ik >h� ���u��Y��odW��6Y.�E>9

¸¹f��a¿��89����N�S3mbY.\]01�a"

�X-.(*�\��YËY;<"#cd	��'(*�yeºÁ

`S  

(3)  !�"#�"$  

6�!tN��("#�I¡Y.�YZ&��`:Rfe�3

$"������gh�Ì&�I��2yeº	�S  

(4) EÍ��i��tN  

�!tN�E�Y.ZTj¹�� YZ89¹���S«¦�

yk[��YZY`��lm���\9:�S  

(5) Yd�Yef�%&g  

6Yd�Yef�%&g�4]Y�TYRO^g���dYZ

½�dYZO^g�_89ÉYdf����Y.�EA3�(Y�

89v��Ê�S  

46�!tN�("��y	)(mYZ89¸¹R2¶��I

f��n%�6o�`��n�O^Y�p2V�abS  

(6) ��89���g  

Y.��acdYZ89���\YZR´0¶E¥d`l�a

e3e¶uvwU¶�A3YÎ YÌ89�Ï ÐÑuYZfeS

 ¡Òq89�!Y.7^�'yº3Á`!"�YZ�Xu)��

�S  

(7) hijk(mYZ  

ahijk6Y.�&��¤��A3(mYZ89¹ÓÔ�T

'��2º3Á`S  

(8) ��YZ  

�¡��YZ�g�6Y.��i�YZÕ·f�ÌÖ��A3
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YZ¹�fe�0��YZ�g;­c]�hi��0j[���y

º3Á`S  

(9) ,��  

���� Y�f�¸¹�g�r��(�-.�"�s��8

97^����y73,��U����"#�(�Ã�v�/0,

��Sav�%��\"�y¿tu����£�S  

2) "#r2×Á`g  

vw�"#3r2$)��01�3`J;·��Y.>9¸¹�

f��2¶�'2º3Á`%-.�S  

(1) r2�µxyo67"¦��¦;"#��;#�Y.�xyo6

7"�¦;"#Ê�vE ����N;#q¿2¶z�_U�� 

"�fe ��{|�"�	}�'�gyº3Á`S�¦�sy~

}v�"����-.�S  

�¡��YZ�r2��"��1���89v889:�'%

�Ngy��	�Y.�v889:�Ø�S  

(2) klr2�;�"<9]:�;#  

kl����q�¡;�"<R`m�0 ¡Y.��YZEg

Ê�¸��nmi�Ê�n¹�v�EgY�>9�If����N

;�"<µ"#9]:�Ào���·­c�Ùfe�'yº3Á`S 

(3) Y.���?���2eºab  

"#pqrs;#Ú6Û7�Ls�W��Ü �" T t"�

"S¢�ug�·­Y.��?��¨©�yº3	�%-.�S�

�	� 1.6 Y.��?����Ìu��S  
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2."#-.(*���2�� -3.5.8 ~�S  

                             

� -3.5.8 -.(*��  

1) ��"#�(Y������  

~�"#(*�v�2ÝHI*�#���Ye Yd$oY��

Ø�~����%��4`S  

���

(1) �����	

�����
�
��

(2) ����

(3) �������

(4) ����

(5) �����

 �!

"

#
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(1)¢z%w,��x��$~�_YyzS  

(2)73"#*��Y�TÌ��{�Ì�S  

(3)¢z"#*�#�(mY��%wod��x��6ÛY� Yd�

Y`��u���!h{�Ì��Yd|}� N�$o�����


�u�73���S  

(4)�����~�_Yyz�HI�~"���µÕS  

2)YZ��  

�Z� 1.4 od�� YZf��YZ���~�e�YZ��S  

(1)od��  

E�Yd����$od����XG 100 m~�EG�a6Y

ZvwU�g�������1�S  

«¦���E��2~�À�(�Z�6E�S  

(2)?�YZ�?��  

-.*��×�YZ�?���2¡JYZr2f�g��S  

3)�U���"�  

"#��(*�E��Z`�Þ�~�S  

(1)�U��  

ßÝ�y��*�#�ËY���YZ������UVM��S 

(2)!
&'(�  

%G�?U*�#�]Ù�� �
� ��(�$#�"u&

'(��!
�$�U%2A�»S  

 

