
APPENDIX A-7 

Structural Calculation of Pile Foundation

A-7-1. Structural calculation of pile foundation for Bahr Yusef regulator -------- A-280 

A-7-2. Structural calculation of pile foundation for ibrahimia regulator ----------- A-293 



A-7-1. Structural calculation of pile foundation for Bahr Yusef regulator 



  
 
 

Structure Nos. of piles dia. Length of piles  note 

Bahr Yusef reg. 8x9=72 1,000mm 13.5m Cast in-place concrete pile 
 

 

A-281



(Bahr Yusef Regulator)

1. Load data 

    (1) Weir axis direction 

No Load case 
Extra 

coefficient 
Design 
condition 

Vertical
force 

Horizontal
force Bending moment 

    (kN) (kN) (kN m) 
 1 Normal 1.00Normal 90408.54 724.42 8136.77 

 2 Normal 1.00Normal 88729.08 1777.68 17745.82 

 3 Normal 1.00Normal 134758.39 2506.86 16171.01 

 4 Seismic 1.15Seismic 87525.54 14202.59 68269.92 

 5 Seismic 1.15Seismic 85846.08 11091.17 52366.11 

 6 Seismic 1.15Seismic 131875.39 10550.03 50112.65 

    (2) Weir axis right angle direction 

No Load case 
Extra 

coefficient 
Design 
condition 

Vertical
force 

Horizontal
force Bending moment 

    (kN) (kN) (kN m) 

 1 Normal 1.00Normal 91358.69 883.93 -43852.17 

 2 Normal 1.00Normal 88729.08 14388.83 -53237.45

 3 Normal 1.00Normal 134758.39 987.46 -40427.52 

 4 Seismic 1.15Seismic 85846.08 25761.42 -12876.91 

 5 Seismic 1.15Seismic 131875.39 10550.03 0.00 

 6 Seismic 1.15Seismic 89965.54 10909.75 -6297.59 

 7 Normal 1.00Normal 80093.13 2811.86 79292.20 

2. Pile arrangement 

3.Ground spring 

3-1.Pile spring constant for pile axis direction 

         ,V Pile spring constant for pile axis direction (kN/m) 
           a  Correction coefficient 
                 In-place pile 
                 a = 0.031 (L/D) - 0.150 
                   = 0.031   ( 13.900 / 1.000 ) - 0.150 = 0.281 
           Ap Vertical sectional area of the pile (m2) 
           Ep Young s modulus of the pile (kN/m2) 
           L  Insertion length of the pile (m) 
           D  Pile diameter (m) 



3-2.Ground resistance coefficient for horizontal direction 

    Spring constant for pile axis right angle direction is calculated as following formula with considering multilayered ground; 

    (1) Calculation of the ground resistance coefficient for horizontal direction 

          
          kH   Ground resistance coefficient for horizontal direction (kN/m3) 
          kH0  Ground resistance coefficient for horizontal direction, which is equivalent to the plate lord test 

   value by the 0.3m diameter rigid disc (kN/m3) 

           BH   Conversion load width for the foundation (m) 

           D    Pile diameter (m) 
             Characteristic value of the foundation (m-1) 

             Coefficient for the estimation of ground resistance coefficient 
                    Normal  = 1 
           E0   Coefficient for the ground deformation (kN/m2) 
           EI  Bending rigidity of the foundation (kN m2) 

    (2) Calculation of the conversion road width BH 

         ,ey point on the calculation of BH,

          kH should be normal value when the calculating of BH.

          kH should be average value from the design ground surface to 1/  depth when the calculating of BH even 
            if the layer shift dipper. Calculation of kH of each layer should be used BH.  

          Pile diameter                     D              1.000 (m) 
          Young s modules                 E           25000000 (kN/m2) 
          Section secondary moment         I         0.04908739 (m4) 

         In assumption of  1/  = 3.636 (m)  = 0.27505 (m-1)
            Average E0 = 33737.5  (kN/m2) 

Calculation result of  is as follows, and this matches to the assumed . 

          Form the above, the conversion load width BH = 1.907 (m)  

    



    (3) Calculation of the ground resistance coefficient of each layer for horizontal direction 
          Pile diameter                D              1.000 (m) 
          Young s mo                 E           25000000 (kN/m2) 
          Section secondary moment     I         0.04908739 (m4) 

  

      1) Normal 

No 
Layer 

thickness E0 kH0 kH

(m) (kN/m2) (kN/m3) (kN/m3) 
1 0.200 19600.0 65333.3 16321.3
2 1.000 16800.0 56000.0 13989.7
3 1.000 36400.0 121333.3 30311.0
4 1.000 44800.0 149333.3 37305.8
5 1.000 47600.0 158666.7 39637.4
6 1.000 36400.0 121333.3 30311.0
7 1.000 19600.0 65333.3 16321.3
8 1.000 30800.0 102666.7 25647.7
9 1.000 30800.0 102666.7 25647.7
10 1.000 25200.0 84000.0 20984.5
11 1.000 70000.0 233333.3 58290.3
12 1.000 81200.0 270666.7 67616.8
13 1.000 117600.0 392000.0 97927.8
14 1.000 120400.0 401333.3 100259.4

15 0.200 168000.0 560000.0 139896.8

                        Characteristic   0.27505 (m-1) 

      2) Seismic 

No 
Layer 

thickness E0 kH0 kH

(m) (kN/m2) (kN/m3) (kN/m3) 
1 0.200 19600.0 130666.7 32642.6
2 1.000 16800.0 112000.0 27979.4
3 1.000 36400.0 242666.7 60621.9
4 1.000 44800.0 298666.7 74611.6
5 1.000 47600.0 317333.3 79274.9
6 1.000 36400.0 242666.7 60621.9
7 1.000 19600.0 130666.7 32642.6
8 1.000 30800.0 205333.3 51295.5
9 1.000 30800.0 205333.3 51295.5
10 1.000 25200.0 168000.0 41969.0
11 1.000 70000.0 466666.7 116580.7
12 1.000 81200.0 541333.3 135233.6
13 1.000 117600.0 784000.0 195855.5
14 1.000 120400.0 802666.7 200518.8
15 0.200 168000.0 1120000.0 279793.6

                        Characteristic   0.27505 (m-1) 



4. Calculation of the displacement and the resistance at pile head 

4-1.Calculation method 

    (1) Calculation formula 

        Calculation method by the displacement way is to set coordinates as following figure and to set the center of the piles group as 
 origin point 0. The external force acting to point 0 is set as following figure.  

       In this regard, displacement of the origin 0 is calculated from following equation with three unknowns. 
         Axx x + Axy y + Axa  = H0 

         Ayx x + Ayy y + Aya  = V0 

         Aax x + Aay y + Aaa  = M0 

       Each coefficient is calculated with the assumption of the footing bottom as flat. 
         Axx       =   (,1 cos2

i + ,V sin2
i) 

         Axy = Ayx =   (,V - ,1) sin i cos i 

         Axa = Aax =  { (,V - ,1) xi sin i cos i - ,2 cos i} 
         Ayy       =   (,V cos2

i + ,1 sin2
i) 

         Aya = Aay =  { (,V cos2
i + ,1 sin2

i) xi  + ,2 sin i}  
         Aaa       =  { (,V cos2

i + ,1 sin2
i) xi2 + (,2 + ,3) xi sin i + ,4} 

         
           H0  Horizontal load acting to the upper portion of footing bottom (kN) 
           V0  Vertical load acting to the upper portion of the footing bottom (kN) 
           M0  Moment of the external force around the origin 0 (kN m) 
           x Displacement of origin 0 for horizontal direction (m) 
           y Displacement of origin 0 for vertical direction (m) 
           Rotation angle of the footing (rad) 
           xi  X coordinate of the pile head at i(th) pile (m) 
           i Angle between pile axis and vertical axis at i(th) pile (degree) 

      From the result of displacement at footing origin point ( x , y , ), the force for pile axis direction PNi at pile head, the force for pil 
eaxis right angle direction PHi and moment Mti are formulated as following formula; 

         PNi =   ,V yi' 
         PHi =   ,1 xi' - ,2

         Mti = - ,3 xi' + ,4

         xi' = x cos i - ( y + xi) sin i 

         yi' = x sin i + ( y + xi) cos i 

          
           xi' Displacement of pile head at i(th) pile for pile axis right angle direction (m) 
           yi' Displacement of pile head at i(th) pile for pile axis direction (m) 
           ,V   Pile axis direction force occurring the displacement for pile axis direction at pile head(kN) 

(Pile sprig coefficient for pile axis direction) 
           ,1 ,2 ,3 ,4 Pile spring coefficient for pile axis right angle direction 
           xi   x coordinate at i(th) pile head(m) 
           i Angle degree between pile axis and vertical axis at i(th) pile (degree) 
           PNi  Pile axis direction force at i(th) pile (kN) 
           PHi  Pile axis right angle direction force at i(th) pile (kN) 
           Mti  Moment acting to the pile head at i(th) pile (kN m) 

      Vertical resistance at pile head (Vi) and horizontal resistance at pile head (Hi) are calculated as following formula; 
         Vi = PNi cos i - PHi sin i 

         Hi = PNi sin i + PHi cos i



    (2) Calculation of the pile spring coefficient 

      1) Normal 

       a) Pile conditions 

         Cast in-place concrete pile          1000.0 (mm)   L  = 13.400 (m) 
                                               ,V =  388889.3 (kN/m) 

       b) Pile spring coefficient for pile axis right angle direction 

          Pile head fixed connection 

No ,1 ,2 ,3 ,4

(kN/m) (kN/rad) (kN m/m) (kN m/rad) 

1 95155.0 191901.4 191901.4 693550.4

          Pile head hinge 

No ,1 ,2 ,3 ,4

(kN/m) (kN/rad) (kN m/m) (kN m/rad) 
1 42057.0 0.0 0.0 0.0

      2) Seismic 

       a) Pile conditions 

         Cast in-place concrete pile          1000.0 (mm)    L  = 13.400 (m) 
                                               ,V = 388889.3 (kN/m) 

       b) Pile spring coefficient for pile axis right angle direction 

          Pile head fixed connection 

          Pile head fixed connection 

No ,1 ,2 ,3 ,4

(kN/m) (kN/rad) (kN m/m) (kN m/rad) 

1 153954.8 268258.2 268258.2 827146.1

          Pile head hinge 

No ,1 ,2 ,3 ,4

(kN/m) (kN/rad) (kN m/m) (kN m/rad) 
1 66953.9 0.0 0.0 0.0

           ,1 ,3 Pile axis right angle direction force (kN/m) and bending moment (kN m/m), that should be acted  to the pile head 
in order to displace the pile head for unit quantity without rotation. 

           ,2 ,4 Pile axis right angle direction force (kN/m) and bending moment (kN m/m), that should be acted  to the pile head 
in order to rotate the pile head for unit quantity without displacement. 

     (3) Rigidity matrix (fixed) 

      1) Weir axis direction 

       a) Normal 

          Pile head rigid connection 

          Pile head hinge 

 b) Seismic 

          Pile head rigid connection 

          Pile head hinge 



     2) Weir axis right angle direction 

       a) Normal 

          Pile head rigid connection 

          Pile head hinge 

b) Seismic 

          Pile head rigid connection 

          Pile head hinge 



4-2.Pile head displacement and pile head resistance 

    (1) Weir axis direction 

      1) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   90408.54  (kN)                   x =    0.112       (mm) 
            H0 =     724.42  (kN)                   y =    3.229       (mm) 
            M0 =    8136.77  (kN m)                   =   0.00304 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.400 8 -0.0 1236.30 10.06 -19.36 1236.30 10.06
2 -12.300 8 -0.0 1241.15 10.06 -19.36 1241.15 10.06
3 -8.200 8 -0.0 1245.99 10.06 -19.36 1245.99 10.06 
4 -4.100 8 -0.0 1250.83 10.06 -19.36 1250.83 10.06 
5 0.000 8 -0.0 1255.67 10.06 -19.36 1255.67 10.06 
6 4.100 8 -0.0 1260.52 10.06 -19.36 1260.52 10.06 
7 8.200 8 -0.0 1265.36 10.06 -19.36 1265.36 10.06 
8 12.300 8 -0.0 1270.20 10.06 -19.36 1270.20 10.06 
9 16.400 8 -0.0 1275.05 10.06 -19.36 1275.05 10.06 

          max  =     0.112 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1275.05 (kN)    Ra  =    1993.31 (kN)    O, 
          PNmin  =   1236.30 (kN)    Pa  =    -920.98 (kN)    O, 

      2) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   88729.08  (kN)                   x =    0.273       (mm) 
            H0 =    1777.68  (kN)                   y =    3.169       (mm) 
            M0 =   17745.82  (kN m)                   =   0.00675 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 

          max  =     0.273 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1275.40 (kN)    Ra  =    1993.31 (kN)    O, 
          PNmin  =   1189.30 (kN)    Pa  =    -920.98 (kN)    O, 

      3) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =  134758.39  (kN)                   x =    0.379       (mm) 
            H0 =    2506.86  (kN)                   y =    4.813       (mm) 
            M0 =   16171.01  (kN m)                   =   0.00672 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.400 8 -0.0 1189.30 24.69 -47.72 1189.30 24.69
2 -12.300 8 -0.0 1200.06 24.69 -47.72 1200.06 24.69
3 -8.200 8 -0.0 1210.82 24.69 -47.72 1210.82 24.69 
4 -4.100 8 -0.0 1221.59 24.69 -47.72 1221.59 24.69 
5 0.000 8 -0.0 1232.35 24.69 -47.72 1232.35 24.69 
6 4.100 8 -0.0 1243.11 24.69 -47.72 1243.11 24.69 
7 8.200 8 -0.0 1253.87 24.69 -47.72 1253.87 24.69 
8 12.300 8 -0.0 1264.64 24.69 -47.72 1264.64 24.69 
9 16.400 8 -0.0 1275.40 24.69 -47.72 1275.40 24.69 



          max  =     0.379 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1914.49 (kN)    Ra  =    1993.31 (kN)    O, 
          PNmin  =   1828.80 (kN)    Pa  =    -920.98 (kN)    O, 

      4) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   87525.54  (kN)                   x =    1.497       (mm) 
            H0 =   14202.59  (kN)                   y =    3.517       (mm) 
            M0 =   68269.92  (kN m)                  =   0.03197 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.400 8 -0.0 1028.12 197.26 -333.14 1028.12 197.26

2 -12.300 8 -0.0 1075.00 197.26 -333.14 1075.00 197.26

3 -8.200 8 -0.0 1121.88 197.26 -333.14 1121.88 197.26

4 -4.100 8 -0.0 1168.75 197.26 -333.14 1168.75 197.26

5 0.000 8 -0.0 1215.63 197.26 -333.14 1215.63 197.26

6 4.100 8 -0.0 1262.51 197.26 -333.14 1262.51 197.26

7 8.200 8 -0.0 1309.39 197.26 -333.14 1309.39 197.26

8 12.300 8 -0.0 1356.27 197.26 -333.14 1356.27 197.26

9 16.400 8 -0.0 1403.14 197.26 -333.14 1403.14 197.26

          max  =     1.333 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1403.14 (kN)    Ra  =    3018.01 (kN)    O, 
          PNmin  =   1028.12 (kN)    Pa  =   -1676.01 (kN)    O, 

      5) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   85846.08  (kN)                   x =    1.040       (mm) 
            H0 =   11091.17  (kN)                   y =    3.066       (mm) 
            M0 =   52366.11  (kN m)                  =   0.02266 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.400 8 -0.0 1047.78 154.04 -260.26 1047.78 154.04

2 -12.300 8 -0.0 1083.91 154.04 -260.26 1083.91 154.04

3 -8.200 8 -0.0 1120.05 154.04 -260.26 1120.05 154.04

4 -4.100 8 -0.0 1156.18 154.04 -260.26 1156.18 154.04

5 0.000 8 -0.0 1192.31 154.04 -260.26 1192.31 154.04

6 4.100 8 -0.0 1228.44 154.04 -260.26 1228.44 154.04

7 8.200 8 -0.0 1264.57 154.04 -260.26 1264.57 154.04

8 12.300 8 -0.0 1300.70 154.04 -260.26 1300.70 154.04

9 16.400 8 -0.0 1336.83 154.04 -260.26 1336.83 154.04

          max  =     1.040 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1336.83 (kN)    Ra  =    3018.01 (kN)    O, 
          PNmin  =   1047.78 (kN)    Pa  =   -1676.01 (kN)    O, 

      6) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =  131875.39  (kN)                   x =    0.989       (mm) 
            H0 =   10550.03  (kN)                   y =    4.710       (mm) 
            M0 =   50112.65  (kN m)                  =   0.02165 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.400 8 -0.0 1693.52 146.53 -247.53 1693.52 146.53

2 -12.300 8 -0.0 1728.04 146.53 -247.53 1728.04 146.53

3 -8.200 8 -0.0 1762.56 146.53 -247.53 1762.56 146.53

4 -4.100 8 -0.0 1797.08 146.53 -247.53 1797.08 146.53

5 0.000 8 -0.0 1831.60 146.53 -247.53 1831.60 146.53

6 4.100 8 -0.0 1866.12 146.53 -247.53 1866.12 146.53

7 8.200 8 -0.0 1900.64 146.53 -247.53 1900.64 146.53

8 12.300 8 -0.0 1935.16 146.53 -247.53 1935.16 146.53

9 16.400 8 -0.0 1969.68 146.53 -247.53 1969.68 146.53



          max  =     0.989 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1969.68 (kN)    Ra  =    3018.01 (kN)    O, 
          PNmin  =   1693.52 (kN)    Pa  =   -1676.01 (kN)    O, 

    (2) Weir axis right angle direction 

1) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   91358.69  (kN)                   x =    0.073       (mm) 
            H0 =     883.93  (kN)                   y =    3.263       (mm) 
            M0 =  -43852.17  (kN m)                  =  -0.02754 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.200 9 -0.0 1388.84 12.28 -33.20 1388.84 12.28

2 -8.000 9 -0.0 1354.56 12.28 -33.20 1354.56 12.28

3 -4.800 9 -0.0 1320.29 12.28 -33.20 1320.29 12.28

4 -1.600 9 -0.0 1286.01 12.28 -33.20 1286.01 12.28

5 1.600 9 -0.0 1251.73 12.28 -33.20 1251.73 12.28

6 4.800 9 -0.0 1217.45 12.28 -33.20 1217.45 12.28

7 8.000 9 -0.0 1183.18 12.28 -33.20 1183.18 12.28

8 11.200 9 -0.0 1148.90 12.28 -33.20 1148.90 12.28

          max  =     0.073 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1388.84 (kN)    Ra  =    1993.31 (kN)    O, 
          PNmin  =   1148.90 (kN)    Pa  =    -920.98 (kN)    O, 

       
2) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   88729.08  (kN)                   x =    2.068       (mm) 
            H0 =   14388.83  (kN)                   y =    3.169       (mm) 
            M0 =  -53237.45  (kN m)                  =  -0.01586 10

-3
 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.200 9 -0.0 1301.41 199.84 -407.89 1301.41 199.84

