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Wind Velocity
(m/sec) Fa.-1 Fa.-2 Fa.-3 Vi.-1 Vi.-2 Vi.-3

Wind-force class by Beaufort
Wind-force

Class
Wind
Name

Wind Condition/Appearance
Interview

0

1

2

3

11

4

5

6

7

light air
Wind is recognized by the smoke rising
up sidling but the vane does not move.

0.3～1.5

12

8

9

10

light
breeze

Wind is felt on the man's face. Leaves
move. The vane begins to move.

1.6～3.3

gentle
breeze

Leaves and  thin twigs keep moving.
Banners  move.

3.4～5.5

moderate
breeze

Fugitive dust appears. Scrip rises up.
Twigs move.

5.5～7.9

fresh
breeze

Shrub with leaves begin to move. Water
surfaces of ponds have wave crests.

8.0～10.7 ○ ○ ○ ○ ○ ○

strong
breeze

Big branches of trees move. Wind
howls around electric cables. Hard to
keep an umbrella open.

10.7～13.8

near gale
Trees sway from the top to the foot.
Hard to walk against the wind.

13.9～17.1

gale
Twigs break off. Not able to walk
against the wind.

17.2～20.7

strong
gale

Some of houses get damaged. Chimeys
get broken and roof tiles are blown off.

20.8～24.4

storm
Trees fall down by the root. Many
houses get strongly damaged.

24.5～28.4

violent
storm

Environments, natural or artificial, are
distroyed widely. Occurrence is rare.

28.5～32.7

hurricane >32.8

calm
Smoke rises up streight form the
chimney.

0.0～0.2

Wind velocity ; mean wind velocity at the height of 10m above the ground.
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H1/3=0.85                      0～1 % (KD=3.2)                                   
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 (4/3)×3.14×r3×2.3=0.057  

                     ≒2r=0.36 0.40   

cot1
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         6-5-6.6                 KD          

Damage percentage KD

0～1 % 3.2
1～5 % 5.1
5～15 % 7.2
10～20 % 9.5
15～40 % 12.8
30～60 % 15.9

(by Hudson, 3 layers of slightly rounded rocks)

5.310.1
3.22.3

85.03.2
3

3
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              (4.5 US$/ 2)           (8.6 US$/ 2)       (9.8 US$/ 2) 

Slope
Wave action Wave action Wave action Wave action

Protection work hard not hard not hard hard
Rock rip rap work not work work not work work not work work not work
Cobble-gravel rip rap not work work work work work work not work work
Soil-cement work work work work work work work work

Cobble-gravel rip rap
(due to economy)

Soil-cement Soil-cementAdoption
Cobble-gravel rip rap

(due to economy)

North slope

Freezing-
thawing

South slope

Freezing-
thawing

Dam No.1

Freezing-
thawing

Dam No.2

Freezing-
thawing
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1 1.1 Е1-1610 Excavation by bulldozer 96Kvt or
130 hourse-power, replacing
excavated soil up to 10m, soil
grade I

1000m3 0.0472 57,070 57,070 2,694

2 1.1 Е1-1617 Additional 50m replacment by
bulldozer 96Kvt or 130 hourse-
power, soil grade I

1000m3 0.0472 252,739 252,739 11,929

3 1.2 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 0.0472 6,362 157,948 164,310 7,755

4 1.3 С310-1-1 Transportation of soil up to 1 km ton 40 734 734 29,438

5 2.1 Е1-1563 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil III

1000m3 0.566 9,720 240,917 250,637 141,861

6 2.2 С310-1-1 Transportation of soil up to 1 km ton 283 734 734 207,653

7 2.3 331430 Work of sieving machine machine/
hour

6.90 4,757 4,757 32,817

8 2.4 Е1-1563 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil III

1000m3 0.3 9,720 240,917 250,637 75,191

9 2.5 С310-2-1 Transportation of clay-sandy soil
up to 2 km

ton 585 897 897 524,637

10 2.6+2.7 Е36-5 Construction of  upper part of the
dam core and screen, any soils
except rocks,  Compactor
capacity-heavy

1000m3 0.3 33,186 337,257 370,442 111,133

11 3.1 Е1-1610 Excavation by bulldozer 96Kvt or
130 hourse-power, replacing
excavated soil up to 10m, soil
grade I

1000m3 57,070 57,070

12 3.1 Е1-1617 Additional 50m replacment by
bulldozer 96Kvt or 130 hourse-
power, soil grade I

1000m3 252,739 252,739

13 3.2 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 6,362 157,948 164,310