(3)�U"à "áÍ$��â»  

"à "áÍ$��â»2�^"tN�oY��Ø� Yd 

"#2A )��$-.�u�ã,MNab:�TUS%�-.�

�TU"à½��â»�N
��	��ã�'"à�"�r2e»
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��������	
  

��
���������������������� ���

!"��#$%& '�()*+,-./#01234
5678

9:�;��<=>?@ABC�D�EF�GH)�	IJKL(

MN67��
  

�OPQ<RSTUIJVWX�O#Y�PQX�O4Z[


$\IJPQ�]^7_`abUcPQIJ�]<5Y�PQ�]

d(IJeIf�^7_`a
  

 

 

 

 

 

 

 

 

g -3.5.9 cPQXIJ�]hiE  

j .IJVIX�]  

a)�GH1i	  

�GH1klm+���n���������)!"��o

pqr��<stuvB�D:1EF5p
  

b)IJB	  

IJPQ�kl�O2KwU<$\�� x,-./2K<

()67Qy2KZ[<5B	�IJ?z{|�O2KwUv

Qy�}~�#���
  

� .Y�PQX�]  

�GH1EF#IJVWX�]��<��m+��Qy��

j .IJVIX�]  
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����?XW�����������N�����5����C 

4)��
�  

����
�34��� 2.3 P�������������	A

��
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�pª«Z[ÒÓ���5YÔ¦@��¦�ÕÖ1A×�FHÇ

ËiÌ8j	��ÏfØÃ��ÆLT�½I�mÇz�
ÙfVNÎ

��Ã  

1) OÚ-pÛª«Z[É�rKÜ�§A1Ã  

(1) 1)OyZ[  

91Z[\M:Â1)OyRJ�A×³bØ-pZ[ÇÀ�«

�tYÔ^�IÝÃbQ-pÛ���P�>��Ç�9ÞU0ß

��pª«�ªÃà@���ÍºÇslÎ-\MD!yÛ¼µ-

pÃ  

(2) SPC(Set Point Control)Z[  

9ÖÏµ¤Ë��%á"	A×��:�Û1)�âOyÇã�

£N�±�ÇÀ�«���YÔ�IÝÃ  

9ÏµÛª«Z[�;Ý<psl» (1).�Ç ��"	?{

|
�­{�@��ÇÐ0ß��p¼µ-pÃ  

(3) ä� DDC(Direct Digital  Control)Z[  

9Ïµ¤ËÂ���%áÇåæËç�!="	;Ý��yZ

[ÇÀ�«���YÔ�IÝÃ  

2¿�6"	%+»!=��¤��À��y�\Mª«�­�

¨ÁÂZ[A+»*¿�6"^  

(4) ÃW DDC 6"  

� z Ä x Å Æ Ç � � + » Æ ¾ Ç & � � (SSCÀ Supervisory 

Computer Control)À.Å«�h�È+»ÉÊË®Ç&�� (DDC)À



U*

¢�4�¡Ì8ÃWÇ&zÄ#ÂÍ6"Àº��slmg�¬�  ̂

�zÄ#¿�6"À�Î�ÏÐhz�^  

�  DDC ��Ñ6"@Z-Äp^  

�  DDC ��ÒÊ­�[AÀ8+»¿�¨ÁÂÍ^  

�  Ó� DDC ��Àª­�Ç&[AÉÊ5YÔ¦�ÕÇ&Öx5+

1× /1Ç TM/TC(Tele-Meter/Tele-control)¿���^  

�  FHhz�ij8¢#¿�^  

�fØ���z�ÀLs��T�T½I�
ÙÀÇ&�È

#­�VNOÀÚ�yÛrÃKÜ§)9^  

2) ÆÇ��¿���+»À:RÏHhzÄKÜ§)9#^  

(1) ��J­6"�  

	%³bÄ6" (Duplex system)À³t6" (Dual system)Ô�J

­��6" (Multi-Computer System)^  

(2) Ç&���ÕÝQ�  

P«�ÉÊ5YÖxÔ TM/TC zÄÀÅ�¤ÆÇ�>�Æ¾�

Ç&^  

(3) L (1)� (2)ij�  

3) h�ÂÍÞ»6":>�U0ßàDVKÜ^Ls«�JËÂÍÞ»