2 -8.000 9 -0.0 1281.68 199.84 -407.89 1281.68 199.84

3 -4.800 9 -0.0 1261.95 199.84 -407.89 1261.95 199.84

4 -1.600 9 -0.0 1242.21 199.84 -407.89 1242.21 199.84

5 1.600 9 -0.0 1222.48 199.84 -407.89 1222.48 199.84

6 4.800 9 -0.0 1202.75 199.84 -407.89 1202.75 199.84

7 8.000 9 -0.0 1183.02 199.84 -407.89 1183.02 199.84

8 11.200 9 -0.0 1163.28 199.84 -407.89 1163.28 199.84

          max  =     2.068 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1301.41 (kN)    Ra  =    1993.31 (kN)    O, 
          PNmin  =   1163.28 (kN)    Pa  =    -920.98 (kN)    O, 

       

3) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement    (Stability analysis case3) 
            V0 =  134758.39  (kN)                   x =    0.093       (mm) 
            H0 =     987.46  (kN)                   y =    4.813       (mm) 
            M0 =  -40427.52  (kN m)                  =  -0.02517 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.200 9 -0.0 1981.25 13.71 -35.37 1981.25 13.71

2 -8.000 9 -0.0 1949.94 13.71 -35.37 1949.94 13.71

3 -4.800 9 -0.0 1918.62 13.71 -35.37 1918.62 13.71

4 -1.600 9 -0.0 1887.30 13.71 -35.37 1887.30 13.71

5 1.600 9 -0.0 1855.99 13.71 -35.37 1855.99 13.71



6 4.800 9 -0.0 1824.67 13.71 -35.37 1824.67 13.71

7 8.000 9 -0.0 1793.35 13.71 -35.37 1793.35 13.71

8 11.200 9 -0.0 1762.04 13.71 -35.37 1762.04 13.71

          max  =     0.093 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1981.25 (kN)    Ra  =    1993.31 (kN)    O, 
          PNmin  =   1762.04 (kN)    Pa  =    -920.98 (kN)    O, 

       
4) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   85846.08  (kN)                   x =    2.360       (mm) 
            H0 =   25761.42  (kN)                   y =    3.066       (mm) 
            M0 =  -12876.91  (kN m)                  =   0.02091 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.200 9 -0.0 1101.25 357.80 -615.92 1101.25 357.80

2 -8.000 9 -0.0 1127.27 357.80 -615.92 1127.27 357.80

3 -4.800 9 -0.0 1153.28 357.80 -615.92 1153.28 357.80

4 -1.600 9 -0.0 1179.30 357.80 -615.92 1179.30 357.80

5 1.600 9 -0.0 1205.31 357.80 -615.92 1205.31 357.80

6 4.800 9 -0.0 1231.33 357.80 -615.92 1231.33 357.80

7 8.000 9 -0.0 1257.35 357.80 -615.92 1257.35 357.80

8 11.200 9 -0.0 1283.36 357.80 -615.92 1283.36 357.80

          max  =     2.360 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1283.36 (kN)    Ra  =    3018.01 (kN)    O, 
          PNmin  =   1101.25 (kN)    Pa  =   -1676.01 (kN)    O, 

       

5) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =  131875.39  (kN)                   x =    0.973       (mm) 
            H0 =   10550.03  (kN)                   y =    4.710       (mm) 
            M0 =       0.00  (kN m)                  =   0.01201 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.200 9 -0.0 1779.31 146.53 -251.00 1779.31 146.53

2 -8.000 9 -0.0 1794.25 146.53 -251.00 1794.25 146.53

3 -4.800 9 -0.0 1809.19 146.53 -251.00 1809.19 146.53

4 -1.600 9 -0.0 1824.13 146.53 -251.00 1824.13 146.53

5 1.600 9 -0.0 1839.07 146.53 -251.00 1839.07 146.53

6 4.800 9 -0.0 1854.01 146.53 -251.00 1854.01 146.53

7 8.000 9 -0.0 1868.95 146.53 -251.00 1868.95 146.53

8 11.200 9 -0.0 1883.89 146.53 -251.00 1883.89 146.53

          max  =     0.973 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1883.89 (kN)    Ra  =    3018.01 (kN)    O, 
          PNmin  =   1779.31 (kN)    Pa  =   -1676.01 (kN)    O, 

       

6) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   89965.54  (kN)                   x =    0.999       (mm) 
            H0 =   10909.75  (kN)                   y =    3.213       (mm) 
            M0 =   -6297.59  (kN m)                  =   0.00830 10-3 (rad) 
          Acting force at pile head 

Pile xi 

Quanti
ties i PNi PHi Mti Vi Hi 

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 

1 -11.200 9 -0.0 1213.36 151.52 -261.04 1213.36 151.52

2 -8.000 9 -0.0 1223.69 151.52 -261.04 1223.69 151.52

3 -4.800 9 -0.0 1234.02 151.52 -261.04 1234.02 151.52

4 -1.600 9 -0.0 1244.36 151.52 -261.04 1244.36 151.52



5 1.600 9 -0.0 1254.69 151.52 -261.04 1254.69 151.52

6 4.800 9 -0.0 1265.02 151.52 -261.04 1265.02 151.52

7 8.000 9 -0.0 1275.35 151.52 -261.04 1275.35 151.52

8 11.200 9 -0.0 1285.68 151.52 -261.04 1285.68 151.52

          max  =     0.999 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1285.68 (kN)    Ra  =    3018.01 (kN)    O, 
          PNmin  =   1213.36 (kN)    Pa  =   -1676.01 (kN)    O, 

      
  

7) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group   Calculation of displacement 
            V0 =   80093.13  (kN)                   x =    0.523       (mm) 
            H0 =    2811.86  (kN)                   y =    2.860       (mm) 
            M0 =   79292.20  (kN m)                  =   0.05563 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.200 9 -0.0 870.12 39.05 -61.71 870.12 39.05

2 -8.000 9 -0.0 939.34 39.05 -61.71 939.34 39.05

3 -4.800 9 -0.0 1008.57 39.05 -61.71 1008.57 39.05

4 -1.600 9 -0.0 1077.79 39.05 -61.71 1077.79 39.05

5 1.600 9 -0.0 1147.02 39.05 -61.71 1147.02 39.05

6 4.800 9 -0.0 1216.24 39.05 -61.71 1216.24 39.05

7 8.000 9 -0.0 1285.47 39.05 -61.71 1285.47 39.05

8 11.200 9 -0.0 1354.69 39.05 -61.71 1354.69 39.05

          max  =     0.523 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1354.69 (kN)    Ra  =    1993.31 (kN)    O, 
          PNmin  =    870.12 (kN)    Pa  =    -920.98 (kN)    O, 



A-7-2. Structural calculation of pile foundation for Iburahimia regulator 



  
 
 

Structure Nos. of piles dia. Length of piles  note 

Ibrahimia reg. 7x8=56 1,000mm 15.0m Cast in-place concrete pile 
 

A-294



(Ibrahimia Regulator)

1. Load data 

    (1) Weir axis direction 

No Load case 
Extra 

coefficient 
Design 
condition 

Vertical
force 

Horizontal
force Bending moment 

    (kN) (kN) (kN m) 
 1 Normal 1.00Normal 90408.54 724.42 8136.77
 2 Normal 1.00Normal 88729.08 1777.68 17745.82
 3 Normal 1.00Normal 134758.39 2506.86 16171.01
 4 Seismic 1.15Seismic 87525.54 14202.59 68269.92
 5 Seismic 1.15Seismic 85846.08 11091.17 52366.11
 6 Seismic 1.15Seismic 131875.39 10550.03 50112.65

    (2) Weir axis right angle direction 

No Load case 
Extra 

coefficient 
Design 
condition 

Vertical
force 

Horizontal
force Bending moment 

    (kN) (kN) (kN m) 
 1 Normal 1.00Normal 91358.69 883.93 -43852.17
 2 Normal 1.00Normal 88729.08 14388.83 -53237.45

 3 Normal 1.00Normal 134758.39 987.46 -40427.52
 4 Seismic 1.15Seismic 85846.08 25761.42 -12876.91
 5 Seismic 1.15Seismic 131875.39 10550.03 0.00
 6 Seismic 1.15Seismic 89965.54 10909.75 -6297.59
 7 Normal 1.00Normal 80819.68 4765.33 71121.32

 2. Pile arrangement 

3.Ground spring 

3-1.Pile spring constant for pile axis direction 

         
           ,V Pile spring constant for pile axis direction (kN/m) 
           a  Correction coefficient 
                 In-place pile 
                 a = 0.031 (L/D) - 0.150 
                   = 0.031   ( 14.900 / 1.000 ) - 0.150 = 0.312 
           Ap Vertical sectional area of the pile (m2) 
           Ep Young s modulus of the pile (kN/m2) 
           L  Insertion length of the pile (m) 
           D  Pile diameter (m) 



3-2.Ground resistance coefficient for horizontal direction 

    Spring constant for pile axis right angle direction is calculated as following formula with considering multilayered ground; 

    (1) Calculation of the ground resistance coefficient for horizontal direction 

          
          kH   Ground resistance coefficient for horizontal direction (kN/m3) 
          kH0  Ground resistance coefficient for horizontal direction, which is equivalent to the plate lord test 

   value by the 0.3m diameter rigid disc (kN/m3) 

           BH   Conversion load width for the foundation (m) 

           D    Pile diameter (m) 
             Characteristic value of the foundation (m-1) 

             Coefficient for the estimation of ground resistance coefficient 
                    Normal  = 1   Seismic  = 2 
           E0   Coefficient for the ground deformation (kN/m2) 
           EI  Bending rigidity of the foundation (kN m2) 

    (2) Calculation of the conversion road width BH

            ,ey point on the calculation of BH,

          kH should be normal value when the calculating of BH.

          kH should be average value from the design ground surface to 1/  depth when the calculating of BH  
even if the layer shift dipper. Calculation of kH of each layer should be used BH.  

          Pile diameter                     D              1.000 (m) 
          Young s modules                 E           25000000 (kN/m2) 
          Section secondary moment         I         0.04908739 (m4) 

In assumption of  1/  = 3.443 (m)  = 0.29043 (m-1)
            Average E0 =  41094.3 (kN/m2) 

           

          Calculation result of  is as follows, and this matches to the assumed . 

Form the above, the conversion load width   BH = 1.856 (m) 



 (3) Calculation of the ground resistance coefficient of each layer for horizontal direction 
          Pile diameter                D              1.000 (m) 
          Young s mo                 E           25000000 (kN/m2) 
          Section secondary moment     I         0.04908739 (m4) 

  

      1) Normal 

No 
Layer 

thickness E0 kH0 kH

(m) (kN/m2) (kN/m3) (kN/m3) 
1 0.200 33600.0 112000.0 28556.2
2 1.000 42000.0 140000.0 35695.2
3 1.000 36400.0 121333.3 30935.9
4 1.000 44800.0 149333.3 38074.9
5 1.000 47600.0 158666.7 40454.6
6 1.000 50400.0 168000.0 42834.3
7 1.000 61600.0 205333.3 52353.0
8 1.000 67200.0 224000.0 57112.4
9 1.000 72800.0 242666.7 61871.7
10 1.000 114800.0 382666.7 97566.9
11 1.000 106400.0 354666.7 90427.9
12 1.000 106400.0 354666.7 90427.9
13 1.000 95200.0 317333.3 80909.2
14 2.000 117600.0 392000.0 99946.6

15 0.700 109200.0 364000.0 92807.6

                        Characteristic   0.29043 (m-1) 

      2) Seismic 

No 
Layer 

thickness E0 kH0 kH

(m) (kN/m2) (kN/m3) (kN/m3) 
1 0.200 33600.0 224000.0 57112.4
2 1.000 42000.0 280000.0 71390.4
3 1.000 36400.0 242666.7 61871.7
4 1.000 44800.0 298666.7 76149.8
5 1.000 47600.0 317333.3 80909.2
6 1.000 50400.0 336000.0 85668.5
7 1.000 61600.0 410666.7 104706.0
8 1.000 67200.0 448000.0 114224.7
9 1.000 72800.0 485333.3 123743.4
10 1.000 114800.0 765333.3 195133.9
11 1.000 106400.0 709333.3 180855.8
12 1.000 106400.0 709333.3 180855.8
13 1.000 95200.0 634666.7 161818.3
14 2.000 117600.0 784000.0 199893.2
15 0.700 109200.0 728000.0 185615.2

                        Characteristic   0.29043 (m-1) 

4. Calculation of the displacement and the resistance at pile head 

4-1.Calculation method 
    (1) Calculation formula 

      Calculation method by the displacement way is to set coordinates as following figure and to set the center of the piles group as ori
gin point 0. The external force acting to point 0 is set as following figure.  



       In this regard, displacement of the origin 0 is calculated from following equation with three unknowns. 
         Axx x + Axy y + Axa  = H0 

         Ayx x + Ayy y + Aya  = V0 

         Aax x + Aay y + Aaa  = M0 

       Each coefficient is calculated with the assumption of the footing bottom as flat. 
         Axx       =   (,1 cos2

i + ,V sin2
i) 

         Axy = Ayx =   (,V - ,1) sin i cos i 

         Axa = Aax =  { (,V - ,1) xi sin i cos i - ,2 cos i} 
         Ayy       =   (,V cos2

i + ,1 sin2
i) 

         Aya = Aay =  { (,V cos2
i + ,1 sin2

i) xi  + ,2 sin i}  
         Aaa       =  { (,V cos2

i + ,1 sin2
i) xi2 + (,2 + ,3) xi sin i + ,4} 

         
           H0  Horizontal load acting to the upper portion of footing bottom (kN) 
           V0  Vertical load acting to the upper portion of the footing bottom (kN) 
           M0  Moment of the external force around the origin 0 (kN m) 
           x Displacement of origin 0 for horizontal direction (m) 
           y Displacement of origin 0 for vertical direction (m) 
           Rotation angle of the footing (rad) 
           xi  X coordinate of the pile head at i(th) pile (m) 
           i Angle between pile axis and vertical axis at i(th) pile (degree) 

      From the result of displacement at footing origin point ( x , y , ), the force for pile axis direction PNi at pile head, the force for pile
 axis right angle direction PHi and moment Mti are formulated as following formula; 

         PNi =   ,V yi' 
         PHi =   ,1 xi' - ,2

         Mti = - ,3 xi' + ,4

         xi' = x cos i - ( y + xi) sin i 

         yi' = x sin i + ( y + xi) cos i 

          
           xi' Displacement of pile head at i(th) pile for pile axis right angle direction (m) 
           yi' Displacement of pile head at i(th) pile for pile axis direction (m) 
           ,V   Pile axis direction force occurring the displacement for pile axis direction at pile head(kN) 

(Pile sprig coefficient for pile axis direction) 
           ,1 ,2 ,3 ,4 Pile spring coefficient for pile axis right angle direction 
           xi   x coordinate at i(th) pile head(m) 
           i Angle degree between pile axis and vertical axis at i(th) pile (degree) 
           PNi  Pile axis direction force at i(th) pile (kN) 
           PHi  Pile axis right angle direction force at i(th) pile (kN) 
           Mti  Moment acting to the pile head at i(th) pile (kN m) 

      Vertical resistance at pile head (Vi) and horizontal resistance at pile head (Hi) are calculated as following formula; 
         Vi = PNi cos i - PHi sin i 

         Hi = PNi sin i + PHi cos i 

    (2) Calculation of the pile spring coefficient 

      1) Normal 

       a) Pile conditions 

         Cast in-place concrete pile          1000.0 (mm)  L =    14.900 (m) 
                                               ,V =  411016.2  (kN/m) 

       b) Pile spring coefficient for pile axis right angle direction 

          Pile head fixed connection 

No ,1 ,2 ,3 ,4

(kN/m) (kN/rad) (kN m/m) (kN m/rad) 
1 121014.0 213267.5 213267.5 736070.8

          Pile head hinge 

No ,1 ,2 ,3 ,4

(kN/m) (kN/rad) (kN m/m) (kN m/rad) 
1 59222.4 0.0 0.0 0.0

2) Seismic 

       a) Pile conditions 

         Cast in-place concrete pile          1000.0 (mm)  L =    14.900 (m) 
                                               ,V =  411016.2 (kN/m) 

       b) Pile spring coefficient for pile axis right angle direction 

          Pile head fixed connection 

          Pile head fixed connection 

No ,1 ,2 ,3 ,4

(kN/m) (kN/rad) (kN m/m) (kN m/rad) 

1 200719.2 296552.6 296552.6 863979.9



          Pile head hinge 

No ,1 ,2 ,3 ,4

(kN/m) (kN/rad) (kN m/m) (kN m/rad) 

1 98930.4 0.0 0.0 0.0

          
          ,1 ,3 Pile axis right angle direction force (kN/m) and bending moment (kN m/m), that should be acted  to the pile head in

 order to displace the pile head for unit quantity without rotation. 
           ,2 ,4 Pile axis right angle direction force (kN/m) and bending moment (kN m/m), that should be acted  to the pile head i

n order to rotate the pile head for unit quantity without displacement. 