14 3.3 С310-1-1 Transportation of soil up to 1 km ton 734 734

15 4.1 Е1-1563 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil III

1000m3 0.5 9,720 240,917 250,637 125,319

16 4.2 С310-1-1 Transportation of soil up to 1 km ton 975 734 734 715,413

17 4.3 Work of sieving machine machine/
hour

4,757 4,757

18 4.4 Е1-1563 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil III

1000m3 9,720 240,917 250,637

19 4.5 С310-2-1 Transportation of clay-sandy soil
up to 2 km

ton 897 897

20 4.6+4.7 Е36-5 Construction of  upper part of the
dam core and screen, any soils
except rocks,  Compactor
capacity-heavy

1000m3 0.5 33,186 337,257 370,442 185,221

Total  2,171,061
4,511 US$
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Material

unit  price,
AM drams

Overall price for

init ial unit  of work,
AM drams

1 1.1 Е1-1610 Excavation by bulldozer 96Kvt or
130 hourse-power, replacing
excavated soil up to 10m, soil
grade I

1000m3 0.0944 57,070 57,070 5,387

2 1.1 Е1-1617 Additional 50m replacment by
bulldozer 96Kvt or 130 hourse-
power, soil grade I

1000m3 0.0472 252,739 252,739 11,929

3 1.2 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 0.0472 6,362 157,948 164,310 7,755

4 1.3 С310-1-1 Transportation of soil up to 1 km ton 40 734 734 29,438

5 2.1 Е1-1563 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil III

1000m3 0.583333 9,720 240,917 250,637 146,205

6 2.2 С310-1-1 Transportation of soil up to 1 km ton 569 734 734 417,325

7 2.3 331430 Work of sieving machine machine/
hour

7.11 4,757 4,757 33,822

8 2.4 Е1-1563 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil III

1000m3 0.35 9,720 240,917 250,637 87,723

9 2.5 С310-2-1 Transportation of clay-sandy soil
up to 2 km

ton 683 897 897 612,076

10 2.6+2.7 Е36-5 Construction of  upper part of the
dam core and screen, any soils
except rocks,  Compactor
capacity-heavy

1000m3 0.35 33,186 337,257 m3 100 370,442 129,655

11 3.1 Е1-1610 Excavation by bulldozer 96Kvt or
130 hourse-power, replacing
excavated soil up to 10m, soil
grade I

1000m3 0.0499 57,070 57,070 2,848

12 3.1 Е1-1617 Additional 50m replacment by
bulldozer 96Kvt or 130 hourse-
power, soil grade I

1000m3 0.0499 252,739 252,739 12,612

13 3.2 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 0.0499 6,362 157,948 164,310 8,199

14 3.3 С310-1-1 Transportation of soil up to 1 km ton 42 734 734 31,122

15 4.1 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 0.5625 6,362 157,948 164,310 92,425

16 4.2 С310-1-1 Transportation of soil up to 1 km ton 478 734 734 350,828

17 4.3 331430 Work of mixing machine machine/
hour

1.91 8,787 8,787 16,806

18 4.4 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 0.45 6,362 157,948 164,310 73,940

19 4.5 Market Cement price with transportation ton 36 ton 1 41,667 47,542 47,542 1,711,500

20 4.7 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 0.45 6,362 157,948 164,310 73,940

21 4.9+4.1 Е27-5-1
x 3 layers

Soil-Cement Mixture spreading,
compacting, curing, Pabble -
crushed stone - sandy fine soil,
Layer thickness 150mm

100m2 10 7,364 21,605 28,969 289,687

Total  4,145,221
including    8,613 US$
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Mater
ial

unit
price,
AM

drams

1 1.1 Е1-1610 Excavation by bulldozer 96Kvt or
130 hourse-power, replacing
excavated soil up to 10m, soil
grade I

1000m3 0.0472 57,070 57,070 2,694

2 1.1 Е1-1617 Additional 50m replacment by
bulldozer 96Kvt or 130 hourse-
power, soil grade I

1000m3 0.0472 252,739 252,739 11,929

3 1.2 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 0.0472 6,362 157,948 164,310 7,755

4 1.3 С310-1-1 Transportation of soil up to 1 km ton 40 734 734 29,438

5 2.1 Е1-1563 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil III

1000m3 0.833 9,720 240,917 250,637 208,781

6 2.2 С310-1-1 Transportation of soil up to 1 km ton 708 734 734 519,537

7 2.3 331430 Work of sieving machine machine/
hour

8.85 4,757 4,757 42,106

8 2.4 Е1-1563 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil III

1000m3 0.5 9,720 240,917 250,637 125,319

9 2.5 С310-2-1 Transportation of clay-sandy soil
up to 2 km

ton 850 897 897 762,292

10 2.6+2.7 Е36-5 Construction of  upper part of the
dam core and screen, any soils
except rocks,  Compactor
capacity-heavy

1000m3 0.5 33,186 337,257 Water m3 100 370,442 185,221

11 3.1 Е1-1610 Excavation by bulldozer 96Kvt or
130 hourse-power, replacing
excavated soil up to 10m, soil
grade I