6"#+¼¬µ0ß��� 500 galÀál0ß��âÀã£±F��

;�<� 1000 galÀÚ�Lã£±?Õ{VÖ+¿+»0|ÑÚ
�

äÀ�0ß�ål#æÀ\:ç�v]�ß+¼Ö�Ô�·^8Ls

#Í2�O��Gv>�A*^ÃWÁÂ�²�
>Ow2����

x�./��5YG6�ª«zFy	%6��>1�o �/)�

�Oª«'pF�#CzT��¬��  

4) %� TM/TC �N  

�� TM/TC �NXV�� ���W�r���{O|)�@gÑ

!�jV�è�OO|Gn}%��Àg�q?G�'(O|G�g
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V�J³���  

(1) ���~%2��¦Öx  

/��H&�5�½?V� N×)1:1( ���jK��� N:1 ��h

�I0�C�D N:2 ��H&���  

(2) TM/TC �N�C�Ö	N���  

O���yC�cO���\��}C�N#MÖ1C����

Ö	N�lH������+�  

(3) �Öld"$�� (Load share Duplex) 

${� TM/TC �N#X�V����3kMicro-Processorn�/2

Y>�6�V��d��Öld"$���è�V� 2)1:1( × ���

j0�,5YO|G�� ,Àg��O|,�����W )2:1( /

À%���qD�/g>!W��Gc�H��
y��Ý�  

5) %�f��g  

TM/TC �Nf�µg��&:��G������:�è���

�g4NTT �k��µgn4TT Net �z UHF4VHF \³���fG

�è�µg8�µggÑW¹RS SN *;^�8 SN *H;cgÑW

HV�?g.h
�5RcH��  

+»�É�:���� SN *�H��½�­G�G���H>�

¬è��>�qD1V�G����Q
���;����6"è��

��H�g�  

(1) %�:�f�µg  

�	���g� NTT �k��µ�n8�+»�~%�gk:

@	µg��ng:�.h8�QR�r��G�v]:�µg8

��g>!�&¬��7zT��
v]�é� �>�  

(2) %�G�f�µg  

%�G�f�µg¹�Ö	N��2���2�+»�&��

�%�2��OÖ1	°	N�y�v]�  

3
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3.  

1) G�6��	
�RS6"	/6"��y�/�,�� JEC-144k6

��G�6è���4�æ	
�,n�D��=�	
�RS6"	/

6"��y�/�,�� JEC127k�6���j	
�,n�  

KI��	N5R´4�?âãg>��H;�����H;��

���G��
ÙV=�	
�� !�  

2) ��u�  

r���
�9=���)�?@u���>�!W��u�s4

tu��zOF#�	�C�fµgG�Q¶����µg:8�g>� 

@.h�¤râã�Tu�u�z�Jê
���g�!�\�~

�O��	N����?y���Sy����Ý@	
���  

3) ¶���=��¤  

¶��G�62�g�#� ZMH70 �,��d�6��@g9!;�

À��H;)����K6`Y;�b�B�� ZGH12 �,Q���b 

fq�Oj	m��HG�.@g9H^�O�å���D��Ý�  

5��Ç��� � (1) OG�62$�� fq�c�$g9 

f� (2)  fq��cm�k 1500 mm�Jn� (3) j	µ�G?���H

Jg��H�g9!�� b fq� (4) �
v]��� fq¡Á

Â�  

¬¢��  
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3.7 2¿�6"	%  

+»!	=��2¿¤��+»À��y�\Mª«2�­¨ÁÂZ

2¿[A*^ÃW�zÄxÅÆÇ�¾&.�h�¤��ÈÉÊË®

¢�4¡Ì2¿6"8#¤ÍºslÀ�m¤g��¬�Î[�Ï¡

ÌÐ�Ñ2¿6Ç8#¤¾@-*pÒs.ÓÀ���2¨  

 