(3) Rigidity matrix (fixed) 

      1) Weir axis direction 

       a) Normal 

          Pile head rigid connection 

Pile head hinge

Seismic

Pile head rigid connection

Pile head hinge

2) Weir axis right angle direction 

       a) Normal 

          Pile head rigid connection 

Pile head hinge

Seismic

Pile head rigid connection

Pile head hinge



4-2.Pile head displacement and pile head resistance 

    (1) Weir axis direction 

      1) Normal 

       a) Pile head rigid connection 

         Acting force for center of pile group   Calculation of displacement 
            V0 =   90408.54  (kN)                   x =    0.113       (mm) 
            H0 =     724.42  (kN)                   y =    3.928       (mm) 
            M0 =    8136.77  (kN m)                  =   0.00350 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.450 7 -0.0 1590.77 12.94 -21.54 1590.77 12.94
2 -11.750 7 -0.0 1597.53 12.94 -21.54 1597.53 12.94
3 -7.050 7 -0.0 1604.30 12.94 -21.54 1604.30 12.94
4 -2.350 7 -0.0 1611.06 12.94 -21.54 1611.06 12.94
5 2.350 7 -0.0 1617.82 12.94 -21.54 1617.82 12.94
6 7.050 7 -0.0 1624.58 12.94 -21.54 1624.58 12.94
7 11.750 7 -0.0 1631.34 12.94 -21.54 1631.34 12.94
8 16.450 7 -0.0 1638.10 12.94 -21.54 1638.10 12.94

          max  =     0.113 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1638.10 (kN)    Ra  =    2633.03 (kN)    O, 
          PNmin  =   1590.77 (kN)    Pa  =   -1258.25 (kN)    O, 

    
      2) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group  Calculation of displacement 
            V0 =   88729.08  (kN)                   x =    0.276       (mm) 
            H0 =    1777.68  (kN)                   y =    3.855       (mm) 
            M0 =   17745.82  (kN m)                  =   0.00776 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.450 7 -0.0 1531.96 31.74 -53.15 1531.96 31.74
2 -11.750 7 -0.0 1546.96 31.74 -53.15 1546.96 31.74
3 -7.050 7 -0.0 1561.95 31.74 -53.15 1561.95 31.74
4 -2.350 7 -0.0 1576.95 31.74 -53.15 1576.95 31.74
5 2.350 7 -0.0 1591.95 31.74 -53.15 1591.95 31.74
6 7.050 7 -0.0 1606.94 31.74 -53.15 1606.94 31.74
7 11.750 7 -0.0 1621.94 31.74 -53.15 1621.94 31.74
8 16.450 7 -0.0 1636.94 31.74 -53.15 1636.94 31.74

          max  =     0.276 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1636.94 (kN)    Ra  =    2633.03 (kN)    O, 
          PNmin  =   1531.96 (kN)    Pa  =   -1258.25 (kN)    O, 

       
 3) Normal 

       a) Pile head rigid connection 

          Acting force for center of pile group  Calculation of displacement 
            V0 =  134758.39  (kN)                   x =    0.383       (mm) 
            H0 =    2506.86  (kN)                   y =    5.855       (mm) 
            M0 =   16171.01  (kN m)                  =   0.00766 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.450 7 -0.0 2354.64 44.77 -76.13 2354.64 44.77
2 -11.750 7 -0.0 2369.43 44.77 -76.13 2369.43 44.77
3 -7.050 7 -0.0 2384.22 44.77 -76.13 2384.22 44.77
4 -2.350 7 -0.0 2399.01 44.77 -76.13 2399.01 44.77
5 2.350 7 -0.0 2413.79 44.77 -76.13 2413.79 44.77
6 7.050 7 -0.0 2428.58 44.77 -76.13 2428.58 44.77
7 11.750 7 -0.0 2443.37 44.77 -76.13 2443.37 44.77
8 16.450 7 -0.0 2458.16 44.77 -76.13 2458.16 44.77

          max  =     0.383 (mm)    a =      15.00 (mm)    O, 



          PNmax  =   2458.16 (kN)    Ra  =    2633.03 (kN)    O, 
          PNmin  =   2354.64 (kN)    Pa  =   -1258.25 (kN)    O, 

     4) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group Calculation of displacement 
            V0 =   87525.54  (kN)                   x =    1.313       (mm) 
            H0 =   14202.59  (kN)                   y =    3.803       (mm) 
            M0 =   68269.92  (kN m)                  =   0.03314 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.450 7 -0.0 1338.89 253.62 -360.59 1338.89 253.62
2 -11.750 7 -0.0 1402.91 253.62 -360.59 1402.91 253.62
3 -7.050 7 -0.0 1466.93 253.62 -360.59 1466.93 253.62
4 -2.350 7 -0.0 1530.95 253.62 -360.59 1530.95 253.62
5 2.350 7 -0.0 1594.97 253.62 -360.59 1594.97 253.62
6 7.050 7 -0.0 1658.99 253.62 -360.59 1658.99 253.62
7 11.750 7 -0.0 1723.01 253.62 -360.59 1723.01 253.62
8 16.450 7 -0.0 1787.03 253.62 -360.59 1787.03 253.62

          max  =     1.313 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1787.03 (kN)    Ra  =    3976.55 (kN)    O, 
          PNmin  =   1338.89 (kN)    Pa  =   -2333.46 (kN)    O, 

       

5) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group Calculation of displacement 
            V0 =   85846.08  (kN)                   x =    1.024       (mm) 
            H0 =   11091.17  (kN)                   y =    3.730       (mm) 
            M0 =   52366.11  (kN m)                  =   0.02553 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.450 7 -0.0 1360.36 198.06 -281.75 1360.36 198.06
2 -11.750 7 -0.0 1409.68 198.06 -281.75 1409.68 198.06
3 -7.050 7 -0.0 1458.99 198.06 -281.75 1458.99 198.06
4 -2.350 7 -0.0 1508.31 198.06 -281.75 1508.31 198.06
5 2.350 7 -0.0 1557.62 198.06 -281.75 1557.62 198.06
6 7.050 7 -0.0 1606.94 198.06 -281.75 1606.94 198.06
7 11.750 7 -0.0 1656.25 198.06 -281.75 1656.25 198.06
8 16.450 7 -0.0 1705.57 198.06 -281.75 1705.57 198.06

          max  =     1.024 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1705.57 (kN)    Ra  =    3976.55 (kN)    O, 
          PNmin  =   1360.36 (kN)    Pa  =   -2333.46 (kN)    O, 

      

      6) Seismic 
         

a) Pile head rigid connection 

          Acting force for center of pile group  Calculation of displacement 
            V0 =  131875.39  (kN)                   x =    0.975       (mm) 
            H0 =   10550.03  (kN)                   y =    5.730       (mm) 
            M0 =   50112.65  (kN m)                  =   0.02439 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -16.450 7 -0.0 2189.98 188.39 -267.95 2189.98 188.39
2 -11.750 7 -0.0 2237.10 188.39 -267.95 2237.10 188.39
3 -7.050 7 -0.0 2284.23 188.39 -267.95 2284.23 188.39
4 -2.350 7 -0.0 2331.35 188.39 -267.95 2331.35 188.39
5 2.350 7 -0.0 2378.48 188.39 -267.95 2378.48 188.39
6 7.050 7 -0.0 2425.61 188.39 -267.95 2425.61 188.39
7 11.750 7 -0.0 2472.73 188.39 -267.95 2472.73 188.39
8 16.450 7 -0.0 2519.86 188.39 -267.95 2519.86 188.39

          max  =     0.975 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   2519.86 (kN)    Ra  =    3976.55 (kN)    O, 
          PNmin  =   2189.98 (kN)    Pa  =   -2333.46 (kN)    O, 



    (2) Weir axis right angle direction 

      1) Normal 
   

a) Pile head rigid connection 

          Acting force for center of pile group Calculation of displacement 
            V0 =   91358.69  (kN)                   x =    0.075       (mm) 
            H0 =     883.93  (kN)                   y =    3.969       (mm) 
            M0 =  -43852.17  (kN m)                  =  -0.03134 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.400 8 -0.0 1778.24 15.78 -39.11 1778.24 15.78
2 -7.600 8 -0.0 1729.30 15.78 -39.11 1729.30 15.78
3 -3.800 8 -0.0 1680.35 15.78 -39.11 1680.35 15.78
4 0.000 8 -0.0 1631.41 15.78 -39.11 1631.41 15.78

5 3.800 8 -0.0 1582.46 15.78 -39.11 1582.46 15.78
6 7.600 8 -0.0 1533.51 15.78 -39.11 1533.51 15.78
7 11.400 8 -0.0 1484.57 15.78 -39.11 1484.57 15.78

          max  =     0.075 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1778.24 (kN)    Ra  =    2633.03 (kN)    O, 
          PNmin  =   1484.57 (kN)    Pa  =   -1258.25 (kN)    O, 

    

      2) Normal 

         a) Pile head rigid connection 

         Acting force for center of pile group  Calculation of displacement 
            V0 =   88729.08  (kN)                   x =    2.087       (mm) 
            H0 =   14388.83  (kN)                   y =    3.855       (mm) 
            M0 =  -53237.45  (kN m)                  =  -0.02066 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.400 8 -0.0 1681.24 256.94 -460.26 1681.24 256.94
2 -7.600 8 -0.0 1648.97 256.94 -460.26 1648.97 256.94
3 -3.800 8 -0.0 1616.71 256.94 -460.26 1616.71 256.94
4 0.000 8 -0.0 1584.45 256.94 -460.26 1584.45 256.94
5 3.800 8 -0.0 1552.18 256.94 -460.26 1552.18 256.94
6 7.600 8 -0.0 1519.92 256.94 -460.26 1519.92 256.94
7 11.400 8 -0.0 1487.66 256.94 -460.26 1487.66 256.94

          max  =     2.087 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1681.24 (kN)    Ra  =    2633.03 (kN)    O, 
          PNmin  =   1487.66 (kN)    Pa  =   -1258.25 (kN)    O, 

    

      3) Normal 

        a) Pile head rigid connection 

          Acting force for center of pile group  Calculation of displacement    (Stability analysis case3)
            V0 =  134758.39  (kN)                   x =    0.095       (mm) 
            H0 =     987.46  (kN)                   y =    5.855       (mm) 
            M0 =  -40427.52  (kN m)                  =  -0.02867 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.400 8 -0.0 2540.71 17.63 -41.40 2540.71 17.63

2 -7.600 8 -0.0 2495.94 17.63 -41.40 2495.94 17.63
3 -3.800 8 -0.0 2451.17 17.63 -41.40 2451.17 17.63
4 0.000 8 -0.0 2406.40 17.63 -41.40 2406.40 17.63

5 3.800 8 -0.0 2361.63 17.63 -41.40 2361.63 17.63
6 7.600 8 -0.0 2316.86 17.63 -41.40 2316.86 17.63
7 11.400 8 -0.0 2272.09 17.63 -41.40 2272.09 17.63

          max  =     0.095 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   2540.71 (kN)    Ra  =    2633.03 (kN)    O, 
          PNmin  =   2272.09 (kN)    Pa  =   -1258.25 (kN)    O, 

      

Critical case



      4) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group  Calculation of displacement 
            V0 =   85846.08  (kN)                   x =    2.319       (mm) 
            H0 =   25761.42  (kN)                   y =    3.730       (mm) 
            M0 =  -12876.91  (kN m)                  =   0.01861 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 

1 -11.400 8 -0.0 1445.77 460.03 -671.74 1445.77 460.03
2 -7.600 8 -0.0 1474.83 460.03 -671.74 1474.83 460.03
3 -3.800 8 -0.0 1503.90 460.03 -671.74 1503.90 460.03
4 0.000 8 -0.0 1532.97 460.03 -671.74 1532.97 460.03
5 3.800 8 -0.0 1562.03 460.03 -671.74 1562.03 460.03
6 7.600 8 -0.0 1591.10 460.03 -671.74 1591.10 460.03
7 11.400 8 -0.0 1620.16 460.03 -671.74 1620.16 460.03

          max  =     2.319 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1620.16 (kN)    Ra  =    3976.55 (kN)    O, 
          PNmin  =   1445.77 (kN)    Pa  =   -2333.46 (kN)    O, 

      5) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group  Calculation of displacement 
            V0 =  131875.39  (kN)                   x =    0.956       (mm) 
            H0 =   10550.03  (kN)                   y =    5.730       (mm) 
            M0 =       0.00  (kN m)                  =   0.01152 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.400 8 -0.0 2300.95 188.39 -273.44 2300.95 188.39
2 -7.600 8 -0.0 2318.94 188.39 -273.44 2318.94 188.39
3 -3.800 8 -0.0 2336.93 188.39 -273.44 2336.93 188.39

4 0.000 8 -0.0 2354.92 188.39 -273.44 2354.92 188.39
5 3.800 8 -0.0 2372.91 188.39 -273.44 2372.91 188.39
6 7.600 8 -0.0 2390.90 188.39 -273.44 2390.90 188.39
7 11.400 8 -0.0 2408.89 188.39 -273.44 2408.89 188.39

          max  =     0.956 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   2408.89 (kN)    Ra  =    3976.55 (kN)    O, 
          PNmin  =   2300.95 (kN)    Pa  =   -2333.46 (kN)    O, 

   

      6) Seismic 

       a) Pile head rigid connection 

          Acting force for center of pile group  Calculation of displacement 
            V0 =   89965.54  (kN)                   x =    0.981       (mm) 
            H0 =   10909.75  (kN)                   y =    3.909       (mm) 
            M0 =   -6297.59  (kN m)                  =   0.00726 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.400 8 -0.0 1572.52 194.82 -284.74 1572.52 194.82
2 -7.600 8 -0.0 1583.86 194.82 -284.74 1583.86 194.82
3 -3.800 8 -0.0 1595.19 194.82 -284.74 1595.19 194.82
4 0.000 8 -0.0 1606.53 194.82 -284.74 1606.53 194.82
5 3.800 8 -0.0 1617.86 194.82 -284.74 1617.86 194.82
6 7.600 8 -0.0 1629.20 194.82 -284.74 1629.20 194.82
7 11.400 8 -0.0 1640.53 194.82 -284.74 1640.53 194.82

          max  =     0.981 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1640.53 (kN)    Ra  =    3976.55 (kN)    O, 
          PNmin  =   1572.52 (kN)    Pa  =   -2333.46 (kN)    O, 

         7) Normal 

        a) Pile head rigid connection 

          Acting force for center of pile group Calculation of displacement 
            V0 =   80819.68  (kN)                   x =    0.807       (mm) 



            H0 =    4765.33  (kN)                   y =    3.511       (mm) 
            M0 =   71121.32  (kN m)                  =   0.05892 10-3 (rad) 

          Acting force at pile head 

Pile xi

Quanti
ties i PNi PHi Mti Vi Hi

No. (m)  (degree) (kN) (kN) (kN m) (kN) (kN) 
1 -11.400 8 -0.0 1167.14 85.10 -128.74 1167.14 85.10
2 -7.600 8 -0.0 1259.16 85.10 -128.74 1259.16 85.10
3 -3.800 8 -0.0 1351.18 85.10 -128.74 1351.18 85.10
4 0.000 8 -0.0 1443.21 85.10 -128.74 1443.21 85.10
5 3.800 8 -0.0 1535.23 85.10 -128.74 1535.23 85.10
6 7.600 8 -0.0 1627.26 85.10 -128.74 1627.26 85.10
7 11.400 8 -0.0 1719.28 85.10 -128.74 1719.28 85.10

          max  =     0.807 (mm)    a =      15.00 (mm)    O, 
          PNmax  =   1719.28 (kN)    Ra  =    2633.03 (kN)    O, 
          PNmin  =   1167.14 (kN)    Pa  =   -1258.25 (kN)    O, 



APPENDIX A-8 

Structural Calculation of Steel Sheet Pile Works 

A-8-1. Structural calculation of steel sheet pile works (Type A) -------------------------  309   

A-8-2. Structural calculation of steel sheet pile works (Type BL-1) ---------------------  328   

A-8-3. Structural calculation of steel sheet pile works (Type BL-2) ---------------------  333   

A-8-4. Structural calculation of steel sheet pile works (Type BR-1) --------------------  342   

A-8-5. Structural calculation of steel sheet pile works (Type BR-2) --------------------  347   

A-8-6. Structural calculation of steel sheet pile works (Type C-1) ----------------------  352   

A-8-7. Structural calculation of steel sheet pile works (Type C-2) ----------------------  357   

A-8-8. Structural calculation of steel sheet pile works (Type D-1) ----------------------  362   

A-8-9. Structural calculation of steel sheet pile works (Type D-2) ----------------------  367   

A-8-10. Structural calculation of steel sheet pile works (Type E-1) ---------------------  370   

A-8-11. Structural calculation of steel sheet pile works (Type E-2) ---------------------  375   

A-8-12. Structural calculation of steel sheet pile works (Type F) ------------------------  378   

A-8-13. Structural calculation of steel sheet pile works (Type G-1) ---------------------  383   

A-8-14. Structural calculation of steel sheet pile works (Type G-2) ---------------------  388   

A-8-15. Structural calculation of steel sheet pile works (Type H) -----------------------  391   

A-8-16. Structural calculation of steel sheet pile works (Type I) -------------------------  396   

A-8-17. Structural calculation of steel sheet pile works (Type J) ------------------------  399   

A-8-18. Structural calculation of steel sheet pile works (Type ,) ------------------------  402   

A-8-19. Structural calculation of steel sheet pile works (Type L) ------------------------  405   

A-8-20. Structural calculation of steel sheet pile works (Type M) -----------------------  408   



 

  

 

 

 

 

Dimensions and sectional performance of supposed steel products 

U-Sections

    

Steel Sheet Pile 

A-306



Wale 

A-307



Allowable stress

Allowable stress

Normal condition Seismic condition

Mechanical features

Tie-rod

Tensile strength yield pointSymbol

High tension steel

Diameter Sectional area
Normal condition Seismic condition

Allowable tensile force

A-308



 
 
 

 A-8-1 Structural calculation of steel sheet pile works (Type A)

<Bracing style sheet pile wall>

 
 
1Design conditions   
     

1-1 Structural figure 

Depth Soil 
type 

Internal 
friction 
angle 

(degree) 

N-value 

Sandy 
soil 

Cohesive 
soil 

Sandy 
soil 

Sandy 
soil 

A-309



                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

1-2 Structural dimensions 
     
    Design height       Ｈ   ＝  8.00 ｍ         
    Top of sheet pile    Ｈlt ＝  0.70 ｍ         
    Inside water level    Ｌwa ＝  2.65 ｍ(Normal condition)   
                       Ｌwa'＝  1.20 ｍ(Seismic condition) 
    Outside water level  Ｌwp ＝  8.00 ｍ(Normal condition)   
                       Ｌwp'＝  1.20 ｍ(Seismic condition) 
     
    Tie-rod installation position Ｈt  ＝  1.00    ｍ 
    Tie-rod horizontal intervals ｌ   ＝  2.40    ｍ 
    Tie-rod installation angle θ   ＝  0.00000 degree 
     
    Method of calculation;  Free earth support method 
     
    Virtual supporting point; Design front ground level      
     
 

1-3 Design constant parameters 
     
    Unit weight of water   γw＝ 10.0 kN/m3 

     
    Type of water pressure;      Trapezoid shape  
     
     
    Design Seismic coefficient (in the air)  ｋ ＝ 0.080 
                           (under water)  Following formula proposed by Arai and Yokoi 
     

  
     
    Dynamic water pressure during earthquake;     Not considered 
     
     
    Cohesive soil collapse angle during earthquake; 

  
     
     
     
    Safety factor of penetration depth;         1.50（Normal condition）   
                                           1.20（Seismic condition） 
     

                       Ｋh ＝ 6910×Ｎ'0.406

1-4 Coefficient of horizontal subgrade reaction 
     
    Formula: 
  
     
                where,     N: Average N-value 
     
     
     Result of boring survey 
 

No 
   

 Depth  
  ｍ   

 N-value
  

       

 

No 
   

 Depth  
  ｍ   

 N-value
  

       

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 

  1.00 
  2.00 
  3.00 
  4.00 
  5.00 
  6.00 
  7.00 
  8.00 
  8.87 
  9.87 

  8   
  8   
  8   
  8   
  8   
  8   
  8   
  8   
  11   
   5   

11 
12 
13 
14 
   
   
   
   
   
   

 10.87 
 11.87 
 12.87 
 13.87 
       
       
       
       
       
       

  10   
   8   
   8   
   9   
       
       
       
       
       
       

 

     
1-5 Overburden pressure 

     
     
    Active pressure side 
           Ｑa ＝  10.0 kN/m2 (Normal condition 
           Ｑa'＝   5.0 kN/m2 (Seismic condition) 
     
    Passive pressure side 
           Ｑp ＝   0.0 kN/m2 (Normal condition) 
           Ｑp'＝    0.0 kN/m2 (Seismic condition) 
     

1-6 Soil constant 
     
 
 

   
No 
   

 Depth  
       
  ｍ   

type 
   

  
N-value  
       

   

  γ   
       
 kN/m3 

  γ'  
       
 kN/m3 

 φ  
     
 Deg. 