1000m3 0.0425 57,070 57,070 2,425

12 3.1 Е1-1617 Additional 50m replacment by
bulldozer 96Kvt or 130 hourse-
power, soil grade I

1000m3 0.0425 252,739 252,739 10,741

13 3.2 Е1-1561 Excavtion by excavator on crawler,
bucket capacity 2,5 - 3m3, loading
excavated soil to dump track, grade
of soil I

1000m3 0.0425 6,362 157,948 164,310 6,983

14 3.3 С310-1-1 Transportation of soil up to 1 km ton 37 734 734 27,287

15 4.1 Е3-106 Loosening of V grade soil by
blasting with blasthole charges
using rotary-percussion drilling
machin, hummer dimameter
105mm

100m3 2 9,229 37,775 Drilling
crowns

item 0.09 3,120 99,322 158,915

16 4.2 60234+140
551

Hydro-Hummer work , which is
attached to excavator

machine/
hour

0.48 17,312 17,312 8,310

17 4.3 Е1-1541 Excavtion by excavator on crawler
or wheeled, bucket capacity  0,8-
1m3, dumping excavated soil a
side, grade of soil V

1000m3 0.8 12,783 560,917 573,700 458,960

18 4.4 С310-5-1 Transportation of clay-sandy soil
up to 5 km

ton 1,440 1,359 1,359 1,956,686

19 4.5 Е38-1 Rockfill in dam body, Thickness of
layer  under 1m

1000m3 0.8 13,235 225,454 Water m3 300 238,689 190,951

Total  4,716,331
9,800 US$
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(3)                                                     

( )                                      

                                                                       
           

         Hfr=Hf+hw+hc+1 (hw+hc<1.0, Hfr=Hf+2.0        ) 

        Hfr;                                                     

        Hf ;                                                    
             ・・・Hf=E.L. 1,305.0   (             ) 

        hw ;                                                    

    hc ;                                          

*                              ,                                  
                                                                   : 

( )                                                      

                                                                       
                                                     «Wave Run-up and Wave 

     6-5-6.8                                      
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Overtopping at Dikes, 1995»  

                    Ru2%/H1/3=1.6γbγfγβξop 
 ξop=tanα/(sop)1/2 

                     ξop<1.5      ・・・Ru2%/H1/3=0.88ξop 
       ξop>1.5       ・・・Ru2%/H1/3=1.1(ξop)0.46 

        

 Ru2% ;                                                      
 H1/3 ;                              (H1/3 =0.85                                
                     ) 
 ξop ;                    
 γb  ;                         (                   , γb=1.0) 
 γf  ;                                           (                  , γf =1.0) 
 γβ;                                            (                        , 
γβ=1.0) 
α ;                (    , tanα=1/3.5) 
sop ;                  (1/3-                                        :       

                                   sop, 1/7  ) 

        ,                     ξop=tanα/(sop)1/2=(1/3.5)/(1/7 )1/2=0.76 

 Ru2%=1.6γbγfγβξop H1/3=1.6×1.0×1.0×1.0×0.76×0.85=1.03   

                          Ru2%=0.88ξop H1/3=0.88×0.76×0.85=0.57   

( )                                        

                                                                          

                        
02

1
Hg

k
hc

 

        hc ;                                        ( ) 
        k ;                  (    , k=0.12) 
        τ;                       (                      τ=1.0          ) 
   H0 ;                                                       (H0=16  ) 
  g ;                       (g=9.8  / 2) 

          
02

1
Hg

k
hc

= 0.168.9
14.3

0.112.0

2

1
=0.24   

( )                                                    

                      hw+hc=1.03+0.24=1.27>1.0 
                          Hfr=Hf+hw+hc+1=E.L.1,305.0+1.03+0.24+1=EL.1,307.27   

                           hw+hc=0.57+0.24=0.81<1.0 
 Hfr=Hf+2.0= E.L.1,305.00+2.0=E.L.1,307.00   

[       N1] 

                                                         N1-        
              :                                                             
            ,                                                          ,    
                                  ,                           
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[       N2] 

        -                                                          
N2-        ,                                     :          , E.L.1,307.00        
                                              :  

(4)                                      

                                                                      
                                                                     
                           :   

                                                =                        
             +                                            : 

= E.L. 1,307.0 + 0.55 
= EL. 1,307.55 

(5)                                     

1)                                

                       (                   )                        
                :                                             ,      
                                       ,          ,                            
                                :      ,                         
                                     1-           2-                  
                     : 

               1-                            ,              
                                   ,                         (          
     )                                                :             ,        
2-                           ,                                             
                                  :   

 

 

 

F.W.S.=EL. 1,305.00

                     . 

     6-5-6.9         N1-                                 

                     =EL. 1,307.00 
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                  (       )             
               ,                          50%   
      ,                           6-5-6.11-   : 
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