5YÔ¦  

��ÈÉ4[A*ÆÌg�[�ÕÖ¤z1×¢pÒÅÆ2¿¤F¢H

ij��Ïª«fØ»¨��ÈÉÊ¤»!ÂZ��[�Ï¡ÌLTÕÖ¤

A*�½I»	=��»	=�
»	=�Ù»	=�V�i»	=�Ø»

NO­»!	=ÚÛÅÆr�2K¾ÆÜª«§�)9¨  

:R¤J³b­[ÏØ»t�Ý�yQ¿¤P���y>��¾�+Þ

U�ª«0ß¨à4ËD�>¼2¿6"	%¨  

Ð�µ2¿6"��Õ�á��  

1.  Æâã£±�Q�  

2.  
�s;<�8#  

3.   £?{6"8#  

¾|
�ä£�Ñ¨  

àR¤åÐlæMÙ»	=­2¿ç�[¡Ìvç�]¤P1��·

�M`a¤¾+)ÊW��£¨  

Á2¿�+M²¿�Ñ¤��<�±°�G|×�±°�G¤:R)

E}��ëc�¶±ì6"¾|Ð�¯ä3�Ä²¥Õ¤à~2¿�íî

ä�ï±ì8#Xu¾�+���'(Ç�¨  

 

3.8 Ø»NO  

3.8.1 Bð|q�  



U*

Ø»NOBð|q�1è,_»!de­ÂZñê¤Pò7óCs�

�¾�ô
�õ¸¨  

1.  Ø»åäöé¹Sä÷¸ø�åqù©ú£kû¸q�¤Ë®�Þ

UcO	O¹Sä÷ün¨  

2.  �å�W0í�ý	���µí¾|¡��iåü�­hc¤[/

£¹Sä÷¸ø�å;|ün¨  

3.  Ø»NOt	OwºþZ��»�¨  

4.  Ø»NOË®ú£ñêñÜ�­¾$�q�¨  

5YÔ¦  

1.  Ø»å�/£¹Sä÷¸øzün��å;¤©ú£kû¸åq¤�1

i´¹Sä÷¸ün¤¾oplõ4�c¨  

 L¼�ý��l�lKÏ�í|�B�Må�L�hc­lõ4;wPÉ

!�clÀ¤¾|�r���­D�	=¤Q[/£k�õ¸å;¨  

å;��b¸.�å��å�<��å�W� PVC å� PE å¾|�å­¤

ä�Ý
 6öéUlÞ£�¨  

:O 75 mm¾$�Ø»å|
ün�ÂZñÜ1�Ýi»å��=.¨  

�Ý 1993 ���'lõ�#\!]['lõ¤1994 ��A'lõ¤¾| 1995

�5]R]hlõH½ç�¤È= 50 mm¾óØ»å��ëVm��¤gà

1�Ýså;_���öÜq��Þ£¸¾|ün;~­g~¤�ÜsÀ�

�lõ_� 6¨  

2.  �ÝõmH½¤i»å�m�ÈÉºå�W���6ï�ý�fý	�

��µí¤¾|¡�ü�|�6¡�­hc¨gà�$Ehciå4¤[

/£¹Sä÷ünf�¸ünP� �ÞUcO/�È¬¹Sä÷§£¨

*�iå¡>�ünë7Pú¹Sä÷å¢d¨  

�öé´Þ�Ø»åq|ün¤/1i´å�iO�Ñ¤¾×f>�lõð

v��c¨¡��å��0
t��õY¢¤¾£¤lõ�I¨  
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3. �����������	
���
���
���	��	
��

���
�������	��
����������������  

��!�	
���"��#$	!��%���&'�(��	
)��

�*	+,�-���  

4.  ./��0���1234567�89	�:;<23=>���?