  Ｃ   
       
 kN/m2 

  ａ   
       
       

 1 
 2 
 3 
 4 

  8.00 
 15.37 
 21.37 
 30.00 

 S 
 S 
 C 
 S 

  8.0  
  9.0  
 13.0  
 44.0  

 19.00 
 19.00 
 18.00 
 19.00 

 10.00 
 10.00 
  9.00 
 10.00 

30.0 
25.0 
 0.0 
38.0 

   0.0 
   0.0 
  79.0 
   0.0 

   0.0 
   0.0 
   0.0 
   0.0 

 

              Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force            
              type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  ａ  ：Angle of adhesive force  
     
              Ｎvalue：average value                      
               γ ：unit weight of humid soil                          
               γ'：unit weight of soil under the water                       
               φ ：internal friction angle                                                     
     
 

1-7 Sheet pile 
     
    Type                  PU18                        
    Young modulus         Ｅ ＝  200000 N/mm2 

    Second moment of area  Ｉ0＝   38650 cm4（before corrosion） 
    Modulus of section      Ｚ0＝    1800 cm3（before corrosion） 
     
    Corrosion allowance    ｔ1＝0.00 mm (front side)    ｔ2＝0.00 mm (back side) 
    Corrosion ratio (against  Ｚo)  η=1.00 
    Joint efficiency(against Ｚo)   µ=1.00 
    Allowable stress       σa ＝165 N/mm2（Normal condition） 
                         σa'＝190 N/mm2（Seismic condition） 
     
    

A-310



 
1-8 Tie-rod 

     
    Diameter of tie-rod    Calculated 
     
    Corrosion             Considered（0.00mm） 
     
    Allowable stress   σa ＝176 N/mm2（Normal condition） 
                       σa'＝264 N/mm2（Seismic condition） 
     

1-9 Wale 
     
    Type              2 x UPN-220x80                           
     
    Modulus of section;        490 cm3 

     
    Corrosion ;              considered（0.00mm） 
    Corrosion ratio;               η ＝1.00 
     
    Allowable stress       σa ＝140 N/mm2（Normal condition） 
                         σa'＝161 N/mm2（Seismic condition） 
     

1-10 Bracing sheet pile 
     
     
    Calculation method       Chang's formula 
                            
    Crest elevation of bracing works  0.30 ｍ （distance from tie-rod） 
     
     
    Materials               PU12                        
    Young's modulus        Ｅ ＝  200000 N/mm2 

    Second moment of area  Ｉ0＝   21600 cm4（before corrosion） 
    Modulus of section      Ｚ0＝    1200 cm3（before corrosion） 
     
    Corrosion allowance          ｔ1＝0.00 mm (front side)    ｔ2＝0.00 mm (back side) 
    Corrosion ratio (againstＩ0)   η＝1.00 
    Corrosion ratio (against Ｚ0)  η＝1.00 
    Joint efficiency (against Ｉ0)  μ＝1.00 
    Joint efficiency(againstＺ0)    μ＝1.00 
     
     
    Allowable stress       σa ＝165 N/mm2（Normal condition） 
                         σa'＝190 N/mm2（Seismic condition） 
     
    Allowable displacement  δa ＝ 50.0 mm（Normal condition） 
                          δa'＝ 75.0 mm（Seismic condition） 
     

        Ｋa ＝ 
cos2(φ-θ)

cosθ・cos(δ+θ)・ 1+
sin(φ+δ)・sin(φ-β-θ)

cos(δ+θ)・cos(-β)

2

2 Calculation of lateral pressure 
     

2-1 Normal condition 
 
 
   
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
     
            
 
 

2-1-1 Soil constant of passive side 
 

 
 Depth  

   ｍ    

Soil  
type 

       

  γ   
 kN/m3 

 φ  
degree

  

  Ｃ   
 kN/m2 

Σγｈ+Ｑa 
   kN/m2   

  Ｋa    
         

  Ｋa    
 ×cosδ 

 1 
   

 0.00～  
    2.65 

sandy 
 soil 

       

  19.0 
       

30.0 
     

─── 
─── 

    10.000 
    60.350 

 0.33333 
 0.33333 

 0.33333 
 0.33333 

 2 
   

 2.65～  
    8.00 

sandy  
soil 

       

  10.0 
       

30.0 
     

─── 
─── 

    60.350 
   113.850 

 0.33333 
 0.33333 

 0.33333 
 0.33333 

 3 
   

 8.00～  
   15.37 

sandy 
 soil 

       

  10.0 
       

25.0 
     

─── 
─── 

   113.850 
   187.550 

 0.40586 
 0.40586 

 0.40586 
 0.40586 

 4 
   

15.37～  
   21.37 

cohesive
 soil 

       

   9.0 
       

── 
     

  79.0 
  79.0 

   187.550 
   241.550 

──── 
──── 

──── 
──── 

 5 
   

21.37～  
   30.00 

sandy 
 soil 

       

  10.0 
       

38.0 
     

─── 
─── 

   241.550 
   327.850 

 0.23788 
 0.23788 

 0.23788 
 0.23788 

 

     
    ・Coefficient of passive earth pressure（Ｋa）in sandy soil is obtained by following formula 
        δ＝0.00degree、β＝0.00degree、θ＝0.00degree 

  
     

Passive earth pressure Active earth pressure Residual water pressure 

layer 1 

layer 2 

layer 3 

layer 4 

A-311



        Ｋp ＝ 
cos2(φ-θ)

cosθ・cos(δ-θ)・ 1-
sin(φ-δ)・sin(φ+β-θ)

cos(δ-θ)・cos(-β)

2

2-1-2 Soil constant of passive side 
 

No 
   

 Depth  
   ｍ    

Soil  
type 

       

  γ   
 kN/m3 

 φ  
 degree

  

  Ｃ   
kN/m2 

Σγｈ+Ｑp 
   kN/m2   

  Ｋp    
         

  Ｋp    
 ×cosδ 

 3 
   

 8.00～  
   15.37 

sandy  
soil 

       

  10.0 
       

25.0 
     

─── 
─── 

     0.000 
    73.700 

 2.46391 
 2.46391 

 2.46391 
 2.46391 

 4 
   

15.37～  
   21.37 

cohesive
 soil 

       

   9.0 
       

 0.0 
     

  79.0 
  79.0 

    73.700 
   127.700 

──── 
──── 

──── 
──── 

 5 
   

21.37～  
   30.00 

sandy  
soil 

       

  10.0 
       

38.0 
     

─── 
─── 

   127.700 
   214.000 

 4.20375 
 4.20375 

 4.20375 
 4.20375 

 

     
    ・Coefficient of passive earth pressure（Ｋp）in sandy soil is obtained by following formula 
        δ＝0.00degree、β＝0.00degree、θ＝0.00degree 

  
     

2-1-3 Lateral pressure 
 

   
No 
   
   

         
 Depth  

         
   ｍ    

           Passive side        
    

residual water 
pressure 

 Passive side
  

  Ｐa1   
  kN/m2  

  Ｐa2   
  kN/m2  

  Ｐa    
  kN/m2  

  Ｐw    
  kN/m2  

  Ｐp    
  kN/m2  

 1 
   

 0.00～  
    2.65 

    3.33 
   20.12 

──── 
──── 

    3.33 
   20.12 

──── 
──── 

──── 
──── 

 2 
   

 2.65～  
    8.00 

   20.12 
   37.95 

──── 
──── 

   20.12 
   37.95 

    0.00 
   53.50 

──── 
──── 

 3 
   

 8.00～  
   15.37 

   46.21 
   76.12 

──── 
──── 

   46.21 
   76.12 

   53.50 
   53.50 

    0.00 
  181.59 

 4 
   

15.37～  
   21.37 

   29.55 
   83.55 

   93.78 
  120.78 

   93.78 
  120.78 

   53.50 
   53.50 

  231.70 
  285.70 

 5 
   

21.37～  
   30.00 

   57.46 
   77.99 

──── 
──── 

   57.46 
   77.99 

   53.50 
   53.50 

  536.82 
  899.60 

 

     
    ・Calculation formula of passive earth pressure   

     
 
 
 
 
 
 
 
 
 

    ・Calculation formula of passive earth pressure   
     
        砂質土  Ｐp＝Ｋp・[Σγｈ + 

Ｑ

cos(-β)
]・cosδ

        粘性土  Ｐp＝Σγｈ+Ｑ+２Ｃ

        中間土  Ｐp＝[ Ｋp(Σγｈ+Ｑ)+２Ｃ Ｋp ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 

        砂質土  Ｐa1＝Ｋa・[Σγｈ + 
Ｑ

cos (-β)
]・cosδ

        粘性土  Ｐa1＝Σγｈ+Ｑ-２Ｃ
                Ｐa2＝Ｋc・(Σγｈ+Ｑ)
                Ｋc：圧密平衡係数、Ｋc＝0.50
                Ｐa1、Ｐa2 のいずれか大きい値をとり、主働土圧（Ｐa）とする。
    

        中間土  Ｐa1＝[ Ｋa(Σγｈ+Ｑ)-２Ｃ Ｋa ]・cosδ

Sandy soil 

Cohesive 
soil 

Medium soil 

        Ｋa ＝ 
cos2(φ-θ)

cosθ・cos(δ+θ)・ 1+
sin(φ+δ)・sin(φ-β-θ)

cos(δ+θ)・cos(-β)

2

        ζ＝tan-1 1-
Σγｈ+2Ｑ

2Ｃ
・tanθ

2-2 Seismic condition 
       
     
        
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-2-1 Passive side soil constant 
 

No 
   

 Depth  
   ｍ    

Soil type 
       

  γ   
 kN/m3 

 φ  
 degree

  

  Ｃ   
 kN/m

2 

Σγｈ+Q 
  kN/m2  

γwｈw 
 kN/m2 

  ｋ   
 (ｋ') 

  θ   
  degree

   

  Ｋa    
         

  Ｋa    
 ×cosδ 

  ζ   
  degree

   

 1 
   

 0.00～  
    1.20 

sandy  
soil 

       

  19.0 
       

30.0 
     

─── 
─── 

    5.00 
   27.80 

  0.00 
  0.00 

 0.080 
 0.080 

  4.57 
  4.57 

 0.38296 
 0.38296 

 0.38296 
 0.38296 

─── 
─── 

 2 
   

 1.20～  
    8.00 

sandy  
soil 

       

  10.0 
       

30.0 
     

─── 
─── 

   27.80 
   95.80 

  0.00 
 68.00 

 0.124 
 0.124 

  7.07 
  7.07 

 0.41358 
 0.41358 

 0.41358 
 0.41358 

─── 
─── 

 3 
   

 8.00～  
   15.37 

sandy  
soil 

       

  10.0 
       

25.0 
     

─── 
─── 

   95.80 
  169.50 

 68.00 
141.70 

 0.143 
 0.143 

  8.15 
  8.15 

 0.51157 
 0.51157 

 0.51157 
 0.51157 

─── 
─── 

 4 
   

15.37～  
   21.37 

cohesive
 soil 

       

   9.0 
       

── 
     

  79.0 
  79.0 

  169.50 
  223.50 

141.70 
201.70 

 0.150 
 0.150 

  8.53 
  8.53 

──── 
──── 

──── 
──── 

 42.41 
 41.51 

 5 
   

21.37～  
   30.00 

sandy  
soil 

       

  10.0 
       

38.0 
     

─── 
─── 

  223.50 
  309.80 

201.70 
288.00 

 0.153 
 0.153 

  8.72 
  8.72 

 0.32337 
 0.32337 

 0.32337 
 0.32337 

─── 
─── 

 

     
    ・Coefficient of sandy soil passive earth pressure（Ｋa）is obtained by following formula 
        δ＝0.00degree、β＝0.00degree 
        compound angle θ＝tan-1k 
     

  
     

  
     
     

10.65 

1.91 

39.62 

11.50 

161.72 86.71 

49.01 

231.70 84.75 38.67 

5.00 

6.00 

7.37 

6.80 

1.20 

1 層 8.00 

2 層 7.37 

受働土圧 主働土圧 残留水圧 Passive earth pressure Active earth pressure Residual water pressure 

Layer 1 

Layer 2 

A-312



        Ｋp ＝ 
cos2(φ-θ)

cosθ・cos(δ-θ)・ 1-
sin(φ-δ)・sin(φ+β-θ)

cos(δ-θ)・cos(-β)

2

2-2-2 Passive side soil constant 
 

No 
   

 Depth  
   ｍ    

Soil type 
       

  γ   
 kN/m3 

 φ  
degree

  

  Ｃ   
 kN/m2 

Σγｈ+Ｑp 
   kN/m2   

γwｈw 
 kN/m2 

  ｋ   
 (ｋ') 

  θ   
 degree 

  

  Ｋp    
         

  Ｋp    
 ×cosδ 

 3 
   

 8.00～  
   15.37 

sandy 
 soil 

       

 10.00 
       

25.0 
     

─── 
─── 

     0.000 
    73.700 

  0.00 
 73.70 

 0.160 
 0.160 

  9.09 
  9.09 

 2.19428 
 2.19428 

 2.19428 
 2.19428 

 4 
   

15.37～  
   21.37 

cohesive
 soil 

       

  9.00 
       

 0.0 
     

  79.0 
  79.0 

    73.700 
   127.700 

 73.70 
133.70 

 0.162 
 0.162 

  9.22 
  9.22 

──── 
──── 

──── 
──── 

 5 
   

21.37～  
   30.00 

sandy 
 soil 

       

 10.00 
       

38.0 
     

─── 
─── 

   127.700 
   214.000 

133.70 
220.00 

 0.163 
 0.163 

  9.25 
  9.25 

 3.85788 
 3.85788 

 3.85788 
 3.85788 

 

     
    ・Coefficient of sandy soil passive earth pressure（Ｋp）is obtained by following formula 
        δ＝0.00degree、β＝0.00degree 
        compound angle θ＝tan-1k 
     

  
     

2-2-3 Lateral earth pressure 
 

   
No 
   
   

         
 Depth  

         
   ｍ    

           Passive side        
    

Residual water
 pressure 

 Passive side
  

  Ｐa1   
  kN/m2  

  Ｐa2   
  kN/m2  

  Ｐa    
  kN/m2  

  Ｐw    
  kN/m2  

  Ｐp    
  kN/m2  

 1 
   

 0.00～  
    1.20 

    1.91 
   10.65 

──── 
──── 

    1.91 
   10.65 

──── 
──── 

──── 
──── 

 2 
   

 1.20～  
    8.00 

   11.50 
   39.62 

──── 
──── 

   11.50 
   39.62 

    0.00 
    0.00 

──── 
──── 

 3 
   

 8.00～  
   15.37 

   49.01 
   86.71 

──── 
──── 

   49.01 
   86.71 

    0.00 
    0.00 

    0.00 
  161.72 

 4 
   

15.37～  
   21.37 

   38.67 
  102.18 

   84.75 
  111.75 

   84.75 
  111.75 

    0.00 
    0.00 

  231.70 
  285.70 

 5 
   

21.37～  
   30.00 

   72.27 
  100.18 

──── 
──── 

   72.27 
  100.18 

    0.00 
    0.00 

  492.65 
  825.59 

 

     
    ・Calculation formula of passive earth pressure   

     
 
 
 
 
 
 
 
 
 
 
 
 
 

 
    ・Calculation formula of passive earth pressure   
     

        砂質土  Ｐp＝Ｋp・[Σγｈ + 
Ｑ

cos(-β)
]・cosδ

        粘性土  Ｐp＝Σγｈ+Ｑ+２Ｃ

        中間土  Ｐp＝[ Ｋp(Σγｈ+Ｑ)+２Ｃ Ｋp ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 

        砂質土  Ｐa1＝Ｋa・[Σγｈ + 
Ｑ

cos (-β)
]・cosδ

    

        粘性土  Ｐa1＝
(Σγｈ+Ｑ)・sin(θ+ζ)

cosθ・sinζ
 - 

Ｃ

cosζ・sinζ
    
                Ｐa2＝Ｋc・(Σγｈ+Ｑ)
                Ｋc：圧密平衡係数、Ｋc＝0.50
                Ｐa1、Ｐa2 のいずれか大きい値をとり、主働土圧（Ｐa）とする。
    

        中間土  Ｐa1＝[ Ｋa(Σγｈ+Ｑ)-２Ｃ Ｋa ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 

3 Calculation of penetration depth 
     
    Penetration depth of sheet pile wall is the depth from the design basement whereＦs×(ΣＭａ＋ΣＭｗ

＋ΣＭｄｗ＋ΣＭｔ)≦ΣＭｐ is established. 
     
    where, 
        ΣＭａ  ：Moment by active earth pressure 
        ΣＭｗ  ：Moment by residual water pressure 
        ΣＭｐ  ：Moment by passive earth pressure 
        ΣＭｄｗ：Moment by dynamic water pressure during earthquake 
        ΣＭｔ  ：Moment by arbitrary load 
         Ｆｓ   ：Safety factor（Normal condition＝1.50、Seismic condition＝1.20） 
     

3-1 Normal condition   
     
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
   
 Moment around the tie-rod point is calculated supposing that penetration depth is 14.14 ｍ 
     

3-1-1 Moment by active earth pressure 
 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐa   
  kN/m2  

    Ｓa    
   kN/m    

   Ｙ    
   ｍ    

    Ｍa    
  kN･m/m   

 1 
   

sandy 
 soil 

       

 0.00～  
    1.00 

    3.33 
    9.67 

    1.67   
    4.83   

   -0.67 
   -0.33 

     -1.11 
     -1.61 

 2 
   

sandy  
soil 

       

 1.00～  
    2.65 

    9.67 
   20.12 

    7.98   
   16.60   

    0.55 
    1.10 

      4.39 
     18.26 

 3 
   

sandy 
 soil 

       

 2.65～  
    8.00 

   20.12 
   37.95 

   53.81   
  101.52   

    3.43 
    5.22 

    184.75 
    529.58 

 4 
   

sandy  
soil 

       

 8.00～  
   15.37 

   46.21 
   76.12 

  170.27   
  280.50   

    9.46 
   11.91 

   1610.21 
   3341.66 

 5 
   

cohesive
 soil 

       

15.37～  
   21.37 

   93.78 
  120.78 

  281.33   
  362.33   

   16.37 
   18.37 

   4605.29 
   6655.91 

 6 
   

sandy  
soil 

       

21.37～  
   22.14 

   57.46 
   59.28 

   22.02   
   22.72   

   20.63 
   20.88 

    454.26 
    474.48 

Total moment by active earth pressure                ΣＭa＝   17876.07 
 

9.67 
3.33 

20.12 

37.95 

181.59 76.12 

46.21 

285.70 

231.70 

120.78 

93.78 

569.04 
536.82 

59.28 
57.46 

53.50 

10.00 

0.77 

6.00 

7.37 

5.35 

1.65 

1.00 

1 層 8.00 

2 層 7.37 

3 層 6.00 

受働土圧 主働土圧 残留水圧 Passive earth pressure Active earth pressure Residual water pressure 

Layer 1 

Layer 2 

Layer 3 

A-313



              Ｐa：Active earth pressure 
              Ｓa：Horizontal force by active earth pressure（Ｓa＝Ｐa×Thickness of layer／２） 
              Ｙ ：Arm length from tie-rod 
              Ｍa：Moment by active earth pressure（Ｍa＝Ｓa×Ｙ） 
     

3-1-2 Moment by residual water pressure 
 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐw   
  kN/m2  

    Ｓw    
   kN/m    

   Ｙ    
   ｍ    

    Ｍw    
  kN･m/m   

 3 
   

sandy 
 soil 

       

 2.65～  
    8.00 

    0.00 
   53.50 

    0.00   
  143.11   

    3.43 
    5.22 

      0.00 
    746.57 

 4 
   

sandy  
soil 

       

 8.00～  
   15.37 

   53.50 
   53.50 

  197.15   
  197.15   

    9.46 
   11.91 

   1864.36 
   2348.68 

 5 
   

cohesive
 soil 

       

15.37～  
   21.37 

   53.50 
   53.50 

  160.50   
  160.50   

   16.37 
   18.37 

   2627.39 
   2948.39 

 6 
   

sandy  
soil 

       

21.37～  
   22.14 

   53.50 
   53.50 

   20.51   
   20.51   

   20.63 
   20.88 

    422.95 
    428.19 

Total moment by residual water pressure            ΣＭw＝   11386.52 
 

              Ｐw：Residual water pressure 
              Ｓw： Horizontal force by residual water pressure（Ｓw＝Ｐw×Thickness of layer／２） 
              Ｙ ：Arm length from tie-rod 
              Ｍw：Moment by residual water pressureＭw＝Ｓw×Ｙ） 
     

3-1-3 Moment by passive earth pressure 
 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐp   
  kN/m2  

    Ｓp    
   kN/m    

   Ｙ    
   ｍ    

    Ｍp    
  kN･m/m   

 4 
   

sandy  
soil 

       

 8.00～  
   15.37 

    0.00 
  181.59 

    0.00   
  669.16   

    9.46 
   11.91 

      0.00 
   7971.93 

 5 
   

cohesive
 soil 

       

15.37～  
   21.37 

  231.70 
  285.70 

  695.10   
  857.10   

   16.37 
   18.37 

  11378.79 
  15744.93 

 6 
   

sandy  
soil 

       

21.37～  
   22.14 

  536.82 
  569.04 

  205.76   
  218.11   

   20.63 
   20.88 

   4243.87 
   4554.37 

Total moment by passive earth pressure              ΣＭp＝   43893.89 
Sum of passive earth pressure                   ΣＳp＝    2645.23 

 

              Ｐp：Passive earth pressure 
              Ｓp：Horizontal force by passive earth pressure（Ｓp＝Ｐp×Thickness of layer／２） 
              Ｙ ：Arm length from tie-rod 
              Ｍp：Moment by passive earth pressure（Ｍp＝Ｓp×Ｙ） 
     

3-1-4 Penetration depth 
     
    Ｆs×(ΣＭa＋ΣＭw)－ΣＭp＝1.50×(17876.07＋11386.52)－43893.89＝0 
        Penetration depth  Ｄ ＝ 14.14 ｍ 
     

3-2 Seismic condition 

  
 
   Moment around the tie-rod point is calculated supposing that penetration depth is 7.58 ｍ 
     

3-2-1 Moment by active earth pressure 
 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐa   
  kN/m2  

    Ｓa    
   kN/m    

   Ｙ    
   ｍ    

    Ｍa    
  kN･m/m   

 1 
   

sandy  
soil 

       

 0.00～  
    1.00 

    1.91 
    9.19 

    0.96   
    4.60   

   -0.67 
   -0.33 

     -0.64 
     -1.53 

 2 
   

sandy  
soil 

       

 1.00～  
    1.20 

    9.19 
   10.65 

    0.92   
    1.06   

    0.07 
    0.13 

      0.06 
      0.14 

 3 
   

sandy  
soil 

       

 1.20～  
    8.00 

   11.50 
   39.62 

   39.09   
  134.71   

    2.47 
    4.73 

     96.43 
    637.63 

 4 
   

sandy  
soil 

       

 8.00～  
   15.37 

   49.01 
   86.71 

  180.59   
  319.53   

    9.46 
   11.91 

   1707.83 
   3806.65 

 5 
   

cohesive
 soil 

       

15.37～  
   15.58 

   84.75 
   85.70 

    8.90   
    9.00   

   14.44 
   14.51 

    128.50 
    130.56 

Total moment by active earth pressure                ΣＭa＝    6505.63 
 

              Ｐa：Active earth pressure 
              Ｓa：Horizontal force by active soil pressure（Ｓa＝Ｐa×Thickness of layer／２） 
              Ｙ ：Arm length from tie-rod 
              Ｍa：Moment by active earth pressure（Ｍa＝Ｓa×Ｙ） 
     

3-2-2 Moment by residual water pressure 
 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐw   
  kN/m2  

    Ｓw    
   kN/m    

   Ｙ    
   ｍ    

    Ｍw    
  kN･m/m   

 3 
   

sandy 
 soil 

       

 1.20～  
    8.00 

    0.00 
    0.00 

    0.00   
    0.00   

    2.47 
    4.73 

      0.00 
      0.00 

 

9.19 

1.91 

10.65 

39.62 

11.50 

161.72 86.71 

49.01 

233.59 231.70 85.70 84.75 

5.00 

0.21 

7.37 

6.80 

0.20 

1.00 

1 層 8.00 

2 層 7.37 

受働土圧 主働土圧 残留水圧 Passive earth pressure Active earth pressure Residual water pressure 

Layer 1 

Layer 2 

A-314



 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐw   
  kN/m2  

    Ｓw    
   kN/m    

   Ｙ    
   ｍ    

    Ｍw    
  kN･m/m   

 4 
   

sandy 
 soil 

       

 8.00～  
   15.37 

    0.00 
    0.00 

    0.00   
    0.00   

    9.46 
   11.91 

      0.00 
      0.00 

 5 
   

cohesive
 soil 

       

15.37～  
   15.58 

    0.00 
    0.00 

    0.00   
    0.00   

   14.44 
   14.51 

      0.00 
      0.00 

Total moment by residual water pressure             ΣＭw＝       0.00 
 

              Ｐw：Residual water pressure 
              Ｓw：Horizontal force by residual water pressure（Ｓw＝Ｐw×Thickness of layer／２） 
              Ｙ ：Arm length from tie-rod 
              Ｍw：Moment  by residual water pressure（Ｍw＝Ｓw×Ｙ） 
     

3-2-3 Moment by passive earth pressure 
 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐp   
  kN/m2  

    Ｓp    
   kN/m    

   Ｙ    
   ｍ    

    Ｍp    
  kN･m/m   

 4 
   

sandy 
 soil 

       

 8.00～  
   15.37 

    0.00 
  161.72 

    0.00   
  595.93   

    9.46 
   11.91 

      0.00 
   7099.55 

 5 
   

cohesive
 soil 

       

15.37～  
   15.58 

  231.70 
  233.59 

   24.33   
   24.53   

   14.44 
   14.51 

    351.31 
    355.90 

Total moment by passive earth pressure             ΣＭp＝    7806.76 
Sum of passive earth pressure                      ΣＳp＝     644.79 

 

              Ｐp：Passive earth pressure 
              Ｓp：Horizontal force by passive earth pressure（Ｓp＝Ｐp×Thickness of layer／２） 
              Ｙ ：Arm length from tie-rod 
              Ｍp：Moment by passive earth pressure（Ｍp＝Ｓp×Ｙ） 
     
 

3-2-4 Penetration depth 
     
    Ｆs×(ΣＭa＋ΣＭw)－ΣＭp＝1.20×(6505.63＋0.00)－7806.76＝0 
        Penetration depth  Ｄ ＝ 7.58 ｍ 
     

3-3 Total sheet pile length 
     
    Penetration depth（Ｄ) is  
        Normal condition  ;    Ｄ ＝ 14.14 ｍ 
        Seismic condition  ;  Ｄ ＝  7.58 ｍ 
        Ｌ ＝ (8.00－0.70)＋14.14 ＝ 21.44 ｍ  
             Total sheet pile length= 21.50 ｍ 
     

9.67 

3.33 

20.12 

37.95 53.50 

9.67 

3.33 

20.12 

91.45 

10.00 

5.35 

1.65 

1.00 

1 層 8.00 

受働土圧 主働土圧 残留水圧 側圧 

4 Calculation of section force 
      
    Section force is calculated as the simple beam between tie-rod and design base level. 
      

4-1 Normal condition 

  
     

4-1-1 Lateral pressure 
 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐa   
  kN/m2  

   Ｐw   
  kN/m2  

   Ｐp   
  kN/m2  

   Ｐs   
  kN/m2  

   Ｓ    
  kN/m   

   Ｙ    
   ｍ    

    Ｍ     
  kN･m/m   

 1 
   

sandy  
soil 

       

 0.00～  
    1.00 

    3.33 
    9.67 

──── 
──── 

──── 
──── 

    3.33 
    9.67 

    1.67 
    4.83 

   -0.67 
   -0.33 

     -1.11 
     -1.61 

 2 
   

sandy  
soil 

       

 1.00～  
    2.65 

    9.67 
   20.12 

──── 
──── 

──── 
──── 

    9.67 
   20.12 

    7.98 
   16.60 

    0.55 
    1.10 

      4.39 
     18.26 

 3 
   

sandy 
 soil 

       

 2.65～  
    8.00 

   20.12 
   37.95 

    0.00 
   53.50 

──── 
──── 

   20.12 
   91.45 

   53.81 
  244.63 

    3.43 
    5.22 

    184.75 
   1276.15 

                                                        ΣＳ＝  329.51      ΣＭ＝   1480.82 
 

              Ｐa：Active earth pressure 
              Ｐw：Residual water pressure 
              Ｐp：Passive earth pressure 
              Ｐs：Lateral pressure intensity（Ｐs＝Ｐa＋Ｐw－Ｐp≧０） 
              Ｓ ：Lateral pressure（Ｓ＝Ｐs×Thickness of layer／２） 
              Ｙ ：Depth from tie-rod 
              Ｍ ：Moment by lateral pressure（Ｍ＝Ｓ×Ｙ） 
     

4-1-2 Support reaction and maximum bending moment 
         
         Rb＝211.55 kN, Ra=117.97kN 
       Mmax=283.19 kNm/m   
       
     

Passive earth pressure Active earth pressure Residual water pressure 

Layer 1 

A-315



9.19 

1.91 

10.65 

39.62 

11.50 

9.19 

1.91 

10.65 

39.62 

11.50 

5.00 

6.80 

0.20 

1.00 

1 層 8.00 

受働土圧 主働土圧 残留水圧 側圧 

4-2 Seismic condition 

  
     

4-2-1 Lateral pressure 
 

No 
   

Soil type 
       

 Depth  
   ｍ    

   Ｐa   
  kN/m2  

   Ｐw   
  kN/m2  

   Ｐp   
  kN/m2  

   Ｐs   
  kN/m2  

   Ｓ    
  kN/m   

   Ｙ    
   ｍ    

    Ｍ     
  kN･m/m   

 1 
   

sandy  
soil 

       

 0.00～  
    1.00 

    1.91 
    9.19 

──── 
──── 

──── 
──── 

    1.91 
    9.19 

    0.96 
    4.60 

   -0.67 
   -0.33 

     -0.64 
     -1.53 

 2 
   

sandy 
 soil 

       

 1.00～  
    1.20 

    9.19 
   10.65 

──── 
──── 

──── 
──── 

    9.19 
   10.65 

    0.92 
    1.06 

    0.07 
    0.13 

      0.06 
      0.14 

 3 
   

sandy 
 soil 

       

 1.20～  
    8.00 

   11.50 
   39.62 

    0.00 
    0.00 

──── 
──── 

   11.50 
   39.62 

   39.09 
  134.71 

    2.47 
    4.73 

     96.43 
    637.63 

                                                        ΣＳ＝  181.34      ΣＭ＝    732.09 
 

              Ｐa：Active earth pressure 
              Ｐw：Residual water pressure intensity 
              Ｐp：Passive earth pressure 
              Ｐs：Lateral pressure intensity（Ｐs＝Ｐa＋Ｐw－Ｐp≧０） 
              Ｓ ：Lateral pressure（Ｓ＝Ｐs×Thickness of layer／２） 
              Ｙ ：Depth from tie-rod 
              Ｍ ：Moment by lateral pressure（Ｍ＝Ｓ×Ｙ） 
     

4-2-2 Support reaction and maximum bending moment 
     
         Rb＝104.58 kN, Ra=76.76kN 
       Mmax=154.42 kNm/m 
 
 
 
 

Passive earth pressure Active earth pressure Residual water pressure 

Layer 1 

         Ｔp ＝ Ｒa・ｌ・secθ
             ＝ 117.97×2.40×sec0.00000°＝ 283.12 kN

         ｄr ＝ 
4Ｔp

σaπ
＋2ｔc ＝ 

4・283.12×103

176・π
＋2・0.00 ＝ 45.3 mm

         Ｔp ＝ Ｒa・ｌ・secθ
             ＝ 76.76×2.40×sec0.00000°＝ 184.21 kN

         ｄr ＝ 
4Ｔp

σaπ
＋2ｔc ＝ 

4・184.21×103

264・π
＋2・0.00 ＝ 29.8 mm

         Ａt ＝ 
π

4
(46－2・0.00)2 ＝ 1662 mm2

          σ ＝ 
Ｔp

Ａt

 ＝ 
283.12×103

1662
 ＝ 170 N/mm2  ≦ σa ＝ 176 N/mm2   

    

          σ ＝ 
Ｔp

Ａt

 ＝ 
184.21×103

1662
 ＝ 111 N/mm2  ≦ σa ＝ 264 N/mm2   

    

5 Calculation of stress intensity 
     
     
        Material                  PU18                      
        Corrosion allowance       ｔ1＝0.00 mm (front side)   ｔ2＝0.00 mm (back side) 
        Corrosion ratio           η ＝1.00 
        Joint efficiency           μ ＝1.00 
        Modulus of section       Ｚ0＝   1800 cm3（before reduction） 
                               Ｚ ＝   1800 cm3（after reduction considering corrosion and joint） 
     

5-1 Normal condition 
 

     
   

5-2 Seismic condition   
     

        
 
6 Calculation of Tie-rod 
     
        Horizontal intervals of tie-rod                ＝  2.40    ｍ 
        Horizontal angle of tie-rod                 θ ＝  0.00000 degree 
        Corrosion allowance                     ｔc＝  0.00    mm 
     

6-1 Tie-rod tensile force and necessary diameter 
     

6-1-1 Normal condition 
     
    Tie-rod tensile force（Ｔp） 

  
     
    Necessary diameter（ｄr） 

  
     

6-1-2 Seismic condition 
     
    Tie-rod tensile force（Ｔp） 

  
     
    Necessary diameter（ｄr）は、 

  
     
     

6-2 Calculation of stress intensity 
     
    Tie-rod diameter φ46mm 
    Tie-rod section area after corrosion（Ａt） 

  
     

6-2-1 Normal condition 

  
6-2-2 Seismic condition   
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    Ｍmax ＝ 
1

 10 
Ｒa・ｌ2 ＝ 

1

 10 
117.97×2.402 ＝ 67.95 kN･m

    Ｍmax ＝ 
1

 10 
Ｒa・ｌ2 ＝ 

1

 10 
76.76×2.402 ＝ 44.21 kN･m

7 Wale 
     
    Horizontal intervals of tie-rod                      ＝  2.40 ｍ 
     

7-1 Maximum bending moment 
     

7-1-1 Normal condition 

       
     

7-1-2 Seismic condition 

       
7-2 Calculation of stress intensity 

     
        Material              2 x UPN-220x80                              
        Corrosion allowance          ｔc＝0.00mm 
        Corrosion ratio              η ＝1.00 
        Modulus of section        Ｚ0＝   490 cm3（before reduction） 
                                Ｚ ＝   490 cm3（after reduction by corrosion allowance and joint） 
     

7-2-1 Normal condition 
       

          
 

7-2-2 Seismic condition 
     

             
     

        Ｋh ＝ 6910×Ｎ'0.406

        β＝ 4
Ｋh・Ｂ

４ＥＩ

8 Horizontal coefficient of subgrade reaction 
     

8-1 Horizontal coefficient of subgrade reaction  
     
    Horizontal coefficient of subgrade reaction 
     

  
     
     

  
     
        Material                PU12                      
        Unit length            Ｂ ＝1.00   m 
        Corrosion allowance       ｔ1＝0.00 mm (front side)    ｔ2＝0.00 mm (back side) 
        Corrosion ratio             η ＝1.00 
        Joint efficiency            μ ＝1.00 
        Young's modulus            Ｅ ＝  200000 N/mm2 

        Second section moment  Ｉ0＝   21600 cm4（before reduction） 
                               Ｉ ＝  21600 cm4（after reduction by corrosion allowance and joint） 
        ＥＩ＝ 200000×103×21600×10-8 ＝ 4.320×104 

     
 

No 
   

 Depth  
  ｍ   

 N-Value
  

       

 

No 
   

 Depth  
  ｍ   

 N-Value
  

       

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 

  1.00 
  2.00 
  3.00 
  4.00 
  5.00 
  6.00 
  7.00 
  8.00 
  8.87 
  9.87 

  8   
  8   
  8   
  8   
  8   
  8   
  8   
  8   
  11   
   5   

11 
12 
13 
14 
   
   
   
   
   
   

 10.87 
 11.87 
 12.87 
 13.87 
       
       
       
       
       
       

  10   
   8   
   8   
   9   
       
       
       
       
       
       

 

     
8-2 Normal condition 

     
    Assuming that Ｋh ＝ 16074 kN/m3 
         

     
     
 

No 
   
   

 Depth  
  Ｚ   
  ｍ   

Thickness
 of  

layer  
  ｈ   
  ｍ   

  N-value    Area  
   Ａ   
       

  top under 

 1   1.00   1.00 8.0 8.0    8.00 

 2   2.00   0.81 8.0 8.0     6.49 

   Ｌ＝Σｈ＝ 1.81       ΣＡ＝    14.49 
 

              Average N- value =8.00   
       

       
 Horizontal coefficient of subgrade reaction Ｋh （Normal condition）＝ 16074 kN/m3  
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8-3 Seismic condition 

     
    Assuming that Ｋh ＝ 16074 kN/m3 
     

     
 

No 
   
   

 Depth  
  Ｚ   
  ｍ   

 Thickness 
of layer  
  ｈ   
  ｍ   

  N-value     Area    
Ａ   

       top under 

 1 
 2 

  1.00 
  2.00 

  1.00 
  0.81 

8.0 
8.0 

8.0 
8.0 

   8.00 
   6.29 

   Ｌ＝Σｈ＝ 1.81       ΣＡ＝    14.49 
 

                     Average N- value =8.00 
 

       
       
    Horizontal coefficient of subgrade reaction Ｋh （Seismic condition）＝ 16074 kN/m3  
     
     

        β    ＝ 4
Ｋh・Ｂ

４ＥＩ

        Ｍmax ＝ －0.3224
Ｔ

β
 

        δ    ＝ 
Ｔ

２ＥＩβ3

9 Bracing sheet pile 
     
    Bracing sheet pile is calculated by Chang's formula 
  
        Type                    PU12                    
        Unit length              Ｂ ＝1.0000 m 
        Corrosion allowance       ｔ1＝0.00 mm (front side)    ｔ2＝0.00 mm (back side) 
        Corrosion ratio (againstＩ0)   η＝1.00 
        Corrosion ratio (against Ｚ0)  η＝1.00 
        Joint efficiency (against Ｉ0) μ＝1.00 
        Joint efficiency(againstＺ0)   μ＝1.00 
        Young's modulus            Ｅ ＝  200000 N/mm2 