.@<A� A�1B?C"D-� !"	E/�FG��##HI  

 

3.8.2 J$:'%�  

J$:'%�+&KEL'(M  

1.  J$�)*+,��:N5	+-OP.  

2.  Q�:R/�+&ST�UV/  

 

WXYZ  

1.  0���:12*3[4�\5]	!^_+`ab67	�c8J$�

6Q�:$d�ef�	9Dg:^J��;<�F=>?�	��V@

h�iV/A?��:"Q�:1BC6:j	!J��EL1Q�:T

�UVkDlO  

��:jJE�imn:^J��" T F:	!GH:op<q$J

��  

,r	IJJ$:'+KL 30 cmEs  

tM�	BC 75 mmEsQ�:J$�J#�uNoVOv��:A

?  
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(1) w<P:xQ  

(2) w<RSP:xQ  

(3) w<Ty PVC :xQ  

PVC

SUS316

PVC
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(4) w< PE :xQ  

 

 

 

 

 

 

 

(5) w<UVzRSP:xQ  
{ -3.8.1 ��:"Q�|�$dR7�>  

2.Q�:'WOl} 3.5.3 ��:'�X"~��1A?  

YYYY:'/��	+P��Z��[��E6\]�^	
R_`oVp<T�U

��R:' Y

YYYYQ�:"a����bc�+#d ef cmEs	E3[���##�g Y

YYYY:�$�V�h:j"$�A?�i��7� ��:'�	�P.:�hi

E6jBR�k Y

 

 

PE
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3.8.3 f�l"m��:  

f�l+n
ophi	!Dm��:"�lqVE��C�:��

�C�$�$d  

 

WXYZ  

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

 �!"#$%&'()*+,- 

    ./0��123456789���:;<=>5?@ABCDEFG9-HIJ

���KLMNOI
����PQRSTC�UD�VW- 

1995 rR��������	st b�u�v�|�f�l�1Q�

|�	q$�w��<Q��	�.x�Q��7G�y1��Q�|� 

��Clzf�lq$�$Q���  

 

 

 

 

 

 

 

 

 

 

 

 

{ -3.8.2 f�lm�T���:>  

 

Ol{|  

1.�}�&!*M�&�7�X�~��X	 1990 r  

³�KË  
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3.9x��@ ����&7�� 

3.9.1 	m7�  

x��@ ����&	m7�n��¡¢�/"G�z£ 

1. 7�� !#�+8�9¤¥9J¦§¨9©ª�«¬E���­�9��9

J0=>�¦�=t��¡� 

2. 7�� !�®¯�+°~�±�F¥F²��³	�b´¥7����µ>

�«n� !�'���³�±	mF²¶F=��· ®7��¸a¹17

��+WbXY¶0Zº��« !� 

3. ¨»�V)¼49J�½`�Q�¦u¾7���9�¿b�¶0Z>� 

4. ��=7��7�!À����³ÁÂÃ9�cÄ©ª¥¨99¤¥9Jµ>

§Á	�Å|&t��V)Æn�>7�¤Ç§f^�?�7���+|È,

rP9��*;�¤¥�h§��ÉÊRK�Ë7���È¼Ì¶Í;�H>� 

5. 7��IÈ�S½g�Î��Ï7� !+|`Ð9��Ä.��§�MÑ

Ä� 

6. ��³¦Ò�<ÓÔÕj=¶n�>Ö(¨×�8�ØÈ7���«n�Ö

(�Ù6D	��µ-�«C�¶:{Ú3Í� 

 

_�Û% 

1.7��n� !�#�+�¨9�Ü9J�9¤©ª�«¬E��aÝ�]¹ÕÞß¶

àáâã§9��9JäÄ��e&RK�«0Z>­��±a9J¬Eå�~æ1.4

94¬E¥9Jç����è�Ù9��9J0=>­�å�~æ1.4.3 é��e§êë

ìÄè§æ2.2í 9¯�Þ��îéB¶n�!��è¶F=�«� 

2.x��¥���&7��¦§Æï�Î&�·�±7����ð\"G�F§	mñò

 !¨×&F=�«n� !� 

1)7��§�±7�2 !��°\	m¨×�¦§�±�FF=�t'�a	m¨×

�yó�±�v¥F}¥®«i}¥�Ô¥	 A¶ôl§Ov�¦§	 A�µ=

«Lõç¶«LöNòj=¶æ	m«L�ÞöNT�U8è&�zF=�� !÷
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ø���u�ùú�¶�
� 