        Second moment of area  Ｉ0＝   21600 cm4（before reduction） 
                               Ｉ ＝   21600 cm4（after reduction by corrosion allowance and joint） 
        Modulus of section   Ｚ0＝    1200 cm3（before reduction） 
                            Ｚ ＝   1200 cm3（after reduction by corrosion allowance and joint） 
        ＥＩ＝ 200000×103×21600×10-8 ＝ 4.320×104 

     
9-1 Design horizontal force 

     
     
        Normal condition    Ｔ ＝ Ｒa ＝  117.97 kN/m 
        Seismic condition   Ｔ ＝ Ｒa ＝   76.75 kN/m 
     

9-2 Maximum bending moment and displacement （ Chang's method）  
     

  
     

  
     

  
     

9-2-1 Normal condition 
       
       
       
       
     
 
 
 
 
 
 
 
 
 
 

9-2-2 Seismic condition 
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9-3 Calculation of stress intensity 

     
9-3-1 Normal condition 

       

     
 
 

9-3-2 Seismic condition 
       

     
     

9-4 Penetration depth (Chang' formula）  
     
     

9-4-1 Normal condition 

       
     

9-4-2 Seismic condition 
       

     
 
        Ｌ ＝ Ｈu＋Ｄ ＝ 0.30＋5.43 ＝ 5.73 ｍ 
       Total length of Bracing works= 6.00 ｍ 
       

         

        ζ ＝ 90 － tan-1

－sin(φ+δ)+
cos(δ+θ)･sin(φ+δ)

sin(φ-θ)

cos(φ+δ)

        ζ＝tan-1 1 -
Σγｈ+2Ｑ

2Ｃ
・tanθ

10 Installation location of bracing works 
     
    
     

10-1 Normal condition 
 
 
 

    
 
   
     

10-1-1 Active collapse angle 
 

No 
   

   Depth    
     ｍ      

Soil  
type 

       

 φ  
degree

  

  δ   
 degree 

  

  Ｃ   
 kN/m2 

Σγｈ 
 kN/m2 

γwｈw 
 kN/m2 

  ｋ   
 (ｋ') 

  θ   
 degree 

  

  ζ   
 degree 

  

 1  8.00～ 2.65 sandy 
 soil 30.0   0.00 ─── ─── ─── ─── ───  60.00 

 2  2.65～ 1.00 sandy 
 soil 30.0   0.00 ─── ─── ─── ─── ───  60.00 

 

     
    ・sandy soil :Active collapse angle 

  
     
    ・cohesive soil :Active collapse angle 
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        ζ＝ 90 － tan-1

sin(φ-δ)+
cos(δ-θ)･sin(φ-δ)

sin(φ-θ)

cos(φ-δ)

   where, 
        ζ：Active collapse angle       (degree)    (ζ≧10.00°) 
        φ：Internal friction angle       (degree) 
        δ：Angle of wall friction       (degree) 
        θ：Compound angle during earthquake       (degree) 
            θ＝tan-1ｋ、or θ＝tan-1ｋ’ 
        γ：Unit weight of soil (kN/m3)  
        ｈ：Thickness of layer             (m) 
        Ｑ：Overburden load         (kN/m2) 
        Ｃ：Adhesion of soil       (kN/m2) 
     

10-1-2 Passive collapse angle 
 

No 
   

   Depth    
     ｍ      

Soil type 
       

 φ  
degree

  

  δ   
 degree 

  

  Ｃ   
 kN/m2 

Σγｈ 
 kN/m2 

γwｈw 
 kN/m2 

  ｋ   
 (ｋ') 

  θ   
 degree 

  

  ζ   
 degree 

  

 1  2.90～ 2.65 sandy  
soil 30.0   0.00 ─── ─── ─── ─── ───  30.00 

 2  2.65～ 1.00 sandy  
soil 30.0   0.00 ─── ─── ─── ─── ───  30.00 

 

     
    ・sandy soil: Passive collapse angle 

  
     
    ・cohesive soil: Passive collapse angle  
        Passive collapse angle is 45degree. 
     
   where 
        ζ：Passive collapse angle       (degree)    (sandy soilζ≧10.00°) 
        φ：Internal friction angle       (degree) 
        δ：Angle of wall friction       (degree) 
        θ：Compound angle during earthquake       (degree) 
            θ＝tan-1ｋ、or、θ＝tan-1ｋ’ 
        γ：Unit weight of soil (kN/m3) 
        ｈ：Thickness of layer             (m) 
        Ｑ：Overburden load         (kN/m2) 
        Ｃ：Adhesion of soil       (kN/m2) 
     

10-1-3 Review of Installation position  
     
 

   
No 
   
   

   Depth    
             
             
    (ｍ)     

 height  
       
  Ｙ   
 (ｍ)  

Thickness 
of layer  
       
  Ｚ   
 (ｍ)  

  Passive collapse line  
     

    Passive collapse line  
    

 ζa   
(degre

e)  

 ｄＸ  
 (ｍ)  

 ΣＸ  
 (ｍ)  

 ζp   
 (degree)

  

 ｄＸ  
 (ｍ)  

 ΣＸ  
 (ｍ)  

 1 
 2 
 3 
 4 

 1.00～ 2.65 
 2.65～ 2.90 
 2.90～ 8.00 
        8.00 

  7.00 
  5.35 
  5.10 
  0.00 

 1.65  
 0.25  
 5.10  
 ──  

60.00  
60.00  
60.00  
 ──  

 0.95  
 0.14  
2.95  

 ──  

 4.04  
 3.09  
 2.95  
 0.00  

30.00  
30.00  
 ──  
 ──  

 2.86  
 0.43  
 ──  
 ──  

 4.04  
 6.90  
 7.33  
 ──  

 

              ｄＸ：Width of collapse line（ｄＸ＝Ｚ･cotζ） 
              ΣＸ：Distance from front sheet pile  
     
           Installation location    ｄ＝6.33 ｍ or more is necessary（Normal condition） 
     
     

        ζ ＝ 90 － tan-1

－sin(φ+δ)+
cos(δ+θ)･sin(φ+δ)

sin(φ-θ)

cos(φ+δ)

        ζ＝tan-1 1 -
Σγｈ+2Ｑ

2Ｃ
・tanθ

10-2 Seismic condition 
 
 

 
 
   
     

10-2-1 Active collapse angle 
 

No 
   

   Depth    
     ｍ      

Soil type 
       

 φ  
degree

  

  δ   
 degree 

  

  Ｃ   
 kN/m2 

Σγｈ 
 kN/m2 

γwｈw 
 kN/m2 

  ｋ   
 (ｋ') 

  θ   
degree   

  ζ   
degree   

 1  8.00～ 1.20 sandy 
 soil 30.0   0.00 ─── ───  68.00  0.124   7.07  54.03 

 2  1.20～ 1.00 sandy  
soil 30.0   0.00 ─── ─── ───  0.080   4.57  56.31 

 

     
    ・sandy soil: Active collapse angle 

  
     
    ・cohesive soil :Active collapse angle 

  
     
    where 
        ζ：Active collapse angle       (degree)    (ζ≧10.00°) 
        φ：Internal friction angle       (degree) 
        δ：Angle of wall friction       (degree) 
        θ：Compound angle during earthquake       (degree) 
            θ＝tan-1ｋorθ＝tan-1ｋ’ 
        γ：Unit weight of soil (kN/m3)  
        ｈ：Thickness of layer             (m) 
        Ｑ：Overburden load         (kN/m2) 
        Ｃ：Adhesion of soil       (kN/m2) 
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        ζ＝ 90 － tan-1

sin(φ-δ)+
cos(δ-θ)･sin(φ-δ)

sin(φ-θ)

cos(φ-δ)

10-2-2 Passive collapse angle 
 

No 
   

   Depth    
     ｍ      

Soil type 
       

 φ  
degree

  

  δ   
 degree 

  

  Ｃ   
 kN/m2 

Σγｈ 
 kN/m2 

γwｈw 
 kN/m2 

  ｋ   
 (ｋ') 

  θ   
 degree 

  

  ζ   
 degree 

  

 1  2.90～ 1.20 sandy  
soil 30.0   0.00 ─── ───  16.96  0.128   7.29  27.93 

 2  1.20～ 1.00 sandy  
soil 30.0   0.00 ─── ─── ───  0.080   4.57  28.77 

 

     
    ・sandy soil :Passive collapse angle 

  
     
    ・cohesive soil :Passive collapse angle  
        Passive collapse angle is 45degree. 
     
    where 
        ζ：Passive collapse angle       (degree)    (sandy soilζ≧10.00°) 
        φ：Internal friction angle       (degree) 
        δ：Angle of wall friction       (degree) 
        θ：Compound angle during earthquake       (degree) 
            θ＝tan-1ｋ、orθ＝tan-1ｋ’ 
        γ：Unit weight of soil (kN/m3)  
        ｈ：Thickness of layer             (m) 
        Ｑ：Overburden load         (kN/m2) 
        Ｃ：Adhesion of soil       (kN/m2) 
     

10-2-3 Review of Installation position 
     
     
 

   
No 
   
   

   Depth    
             
             
    (ｍ)     

Height  
       
  Ｙ   
 (ｍ)  

 Thickness
 of layer  

       
  Ｚ   
 (ｍ)  

   Passive collapse line 
      

    Passive collapse line  
     

 ζa   
 (degree)

  

 ｄＸ
  

 (ｍ)  

 ΣＸ  
 (ｍ)  

 ζp   
 (degree)

  

 ｄＸ  
 (ｍ)  

 ΣＸ  
 (ｍ)  

 1 
 2 
 3 
 4 

 1.00～ 1.20 
 1.20～ 2.90 
 2.90～ 8.00 
        8.00 

  7.00 
  6.80 
  5.10 
  0.00 

 0.20  
 1.37  
 5.43  
 ──  

56.31  
54.03  
54.03  
 ──  

  
 0.13  
 1.23  
 3.70  
 ──

  

 5.07  
 4.94  
 3.70  
 0.00  

28.77  
27.93  
 ──  
 ──  

 0.36  
 3.20  
 ──  
 ──  

 5.07  
 5.43  
 8.63  
 ──  

 

               ｄＸ：Width of collapse line（ｄＸ＝Ｚ･cotζ） 
              ΣＸ：Distance from front sheet pile  
     
        Installation location ｄ＝8.63 ｍ or more is necessary（Seismic condition） 
     
     

10-3 Installation location 
     
    Installation position of Bracing works（ｄ）is, 
         Normal condition    ｄ＝ 7.33 ｍ  
         Seismic condition    ｄ＝ 8.63 ｍ 
     
                       --->   ｄ＝8.63 ｍ  
     

11 Calculation results 
     
    Front sheet pile                 PU18                       
 

  
   Normal condition  

      
   Seismic condition  

     

 

Second moment of area 
Modulus of section  
Max. bending moment 
Stress intensity      
Penetration depth       
Total length           

Ｉ   (cm4)     
Ｚ   (cm3)     
Ｍmax(kN･m/m)  
σ   (N/mm2)   
Ｄ   (m)       
Ｌ   (m)       

   38650 
    1800 
         
         
         
  21.50  

                   
                   
   283.19          
      157 ( 165)   
    14.14          
                   

                   
                   
   154.42          
       86 ( 190)   
     7.58          
                   

 

     
    tie-rod               φ46mm 
 

  
   Normal condition  

      
  Seismic condition   

    
 

Tensile force        
Stress intensity       

Ｔp  (kN)    
σ   (N/mm2)     283.12          

      170 ( 176)   
   184.21          
      111 ( 264)   

 

     
    Wale                   2 x UPN-220x80                           
 

  
   Normal condition  

      
 Seismic condition    

   

Modulus of section   
Max. bending moment 
Stress intensity       

Ｚ   (cm3)   
Ｍmax(kN･m)  
σ   (N/mm2) 

     490 
         
         

                   
    67.95          
      139 ( 140)   

                   
    44.21          
       90 ( 210)   

 

     
    Bracing sheet pile                PU12                      
 

  
   Normal condition  

      
  Seismic condition   

    

 

Second moment of area 
Modulus of section     
Max. bending moment 
stress intensity         
Horizontal displacement  
penetration depth  
Total length            

Ｉ   (cm4)   
Ｚ   (cm3)   
Ｍmax(kN･m)  
σ   (N/mm2) 
δ   (mm)    
Ｄ   (m)     
Ｌ   (m)     

   21600 
    1200 
         
         
         
         
   6.00  

                   
                   
    68.87          
       57 ( 165)   
     8.11 ( 50.00) 

     5.43          
                   

                   
                   
    44.81          
      37 ( 190)   
     5.27 ( 75.00) 

     5.43          
                   

 

     
    Bracing works Installation position 
 

  
    Normal condition 

       
  Seismic condition   

    
 

Bracing works 
Installation position     ｄ   (m)             7.33               8.63        
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Structural calculation of steel sheet pile works (Type A)

－ During construction －

<Cantilevered sheet pile wall>

 
1Design conditions 
     
1-1 Structural figure 
     
 
 
 
 
 
   
 

Depth Soil 
type 

(degree) 

Sandy 
soil 

Cohesive 
soil 

Sandy 
soil 

Sandy 
soil 

N-value 
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    根入れ長           Ｌ＝
π

β

                       Ｋh ＝ 6910×Ｎ'0.406

 
1-2 Structural dimensions 
     
    Design base level      Ｈ   ＝  8.00 ｍ 
    Overhang length        Ho  =   5.00m 
    Top of sheet pile       Ｈlt ＝  0.70 ｍ         
    Inside water level      Ｌwa ＝  5.00 ｍ(Normal condition)   
    Outside water level     Ｌwp ＝  5.00 ｍ(Normal condition)   
     
1-3 Calculation method 
     
    Calculation method           Chang's formula 
 

       
      
     
1-4 Design constants 
     
    Unit weight of water   γw＝ 10.0 kN/m3 

     
    Type of water pressure;      Trapezoid  shape 
     
    
     
1-5 Coefficient of horizontal subgrade reaction 
     
    Formula 

  
     
1-6 Overburden load 
     
     
    Active pressure side 
           Ｑa ＝  10.0 kN/m2 (Normal condition 
     
    Passive pressure side 
           Ｑp ＝   0.0 kN/m2 (Normal condition) 
     

Penetration depth 

1-7 Soil constants 
     
    Soil constants 
 

   
No 

   Depth  
ｍ   

Layer 
thickness 

 ｍ   

 1 
 2 
 3 
 4 

     8.00    
    15.37    
    21.37    
    30.00    

     3.00    
     7.37    
     6.00    
     8.63    

 
 

   
No 
   

 Depth 
       
  ｍ   

Soil 
type 
   

 N-value 
       
       

  γ   
       
 kN/m3 

  γ'  
       
 kN/m3 

 φ  
     
 Deg,

  

  Ｃ   
       
 kN/m2 

  ａ   
       
       

 1 
 2 
 3 
 4 

  8.00 
 15.37 
 21.37 
 30.00 

 S 
 S 
 C 
 S 

 8.0  
 9.0  
 13.0  
 44.0  

 19.00 
 19.00 
 18.00 
 19.00 

 10.00 
 10.00 
 9.00 
 10.00 

30.0 
25.0 
 0.0 
38.0 

   0.0 
   0.0 
 79.0 
  0.0 

   0.0 
   0.0 
   0.0 
   0.0 

 
             Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force            
              type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  ａ  ：Angle of adhesive force
       
              Ｎvalue：average value                      
               γ ：unit weight of humid soil                          
               γ'：unit weight of soil under the water                       
               φ ：internal friction angle                                           
     
    
     
1-8 Steel sheet pile 
     
    Material                PU18                     
    Young's modulus        Ｅ ＝  200000 N/mm2 

    Second moment of area  Ｉ0＝   38650 cm4（before corrosion） 
    Section modulus         Ｚ0＝    1800 cm3（before corrosion） 
     
    Corrosion allowance      ｔ1＝0.00 mm (Front side)    ｔ2＝0.00 mm (Back side) 
    Corrosion ratio(against Ｉ0)  η＝1.00 
    Corrosion ratio(against Ｚ0)  η＝1.00 
    Efficiency of joint(againstＩ0) µ＝1.00 
    Efficiency of joint(againstＺ0) µ＝1.00 
     
     
    Allowable stress intensity     σa ＝165 N/mm2（Normal condition） 
     
    Allowable Displacement      δa ＝ 50.0 mm（Normal condition） 
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        Ｋa ＝ 
cos2(φ-θ)

cosθ・cos(δ+θ)・ 1+
sin(φ+δ)・sin(φ-β-θ)

cos(δ+θ)・cos(-β)

2

 
2 Calculation of lateral pressure 
     
2-1 Normal condition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
     
     
2-1-1 Active side Soil constants 
 

  Depth  
   ｍ    

Soil  
type 

       

  γ   
 kN/m

3 

 φ  
 Deg

  

  Ｃ   
 kN/m2 

Σγｈ+Ｑa 
   kN/m2 

  

  Ｋa    
         

  Ｋa    
 ×cos  

 1 
   

 0.00～  
    5.00 

 
   

 
   

 
       

    
     
     

     
     

     
     

 2 
   

 5.00～  
    8.00 

Sandy  
soil 

       

   
10.0 

      

30.0 
     

    
    

    10.000 
    40.000 

 0.33333 
 0.33333 

 0.33333 
 0.33333 

 3 
   

 8.00～  
   15.37 

Cohesive
 soil 

       

 10.0 
      

 25.0
     

    
     

    40.000 
   113.700 

 0.40586 
 0.40586 

 0.40586 
 0.40586 

 4 
   

 15.37～ 
   20.29 

Cohesive
 soil 

       

   9.0 
      

   
     

 79.0 
 79.0 

   113.700 
   158.000 

     
     

     
     

 5 
   

 20.29～ 
   21.37 

Cohesive
 soil 

       

   9.0 
      

   
     

 79.0 
 79.0 

   158.000 
   167.700 

     
     

     
     

 6 
   

21.37～  
   30.00 

Sandy  
soil 

       

  10.0 
      

38.0 
     

    
    

   167.700 
   254.000 

 0.23788 
 0.23788 

  0.23788 
 0.23788 

 
     
    ・Coefficient of active soil pressure of Sandy soil （Ｋa） is, 
        δ＝0.00、β＝0.00、θ＝0.00 

  
     

Passive earth pressure Active earth pressure Residual water pressure 

Layer 1 

Layer 2 

        Ｋp ＝ 
cos2(φ-θ)

cosθ・cos(δ-θ)・ 1-
sin(φ-δ)・sin(φ+β-θ)

cos(δ-θ)・cos(-β)

2

2-1-2 Soil constants of passive side 
 

No 
   

 Depth  
   ｍ    

Soil type 
       

  γ   
 kN/m3 

 φ  
 Deg

  

  Ｃ   
 kN/m2 

Σγｈ+Ｑp 
   kN/m2 

  

  Ｋp    
         

  Ｋp    
 ×cos  

 3 
   

 8.00～  
   15.37 

Cohesive 
soil 

       

 10.0 
      

 25.0
     

    
     

     0.000 
   73.700 

 2.46391 
 2.46391 

 2.46391 
 2.46391 

 4 
   

 15.37～ 
   20.29 

Cohesive 
soil 

       

   9.0 
      

   
     

 79.0 
 79.0 

   73.700 
   118.000 

     
     

     
     

 5 
   

 20.29～ 
   21.37 

Cohesive 
soil 

       

   9.0 
      

   
     

 79.0 
 79.0 

   118.000 
   127.700 

     
     