      p�û ���	m�E�$�³��¶T�U8���a�û7��}ü+W

«5�ý¶�E¨×� 

      '���Xa�d7����· ®¶÷�7�Æ;Xw��"�7�X���

Q
Æ¥þsMXY��qt0[o��&X¹���Þß÷�]¹XY�k���

YFD�Î7��½�· ®µ[¶��?�¨9�qÈx��¥âw�¥*��¥

���&7���t' !÷�¢��7�µ>��¢���7��¶��>��G

a�· ®�Æ;¹1>�H !÷+�/XY¶0Zº�� 

2)P@	mñòRjST�@n� !¶7� !F²�"G�GB��	 AO*�

CbaZP@¶F²� 

C�Þ !¨× 

C��ré�Þ !¨× 

C�C��ré�Þ!�¨× 

�ÇC��ré�Þ !¨× 

	m¨»�Þ !¨× 

���ré !®¯¨× 

3)�³	m¨×�F�7��¶ !U�ðÏ�Þ�����¶Æ;ÙÈÕ�?2�O

q¦�S����«�� !���³7���¤�R¥��Q�>6¥��6¦§

h>©.¾È¶�Ýn�!�&�«i= !� 

      k�8�Æ >* 60 ��¶7���+�³	m¨×�®«v� 81�¶iF

=��=Ï7� !ùú0Z� 

      �� !ù8��q��¶$FD9��( 7����>�¤²����|`

Ð 200 gal��;¦§�×Q��º�� 0.2 ¦÷¶©ª� 

      i= !ù8�7���Ëb���å|��¶YFD9���/'�7��2

�¤�Nh>©.�Ù½�37��2���	�¨ 2�×Q��º�F=+� 1.0

¦÷� 

      	m¨×�F=¶7�!�ì¡¢n-3.9.1Õl� 



U* 

n-3.9.1  7�!�ì¡n 

      �³£¤ 56 �	m¨×�v2¥¦n� !¨×�P@	mÊ�=§æ7��

2�ÞF=è�"G¶�1�zº�b��	F²� 

(1)9�� 

i)7��9÷�S29���+ð³7��2
Äµ>!��åG7��÷�2��

¹�c�¹¶¤�T
9Â���÷�
]¹��÷Á9Q�;¶9��º�Ù

��ÏÊ9��º�¢"Õl��	m¨×�®«v� 88 �� 

     0CARZC iti ⋅⋅⋅= …..….…………………………………...………….……..(3.9.1) 

 ÇÊ� iC £7��9÷�S��Q¶9��º� 

            Z£�Âº� 

                �³*�9���¥��¡;¥9�cÄ©ª¦§Ï�9�µ>Õ=� 

                Ï��� 1.0 � 0.7 ¶��	 Aôl� 1793 ��� 

           * tR £
Äµ>º� 

í í              l7��
Äµ>�º�³7���!
Ä�"§9J���#N  

                	 Aj§¶U�!�%��	Aôl� 1793 ��� 

          ** iA £9��S&º� 

��������	

���������
���
�������������
�

�������������
�������������

�������������

��

 !"#$�%&'(�))*+
,-./01#
2���	34
5678"#29:;� !"#$�<

�=>�?@ABC8
�DE%&FGHI
'(�)�*8�+

JKLMN8%&
'(�)�*8�+

DO

��PQ/RS
8%&
'TSU/VWU
+
'(�)�*8�+

XYZP[1\#8%&
'(�)�*8�+

]
^
?
%

_
`
?
%
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                 	�¶
Äµ>�9��S&º�ù'7��Æ;�e�Ï�åG	 

                  Aj=¶U�!�%��	 Aôl� 1793 ��� 

            0C £�×��º� 

                 �×��º��d� 0.2 ¦÷���u¾�Ýn��¶)ª"��× 

                 ��º��� 1.0 ¦÷� 

            * tR ½7��2
Äµ>º��ù�³ -3.9.1=§�!Ùt7���9J 

               *R¿b�9��ü+�¦��7��+��HÏ�ò¦ 0.75 ,-.� 

 