     
     

6 21.37～  
   30.00 

Sandy  
soil 

       

  10.0 
      

38.0 
     

    
    

   127.700 
   214.000 

 4.20375
 4.20375 

 4.20375
 4.20375 

 
     
    ・Coefficient of passive soil pressure of Sandy soil（Ｋp）is, 
        δ＝0.00、β＝0.00、θ＝0.00 

  
     

2-1-3 Lateral pressure intensity 
 

   
No 
   
   

         
 Depth  

         
   ｍ    

           Active side    
        

 Residual water
 pressure  Passive side  

  Ｐa1   
  kN/m2  

  Ｐa2   
  kN/m2  

  Ｐa    
  kN/m2  

  Ｐw    
  kN/m2  

  Ｐp    
  kN/m2  

 1 
   

 0.00～  
    5.00 

      
     

     
     

      
     

     
     

     
     

 2 
   

 5.00～  
    8.00 

   3.33 
   13.33 

     
     

    3.33 
   13.33 

    0.00 
    0.00 

     
     

 3 
   

 8.00～  
   15.37 

16.23 
 46.15 

     
     

   16.23 
   46.15 

0.00 
0.00 

  0.00 
181.59 

 4 
   

 15.37～ 
   20.29 

   -44.30 
   0.00 

56.85 
79.00 

   56.85 
   79.00 

0.00 
0.00 

231.70 
276.00 

 5 
   

 20.29～ 
   21.37 

   0.00 
   9.70 

79.00 
83.85 

   79.00 
   83.85 

0.00 
0.00 

276.00 
285.70 

 6 
   

21.37～  
   30.00 

39.89 
60.42 

     
     

39.89 
60.42 

0.00 
0.00 

536.82 
899.60 

 
     
 
    ・Calculation formula of passive earth pressure   

     
 
 
 
 
 
 
 
 
 

    ・Calculation formula of passive earth pressure   
     
 
 
 
 
 
 
 

        砂質土  Ｐp＝Ｋp・[Σγｈ + 
Ｑ

cos(-β)
]・cosδ

        粘性土  Ｐp＝Σγｈ+Ｑ+２Ｃ

        中間土  Ｐp＝[ Ｋp(Σγｈ+Ｑ)+２Ｃ Ｋp ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 

        砂質土  Ｐa1＝Ｋa・[Σγｈ + 
Ｑ

cos (-β)
]・cosδ

        粘性土  Ｐa1＝Σγｈ+Ｑ-２Ｃ
                Ｐa2＝Ｋc・(Σγｈ+Ｑ)
                Ｋc：圧密平衡係数、Ｋc＝0.50
                Ｐa1、Ｐa2 のいずれか大きい値をとり、主働土圧（Ｐa）とする。
    

        中間土  Ｐa1＝[ Ｋa(Σγｈ+Ｑ)-２Ｃ Ｋa ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 
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3 Virtual ground level 
     
Virtual ground levelＬk is the depth which sum of active soil pressure and Residual water pressure and  
Passive soil pressure are balanced. 
     
3-1 Normal condition 
       
     
 

 
 
 
 
 
 
 
 

No 
   

 Depth  
   ｍ    

  Ｐa    
  kN/m2  

  Ｐw  
  

  kN/m2  

  Ｐp    
  kN/m2  

  Ｐs    
  kN/m2  

 1 
   

 0.00～  
    5.00 

     
     

     
     

     
     

     
       

 2 
   

 5.00～  
    8.00 

    3.33 
   13.33 

    0.00 
    0.00 

     
     

    3.33 
   13.33 

 3 
   

 8.00～  
   8.79 

   16.23 
   19.44 

    0.00 
    0.00 

  0.00 
  19.44 

 16.23 
 0.00 

  8.79～ 
   15.37 

19.44 
46.15 

    0.00 
    0.00 

19.44 
181.59 

0.00 
-135.44 

 
              Ｐa：Active soil pressure 
              Ｐw：Residual water pressure 
              Ｐp：Passive soil pressure 
              Ｐs：Lateral  pressure intensity         Ｐs＝Ｐa＋Ｐw－Ｐp 
     
        Virtual ground levelＬk ＝ 0.79 m (GL-3.79 m)     
     

       Passive earth pressure 
Active earth pressure 

Residual water pressure Lateral pressure 

Layer 1 

Layer 2 

        Ｄ＝Ｌk＋
 π 

β
        Ｌ＝Ｈ－Ｈlt＋Ｄ

        β＝ 4
Ｋh・Ｂ

４ＥＩ
        Ｋh ＝ 6910×Ｎ'0.406

4 Penetration depth 
   
     
        Material               PU18                       
        Unit width              Ｂ ＝1.0000   m 
        Corrosion allowance         not considered 
        Corrosion ratio              η ＝1.00 
        Efficiency of joint           µ ＝1.00 
        Young's modulus            Ｅ ＝  200000 N/mm2 

        Second moment of area  Ｉ0＝   38650 cm4（before reduction） 
                              Ｉ ＝   38650 cm4（after reduction by corrosion allowance and joint） 
        ＥＩ＝ 200000×103×38650×10-8 ＝ 7.730×104 

     
4-1 Penetration depth and total pile length（Chang） 

     

  
     
     
        ｘ ＝ ( hi× i ) ＋ ( hi+1 × i+1 ) ＋ ( hi+2 × i+2 ) ＋ ・ ・ ・＋ ( hn × n ) 
        where 
             ｘ：Ｌ＝ｘ/β , ｘ＝π  
     

4-1-1 Normal condition 
     
 

   
No 
   

   Depth    
     Ｚ    

  
     ｍ    

  

 Layer 
thickness

  
  ｈ   
  ｍ   

 N-value
  

       
       

  αＥ0  
         
  kN/m2

  

   Ｋh   
         
  kN/m3

  

   β    
         
   m-1   

 ｈ×   
         
   (-)   

 1  8.79～15.29  6.50   9.0          16862  0.48324  3.14159 

                                               Σ(ｈ× )＝  3.14159 

 
  
 
 
 
 
 
          Total length of sheet pile ＝15.00m  
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5 Calculation of section force and Displacement 
    
       Top ： free（horizontal, vertical and rotation :free） 
       Bottom ： pin（vertical ,horizontal: fix、rotation: free） 
   
    
  

5-1 Result of frame calculation  
     

5-1-1 Normal condition 
     
    Maximum bending Moment Ｍmax   
     
 
 
 
 
    Horizontal displacement at the ground     ＝   14.20  ≦   50.00 mm               
     
 
 
     

水平変位δｘ

鉛直変位δｙ
θ／２

θ

長
さ長
さ

δｙ=δｘ・ｔａｎ(θ／２)

Horizontal 
displacement 
 

Vertical 
displacement 
 

Length 
 

Length 
 

Depth 
 (m) 

Distance 
from 

top(m) 

Bending 
Moment 
(kNm/m) 

Shearing 
force 

(kN/m) 

Horizontal 
displacement 

(mm) 
Deflection angle 

(rad/103) 
 

Vertical 
displacement 

(mm) 

  S
ec

tio
n 

fo
rc

e 
an

d 
D

is
p

la
ce

m
e

nt
 

  
  

 
    

  
 

  

 
   

N
or
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al

 c
on
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n 
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em
en

t 
M
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en

t 
S
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L
at

er
al

 p
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e 
S

o
il 
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ng
 

D
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th
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5-2 Calculation of Stress intensity 

     
     
        Material                 PU18                        
        Corrosion allowance         ｔ1＝0.00 mm (Front side)   ｔ2＝0.00 mm (Back side) 
        Corrosion ratio              η ＝1.00 
        Efficiency of joint            µ ＝1.00 
        Section modulus      Ｚ0＝   1800 cm3（before reduction） 
                            Ｚ ＝   1800 cm3（after reduction by Corrosion allowance and joint) 
     

5-2-1 Normal condition   
 

       
 
 
6 Calculation results 
     
    Steel sheet pile              PU18                      
 

   Normal condition  

 

Second moment of area 
Section modulus          
Max. bending moment 
Horizontal displacement  
Penetration depth         
  
Total length of sheet pile 

Ｉ   (cm4)     
Ｚ   (cm3)     
Ｍmax(kN･m/m) 
σ   (N/mm2)   
δ   (mm)      
Ｄ   (m)      
Ｌ   (m)     

  

   38650 
    1800 
         
         
         
         
   15.0  

                   
                   
   63.69          
       35 ( 165)   
    14.20 ( 50.0)  

     7.29          
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 A-8-2 Structural calculation of steel sheet pile works (Type BL-1)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 8.00 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.65 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 8.00 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil
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1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 10.80 18
2 2.00 8 12 11.80 16
3 3.00 8 13 12.80 26
4 4.00 8 14 13.80 19
5 5.00 8 15 14.80 25
6 6.00 8    
7 7.00 8    
8 7.80 1    
9 8.80 4    
10 9.80 8    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 7.00 S 8 19.0 10.0 30.0 0.0 0.0
2 9.30 S 3 19.0 10.0 21.0 0.0 0.0
3 11.30 S 14 19.0 10.0 28.0 0.0 0.0
4 16.20 S 22 19.0 10.0 31.0 0.0 0.0
5 20.20 S 42 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38,650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,800cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-200×75
    
Modulus of section; 382  cm3
    
Corrosion ; considered（0.00mm）

Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2

（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

 φ

Soil constant

  Ｃ   ａ
type

 Depth   γ   γ'
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1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650   

Ｚ (cm3) 1800   

Ｍmax (kN･m/m)  

σ (N/mm2)  114 (165) 60 (190)

Ｄ (m)  

Ｌ (m) 16.5   

Tie-rod φ 42 mm

Tp (kN)
σ (N/mm2) 150 (176) 92 (264)

Waling  2×UPN-200×75

Z (cm3)  382
Ｍmax (kN･m)
σ (N/mm2) 130 (140) 80 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 42 (165) 26 (190)

Horizontal displacement δ  (mm) 5.93 (50.0) 3.65 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  

108.64

Total length 

Bracing works
Installation position

7.04 8.36

5.51

Total length

207.15 127.65
Stress intensity  

Max. bending moment

Seismic condition

49.72 30.63
Stress intensity  

Bracing sheet pile                 

Seismic condition

Modulus of section  
Max. bending moment

Footing depth 

Regular condition

Regular condition
Second moment　of area

50.39 31.05
Stress intensity

Max. bending moment

9.38

Tensile force

Stress intensity

Footing depth

Modulus of section

Regular condition Seismic condition

Regular condition Seismic condition

Regular condition Seismic condition

204.59

Second moment of area

Modulus of section 
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－ During construction －

Structural calculation of steel sheet pile works (Type BL-1)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 7.00 m
Protruction lemgth H0= 5.00
Top of sheet pile Hlt= 0.20 m
Inside water level Lwa= 7.00 m (Regular condition)
Outside water level Lwp= 7.00 m (Regular condition)
    

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil
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1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 7.00 2.00
2 9.30 2.30
3 11.30 2.00
4 16.20 4.90
5 20.20 4.00
6 30.00 9.80

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 7.00 S 8 19.0 10.0 30.0 0.0 0.0
2 9.30 S 3 19.0 10.0 21.0 0.0 0.0
3 11.30 S 14 19.0 10.0 28.0 0.0 0.0
4 16.20 S 22 19.0 10.0 31.0 0.0 0.0
5 20.20 S 42 19.0 10.0 37.0 0.0 0.0
6 30.00 S 41 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406

 
1-8 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1800 cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650  

Ｚ (cm3) 1800  
Ｍmax (kN･m/m)  
σ (N/mm2)  40  (165)

Horizontal displacement δ  (mm) 15.39  (50.0)
Ｄ (m)  
Ｌ (m) 14.50  

Second moment of area
Regular condition

Total length

Max. bending moment 72.86
Stress intensity

Footing depth 7.57

Modulus of section 

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)
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 A-8-3 Structural calculation of steel sheet pile works (Type BL-2)

<Cantilevered sheet pile wall>

 
      
1 Design conditions 
     
1-1 Structural figure 
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    根入れ長           Ｌ＝
π

β

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

    
1-2 Structural dimensions 
     
    Design base level      Ｈ   ＝3.50 ｍ         
    Top of sheet pile       Ｈlt ＝ 0.30 ｍ         
    Inside water level      Ｌwa ＝ 2.35 ｍ(Normal condition)   
                         Ｌwa'＝  0.70 ｍ(Seismic condition) 
    Outside water level    Ｌwp ＝  7.00 ｍ(Normal condition)   
                         Ｌwp'＝  0.70 ｍ(Seismic condition) 
     
1-3 Calculation method 
     
    Calculation method           Chang's formula 
 

       
      
     
1-4 Design constants 
     
    Unit weight of water   γw＝ 10.0 kN/m3 

     
    Type of water pressure;      trapezoid   
     
    Design seismic coefficient (in the air)  ｋ ＝ 0.080 
                           (under water)  Following formula proposed by Arai and Yokoi 
     

  
     
    Dynamic water pressure during earthquake;     Not considered 
     
    
    Cohesive soil collapse angle during earthquake; 

  
                
                        Ｋc＝0.50  
     
1-5 Coefficient of horizontal subgrade reaction 
     
    Formula 
  
     
1-6 Overburden load 
     
     
    Active pressure side 
           Ｑa ＝  10.0 kN/m2 (normal condition 
           Ｑa'＝   5.0 kN/m2 (seismic condition) 
     
    Passive pressure side 
           Ｑp ＝   0.0 kN/m2 (normal condition) 
           Ｑp'＝   0.0 kN/m2 (seismic condition) 
     

Footing depth 

1-7 Soil constants 
     
    Soil constants 
 

   
No 

   Depth  
ｍ   

Layer 
thickness 

 ｍ   
 1 
 2 
 3 
 4 
5 
6 

7.00 
9.30 
11.30 
16.20 
20.20 
30.00 

7.00 
2.30 
2.00 
4.90 
4.00 
9.80 

 
 

   
No 
   

 Depth 
       
  ｍ   

Soil 
type 
   

 N-value 
       
       

  γ   
       
 kN/m3 

  γ'  
       
 kN/m3 

 φ  
     
 Deg,

  

  Ｃ   
       
 kN/m2 

  ａ   
       
       

1 
2 
3 
4 
5 
6 

7.00 
9.30 
11.30 
16.20 
20.20 
30.00 

S 
S 
S 
S 
S 
S 

8.0 
3.0 
14.0 
22.0 
42.0 
41.0 

19.00 
19.00 
19.00 
19.00 
19.00 
19.00 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

30.0 
21.0 
28.0 
31.0 
37.0 
37.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

 
             Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force            
              type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  ａ  ：Angle of adhesive force
       
              Ｎvalue：average value                      
               γ ：unit weight of humid soil                          
               γ'：unit weight of soil under the water                       
               φ ：internal friction angle                                           
     
    
     
1-8 Steel sheet pile 
     
    Material                PU18                    
    Young's modulus        Ｅ ＝  200000 N/mm2 

    Second moment of area  Ｉ0＝   38650 cm4（before corrosion） 
    Section modulus         Ｚ0＝    1800 cm3（before corrosion） 
     
    Corrosion allowance      ｔ1＝0.00 mm (Front side)    ｔ2＝0.00 mm (Back side) 
    Corrosion ratio(against Ｉ0)  η＝1.00 
    Corrosion ratio(against Ｚ0)  η＝1.00 
    Efficiency of joint(againstＩ0) µ＝1.00 
    Efficiency of joint(againstＺ0) µ＝1.00 
     
     
    Allowable stress intensity     σa ＝165 N/mm2（Normal condition） 
                               σa'＝190 N/mm2（Seismic condition） 
     
    Allowable Displacement      δa ＝ 50.0 mm（Normal condition） 
                              δa'＝ 75.0 mm（Seismic condition） 
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        Ｋa ＝ 
cos2(φ-θ)

cosθ・cos(δ+θ)・ 1+
sin(φ+δ)・sin(φ-β-θ)

cos(δ+θ)・cos(-β)

2

 
2 Calculation of lateral pressure 
     
2-1 Normal condition 
     

 
 
     
2-1-1 Active side Soil constants 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     

    ・Coefficient of active soil pressure of Sandy soil （Ｋa） is, 
        δ＝0.00、β＝0.00、θ＝0.00 

  
     

        Ｋp ＝ 
cos2(φ-θ)

cosθ・cos(δ-θ)・ 1-
sin(φ-δ)・sin(φ+β-θ)

cos(δ-θ)・cos(-β)

2

2-1-2 Soil constants of passive side 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
   
    ・Coefficient of passive soil pressure of Sandy soil（Ｋp）is, 
        δ＝0.00、β＝0.00、θ＝0.00 

  
     

2-1-3 Lateral pressure intensity 
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    ・Calculation formula of passive earth pressure   

     
 
 
 
 
 
 
 
 
 

    ・Calculation formula of passive earth pressure   
     
 
 
 
 

        砂質土  Ｐp＝Ｋp・[Σγｈ + 
Ｑ

cos(-β)
]・cosδ

        粘性土  Ｐp＝Σγｈ+Ｑ+２Ｃ

        中間土  Ｐp＝[ Ｋp(Σγｈ+Ｑ)+２Ｃ Ｋp ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 

        砂質土  Ｐa1＝Ｋa・[Σγｈ + 
Ｑ

cos (-β)
]・cosδ

        粘性土  Ｐa1＝Σγｈ+Ｑ-２Ｃ
                Ｐa2＝Ｋc・(Σγｈ+Ｑ)
                Ｋc：圧密平衡係数、Ｋc＝0.50
                Ｐa1、Ｐa2 のいずれか大きい値をとり、主働土圧（Ｐa）とする。
    

        中間土  Ｐa1＝[ Ｋa(Σγｈ+Ｑ)-２Ｃ Ｋa ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 

        Ｋa ＝ 
cos2(φ-θ)

cosθ・cos(δ+θ)・ 1+
sin(φ+δ)・sin(φ-β-θ)

cos(δ+θ)・cos(-β)

2

2-2 Seismic condition 
       

     
 
     

2-2-1 Active side Soil constants 
 

 
 
・Coefficient of sandy soil passive earth pressure（Ｋa）is obtained by following formula 
        δ＝0.00degree、β＝0.00degree 
        compound angle θ＝tan-1k 
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        ζ＝tan-1 1-
Σγｈ+2Ｑ

2Ｃ
・tanθ

        Ｋp ＝ 
cos2(φ-θ)

cosθ・cos(δ-θ)・ 1-
sin(φ-δ)・sin(φ+β-θ)

cos(δ-θ)・cos(-β)

2

  
     

2-2-2 Soil constants of Passive side 

 
    ・Coefficient of sandy soil passive earth pressure（Ｋp）is obtained by following formula 
        δ＝0.00degree、β＝0.00degree 
        compound angle θ＝tan-1k 
     

   
     

2-2-3 Lateral pressure intensity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
   
   ・Calculation formula of passive earth pressure 
   
     
 
 
 
 
 
 
 
 
 
 
 
    ・Calculation formula of passive earth pressure   
     

        砂質土  Ｐa1＝Ｋa・[Σγｈ + 
Ｑ

cos (-β)
]・cosδ

    

        粘性土  Ｐa1＝
(Σγｈ+Ｑ)・sin(θ+ζ)

cosθ・sinζ
 - 

Ｃ

cosζ・sinζ
    
                Ｐa2＝Ｋc・(Σγｈ+Ｑ)
                Ｋc：圧密平衡係数、Ｋc＝0.50
                Ｐa1、Ｐa2 のいずれか大きい値をとり、主働土圧（Ｐa）とする。
    

        中間土  Ｐa1＝[ Ｋa(Σγｈ+Ｑ)-２Ｃ Ｋa ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 

        砂質土  Ｐp＝Ｋp・[Σγｈ + 
Ｑ

cos(-β)
]・cosδ

        粘性土  Ｐp＝Σγｈ+Ｑ+２Ｃ

        中間土  Ｐp＝[ Ｋp(Σγｈ+Ｑ)+２Ｃ Ｋp ]・cosδ

Sandy soil 

Cohesive soil 

Medium soil 
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3 Virtual ground level 
     
    Virtual ground levelＬk is the depth which sum of active soil pressure and Residual water pressure and P
assive soil pressure are balanced. 
     