 -3.9.1  
Äµ>º� tR �	 Aôl� 1793 �� 

T 2²�( s ) tR  

cTT <  1=tR  

cc TTT 2<≤  2)1/(2.01 −−= ct TTR  

TTc ≤2  tTR ct /6.1=  

  ÷ Ê�T £�³"Ç!�¶7�� !b�=�!
Ä�"(s) 

          )01.002.0( α+= hT  

  ÇÊ� h£7��2Æ;�m� 

        α £Êþ§/2Y�S½0Þ7��ÚC�Þw�Q	��9"1��� 

            2Æ;2¤� h¶4� 

        cT £�³7��¨» ��IËb�>Í¶¨5�}½Á5¶�7�¶9 

            J���E8 -3.9.2�å%�� 

      ** iA £9��S&º��å�³"Ç!��7��
Äµ>�ð³¬EÚ9 

            :7;<=�ú}Ï��� 1.0¦"� 

        
T

T
A i

i

i 31

21
1

+
⋅










−+= α

α
 

  ÇÊ� iα £7��?÷�S¶��¹�c�¹¶2¤��A9J�?÷Q¶�� 

            ¹�c�¹¶2¤�T
9Â��÷�
]¹�EF¶4�� 

        T £7�� !b¶�=�!
Ä�"� s��¢�	� 
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 -3.9.2í 9J2µ>º�� cT � 

9J�� 9JIß�µ> cT �� s� 

 

�J�9J 

GKJ¥L4MOQ&Iß�QU¦�½�29Q�Ú�³

¬E§9:27;Vl9J�"��F� 

 

0.4 

�W�9J �¸a�J�9J��X�9J¦�¶9J� 0.6 

 

 

�X�9J 

Y�SGY Zé¥\]é�ß¶^�Q�@_`9���;

Ya� 30��¦÷Fbcd¥e f &�;a 3��¦÷Fb

a 30 �g 9bÚ�³¬E§9:7;Vl9J�"��

÷	F� 

 

 

0.8 

 

 

 

 

 

 

 

 

n-3.9.2í 
Äµ>º�� tR � 

 

 

 

 

 

 

 

 

 

n-3.9.3í 9��S&º�� iA � 

1 T(s)

Ai = 1

i 

1 (S)
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ii) 7��9"�S¶¿b9��º¦Á�S¶��¹�c�¹¶¤�÷�Ý�;

º��'�9��7��
Äµ>È±� 

     Z
H

K 




 −≥

40
11.0 ………………………………………………………..�3.9.2� 

  ÇÊ�K £�Ý�;º� 

        H £7��9"�S�¨JM¶�;�>* 20 mF¦ 20 m!���m� 

         Z£�Âº��¢�	� 

iii) !�9�����µ-k8�k§lm2�ÎÚ�� o&�«­p�qÏk§

lm¶�Î��µs©ª��I�Ý�;º�Ya 1.0 �}Èü1�9���«­

p��	 Aôl� 1101 ��£¤ 56 �� 

(2)�� ! 

      �� !�ù( 7��`ÐÊ&FD9��Ï+�t��>�;��OqW

b�S���<=sM� 

      ¿b�÷�7�¶9���ºð³7���Þ¥9J©ª¥Á9*���¥9

�cÄ©ª§9�uÄUë�¦§Ï�9�µ>&t��¦�/�¦"F=��

9��!�U�� 

  v�Q9�� 

      ¿b�7��÷�7��Q¶9���7� 
Äµ>È±�º¦7��÷�

��¹�c�¹¶¤�ü1��÷�
]¹��÷�Q9��º� iC � 

      ∑=
n

i
iii WCQ ……………………………………………………………….�3.9.3� 

      0CARZC iti ⋅⋅⋅=  

  ÇÊ� iQ £7��9÷� iQ¶9�� 

     ∑
n

i
iW £7��9÷� iQ¦÷2]¹ 
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