3-1 Normal condition 

       
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
              Ｐa：Active soil pressure 
              Ｐw：Residual water pressure 
              Ｐp：Passive soil pressure 
              Ｐs：Lateral  pressure intensity         Ｐs＝Ｐa＋Ｐw－Ｐp 
     
        Virtual ground levelＬk ＝ 0.77 m (GL-4.27 m)     
     

3-2 Seismic condition 
       
     
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
              Ｐa：Active soil pressure 
              Ｐw：Residual water pressure 
              Ｐp：Passive soil pressure 
              Ｐs：Lateral  pressure intensity         Ｐs＝Ｐa＋Ｐw－Ｐp 
     
        Virtual ground levelＬk ＝ 0.86 m (GL-4.36 m)   
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        Ｄ＝Ｌk＋
 π 

β
        Ｌ＝Ｈ－Ｈlt＋Ｄ

        β＝ 4
Ｋh・Ｂ

４ＥＩ
        Ｋh ＝ 6910×Ｎ'0.406

4 Footing depth 
   
     
        Material                 PU18                       
        Unit width              Ｂ ＝1.0000   m 
        Corrosion allowance         not considered 
        Corrosion ratio              η ＝1.00 
        Efficiency of joint           µ ＝1.00 
        Young's modulus            Ｅ ＝  200000 N/mm2 

        Second moment of area  Ｉ0＝   38650 cm4（before reduction） 
                              Ｉ ＝   38650 cm4（after reduction by corrosion allowance and joint） 
        ＥＩ＝ 200000×103×38650×10-8 ＝ 7.730×104 

     
4-1 Footing depth and total pile length（Chang） 

     

  
     
     
        ｘ ＝ ( hi× i ) ＋ ( hi+1 × i+1 ) ＋ ( hi+2 × i+2 ) ＋ ・ ・ ・＋ ( hn × n ) 
        where 
             ｘ：Ｌ＝ｘ/β , ｘ＝π  
     

4-1-1 Normal condition 
     
 

   
No 
   

   Depth    
     Ｚ    

  
     ｍ    

  

 Layer 
thickness

  
  ｈ   
  ｍ   

 N-value
  

       
       

  αＥ0  
         
  kN/m2

  

   Ｋh   
         
  kN/m3

  

   β    
         
   m-1   

 ｈ×   
         
   (-)   

1 
2 
3 

4.27～ 7.00 
7.00～ 9.30 
9.30～ 10.97 

2.73 
2.30 
1.67 

8.0 
3.0 
14.0 

      
    
    

16074 
10794 
20175 

0.47750 
0.43225 
0.50541 

1.30438 
0.99418 
0.84304 

                                                Σ(ｈ× )＝  3.14159 

 
  
 
 
 
 
 

4-1-2 Seismic condition 
     
 

   
No 
   

   Depth    
     Ｚ    

  
     ｍ    

  

 Layer 
thickness

  
  ｈ   
  ｍ   

 N-value
  

       
       

  αＥ0  
         
  kN/m2

  

   Ｋh   
         
  kN/m3

  

   β    
         
   m-1   

 ｈ×   
         
   (-)   

1 
2 
3 

4.36～ 7.00 
7.00～ 9.30 
9.30～ 11.05 

2.64 
2.30 
1.75 

8.0 
3.0 
14.0 

      
    
    

16074 
10794 
20175 

0.47750 
0.43225 
0.50541 

1.26178 
0.99418 
0.88564 

                                             Σ(ｈ× )＝  3.14159 

 
     
 
 
 
 
   
     
          Total length of sheet pile ＝11.00 ｍ 
     

  
5 Calculation of section force and Displacement 
    
       Top ： free（horizontal, vertical and rotation :free） 
       Bottom ： pin（vertical ,horizontal: fix、rotation: free） 
   
    
  

5-1 Result of frame calculation  
     

5-1-1 Normal condition 
     Maximum bending Moment Ｍmax   
     
     
 
 
Horizontal displacement at the ground     ＝   35.12 ≦   50.00 mm               
     

 
  

水平変位δｘ

鉛直変位δｙ
θ／２

θ

長
さ長
さ

δｙ=δｘ・ｔａｎ(θ／２)

Horizontal 
displacement 
 

Vertical 
displacement 
 

Length 
 

Length 
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5-1-2 Seismic condition 

     
    Maximum bending MomentＭmax   

     
    Horizontal displacement at the ground     ＝   27.70 ≦   75.00 mm               
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5-2 Calculation of Stress intensity 

     
     
        Material                  PU18                  
        Corrosion allowance         ｔ1＝0.00 mm (Front side)   ｔ2＝0.00 mm (Back side) 
        Corrosion ratio              η ＝1.00 
        Efficiency of joint           µ ＝1.00 
        Section modulus            Ｚ0＝   1800 cm3（before reduction） 
                                  Ｚ ＝   1800 cm3（after reduction by Corrosion allowance and joint) 
     

5-2-1 Normal condition   
 

 
 
 

5-2-2 Seismic condition   
     
 
 
 
 
6 Calculation results 
     
    Steel sheet pile              PU18                       
 

   Normal condition   Seismic condition  

 

Second moment of area 
Section modulus          
Max.bending moment 
Horizontal displacement  
Footing depth           
Total length of sheet pile 

Ｉ   (cm4)     
Ｚ   (cm3)     
Ｍmax(kN･m/m) 
σ   (N/mm2)   
δ   (mm)      
Ｄ   (m)      
Ｌ   (m)      

   38650 
    1800 
         
         
         
         
   11.00 

                   
                   
   139.59          
       78 ( 165)   
    35.12 ( 50.0)  

     7.47          
                   

                   
                   
    108.28         
       60 (190)   
    27.70 ( 75.0)  

     7.55          
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 A-8-3 Structural calculation of steel sheet pile works (Type BR-1)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 7.00 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.20 m
Inside water level Lwa= 2.35 m (Regular condition)

Lwa'= 0.70 m (Seismic condition)
Outside water level Lwp= 7.00 m (Regular condition)

Lwp'= 0.70 m (Seismic condition)
    
Tie-rod installation position Ht= 0.50 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil
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1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 10.80 18
2 2.00 8 12 11.80 16
3 3.00 8 13 12.80 26
4 4.00 8 14 13.80 19
5 5.00 8 15 14.80 25
6 6.00 8    
7 7.00 8    
8 7.80 1    
9 8.80 4    
10 9.80 8    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 7.00 S 8 19.0 10.0 30.0 0.0 0.0
2 9.30 S 3 19.0 10.0 21.0 0.0 0.0
3 11.30 S 14 19.0 10.0 28.0 0.0 0.0
4 16.20 S 22 19.0 10.0 31.0 0.0 0.0
5 20.20 S 42 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38,650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,800cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-200×75
    
Modulus of section; 382  cm3
    
Corrosion ; considered（0.00mm）

Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2

（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ
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1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）

    

2 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650   

Ｚ (cm3) 1800   

Ｍmax (kN･m/m)  

σ (N/mm2)  114 (165) 61 (190)

Ｄ (m)  

Ｌ (m) 16.5   

Tie-rod φ 42 mm

Tp (kN)
σ (N/mm2) 150 (176) 92 (264)

Waling  2×UPN-200×75

Z (cm3)  382
Ｍmax (kN･m)
σ (N/mm2) 130 (140) 80 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 42 (165) 26 (190)

Horizontal displacement δ  (mm) 5.93 (50.0) 3.67 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  

Footing depth 9.38 5.52

Regular condition Seismic condition
Second moment of area

Modulus of section 

Max. bending moment 204.59 108.64

Stress intensity

Total length

Regular condition Seismic condition
Tensile force 207.15 127.65

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 49.72 30.63
Stress intensity  

Bracing sheet pile                 

Bracing works
Installation position

7.04 8.35

Second moment　of area

Modulus of section  
Max. bending moment 50.39 31.05
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition
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Structural calculation of steel sheet pile works (Type BR-1)

<Cantilevered sheet pile wall>

－ During construction －

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 7.00 m
Protruction lemgth H0= 5.00
Top of sheet pile Hlt= 0.20 m
Inside water level Lwa= 7.00 m (Regular condition)
Outside water level Lwp= 7.00 m (Regular condition)
    

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soilA-345



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 7.00 2.00
2 9.30 2.30
3 11.30 2.00
4 16.20 4.90
5 20.20 4.00
6 30.00 9.80

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 7.00 S 8 19.0 10.0 30.0 0.0 0.0
2 9.30 S 3 19.0 10.0 21.0 0.0 0.0
3 11.30 S 14 19.0 10.0 28.0 0.0 0.0
4 16.20 S 22 19.0 10.0 31.0 0.0 0.0
5 20.20 S 42 19.0 10.0 37.0 0.0 0.0
6 30.00 S 41 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406

 
1-8 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1800 cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650  

Ｚ (cm3) 1800  
Ｍmax (kN･m/m)  
σ (N/mm2)  40  (165)

Horizontal displacement δ  (mm) 15.39  (50.0)
Ｄ (m)  
Ｌ (m) 14.50  Total length

Second moment of area

72.86
Stress intensity

Footing depth 7.57

Max. bending moment
Modulus of section 

Regular condition

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)
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 A-8-5 Structural calculation of steel sheet pile works (Type BR-2)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 4.50 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.20 m
Inside water level Lwa= 2.35 m (Regular condition)

Lwa'= 0.70 m (Seismic condition)
Outside water level Lwp= 7.00 m (Regular condition)

Lwp'= 0.70 m (Seismic condition)
    
Tie-rod installation position Ht= 0.50 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil
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1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 10.80 18
2 2.00 8 12 11.80 16
3 3.00 8 13 12.80 26
4 4.00 8 14 13.80 19
5 5.00 8 15 14.80 25
6 6.00 8    
7 7.00 8    
8 7.80 1    
9 8.80 4    
10 9.80 8    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 7.00 S 8 19.0 10.0 30.0 0.0 0.0
2 9.30 S 3 19.0 10.0 21.0 0.0 0.0
3 11.30 S 14 19.0 10.0 28.0 0.0 0.0
4 16.20 S 22 19.0 10.0 31.0 0.0 0.0
5 20.20 S 42 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38,650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,800cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-180×70
    
Modulus of section; 300  cm3
    
Corrosion ; considered（0.00mm）

Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2

（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ
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1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650   

Ｚ (cm3) 1800   

Ｍmax (kN･m/m)  

σ (N/mm2)  25 (165) 17 (190)

Ｄ (m)  

Ｌ (m) 11.5   

Tie-rod φ 25 mm

Tp (kN)
σ (N/mm2) 173 (176) 128 (264)

Waling  2×UPN-180×70

Z (cm3)  300
Ｍmax (kN･m)
σ (N/mm2) 68 (140) 50 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 17 (165) 13 (190)

Horizontal displacement δ  (mm) 2.43 (50.0) 1.8 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  

Footing depth 6.80 5.49

Regular condition Seismic condition
Second moment of area

Modulus of section 

Max. bending moment 45.04 29.92

Stress intensity

Total length

Regular condition Seismic condition
Tensile force 84.92 62.82

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 20.38 15.08
Stress intensity  

Bracing sheet pile                 

Bracing works
Installation position

5.59 6.43

Second moment　of area

Modulus of section  
Max. bending moment 20.66 15.28
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition
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－ During construction －

Structural calculation of steel sheet pile works (Type BR-2)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 4.50 m
Protruction lemgth H0= 1.00
Top of sheet pile Hlt= 0.20 m
Inside water level Lwa= 7.00 m (Regular condition)
Outside water level Lwp= 7.00 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

Sandy

soil

A-350



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 7.00 2.00
2 9.30 2.30
3 11.30 2.00
4 16.20 4.90
5 20.20 4.00
6 30.00 9.80

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 7.00 S 8 19.0 10.0 30.0 0.0 0.0
2 9.30 S 3 19.0 10.0 21.0 0.0 0.0
3 11.30 S 14 19.0 10.0 28.0 0.0 0.0
4 16.20 S 22 19.0 10.0 31.0 0.0 0.0
5 20.20 S 42 19.0 10.0 37.0 0.0 0.0
6 30.00 S 41 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 
1-8 Sheet pile

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38650cm4（before corrosion）
Modulus of section Ｚ0＝ 1800 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650  

Ｚ (cm3) 1800  
Ｍmax (kN･m/m)  
σ (N/mm2)  63  (165)

Horizontal displacement δ  (mm) 26.88  (50.0)
Ｄ (m)  
Ｌ (m) 11.50  

Modulus of section 

Regular condition

Total length

Second moment of area

113.16
Stress intensity

Footing depth 7.15

Max. bending moment

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

A-351



 
 
 

 A-8-6 Structural calculation of steel sheet pile works (Type C-1)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 8.00 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.65 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 8.00 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

A-352



    
1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 10.50 3
2 2.00 8 12 12.75 4
3 3.00 8 13 14.75 8
4 4.00 8 14 17.00 31
5 5.00 8
6 6.00 8    
7 7.00 8    
8 8.00 8    
9 8.50 1    
10 9.50 10    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 8.00 S 8 19.0 10.0 30.0 0.0 0.0
2 14.70 C 5 18.0 9.0 0.0 31.0 0.0
3 17.50 S 20 19.0 10.0 30.0 0.0 0.0
4 30.00 S 37 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38,650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,800cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-220×80
    
Modulus of section; 490  cm3
    
Corrosion ; considered（0.00mm）

Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2

（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-353



    
1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650   

Ｚ (cm3) 1800   

Ｍmax (kN･m/m)  

σ (N/mm2)  157 (165) 86 (190)

Ｄ (m)  

Ｌ (m) 19.00   

Tie-rod φ 46 mm

Tp (kN)
σ (N/mm2) 170 (176) 111 (264)

Waling  2×UPN-220×80

Z (cm3)  490
Ｍmax (kN･m)
σ (N/mm2) 139 (140) 90 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 57 (165) 37 (190)

Horizontal displacement δ  (mm) 8.11 (50.0) 5.27 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  
Bracing works
Installation position

7.33 8.63

Second moment　of area

Modulus of section  
Max. bending moment 68.87 44.81
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition

Max. bending moment 67.95 44.21
Stress intensity  

Regular condition Seismic condition

Bracing sheet pile                 

Stress intensity  

Regular condition Seismic condition
Modulus of section

Total length

Regular condition Seismic condition
Tensile force 283.12 184.21

Footing depth 11.58 7.92

Regular condition Seismic condition
Second moment of area

Modulus of section 

Max. bending moment 283.19 154.42

Stress intensity

A-354



 
 

－ During construction －

Structural calculation of steel sheet pile works (Type C-1)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 8.00 m
Protruction lemgth H0= 4.50
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 8.00 m (Regular condition)
Outside water level Lwp= 8.00 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value
depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

A-355



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 8.00 3.50
2 14.70 6.70
3 17.50 2.80
4 30.00 12.50

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 8.00 S 8 19.0 10.0 30.0 0.0 0.0
2 14.70 C 5 18.0 9.0 0.0 31.0 0.0
3 17.50 S 20 19.0 10.0 30.0 0.0 0.0
4 30.00 S 37 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406                       Ｋh ＝ 6910×Ｎ'0.406

 
1-8 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1800 cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650  

Ｚ (cm3) 1800  
Ｍmax (kN･m/m)  
σ (N/mm2)  48  (165)

Horizontal displacement δ  (mm) 19.82  (50.0)
Ｄ (m)  
Ｌ (m) 14.50  

Second moment of area
Regular condition

Total length

Max. bending moment 86.74
Stress intensity

Footing depth 6.87

Modulus of section 

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)
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 A-8-7 Structural calculation of steel sheet pile works (Type C-2)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 5.50 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.65 m (Regular condition)

Lwa'= 6.50 m (Seismic condition)
Outside water level Lwp= 8.00 m (Regular condition)

Lwp'= 6.50 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

A-357



    
1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 12.75 4
2 2.00 8 12 14.75 8
3 3.00 8 13 17.00 31
4 4.00 8
5 5.00 8
6 6.50 4    
7 7.50 0    
8 8.50 1    
9 9.50 10    
10 10.50 3    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 5.50 S 8 19.0 10.0 30.0 0.0 0.0
2 14.70 C 4 18.0 9.0 0.0 24.0 0.0
3 17.50 S 20 19.0 10.0 30.0 0.0 0.0
4 30.00 S 37 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38,650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,800cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-180×70
    
Modulus of section; 300  cm3
    
Corrosion ; considered（0.00mm）

Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2

（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-358



    
1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650   

Ｚ (cm3) 1800   

Ｍmax (kN･m/m)  

σ (N/mm2)  41 (165) 36 (190)

Ｄ (m)  

Ｌ (m) 17.00   

Tie-rod φ 32 mm

Tp (kN)
σ (N/mm2) 168 (176) 153 (264)

Waling  2×UPN-180×70

Z (cm3)  300
Ｍmax (kN･m)
σ (N/mm2) 108 (140) 98 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 27 (165) 25 (190)

Horizontal displacement δ  (mm) 3.86 (50.0) 3.52 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  

Footing depth 12.10 11.31

Regular condition Seismic condition
Second moment of area

Modulus of section 

Max. bending moment 74.35 64.46

Stress intensity

Total length

Regular condition Seismic condition
Tensile force 134.96 123.05

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 32.39 29.53
Stress intensity  

Bracing sheet pile                 

Bracing works
Installation position

5.88 6.45

Second moment　of area

Modulus of section  
Max. bending moment 32.83 29.93
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition

A-359



 
 

－ During construction －

Structural calculation of steel sheet pile works (Type C-2)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 5.50 m
Protruction lemgth H0= 1.50
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 8.00 m (Regular condition)
Outside water level Lwp= 8.00 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

A-360



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 5.50 4.00
2 14.70 9.20
3 17.50 2.80
4 30.00 12.50

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 5.50 S 8 19.0 10.0 30.0 0.0 0.0
2 14.70 C 4 18.0 9.0 0.0 24.0 0.0
3 17.50 S 20 19.0 10.0 30.0 0.0 0.0
4 30.00 S 37 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406                       Ｋh ＝ 6910×Ｎ'0.406

 
1-8 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1800 cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650  

Ｚ (cm3) 1800  
Ｍmax (kN･m/m)  
σ (N/mm2)  67  (165)

Horizontal displacement δ  (mm) 31.3  (50.0)
Ｄ (m)  
Ｌ (m) 12.00  

Second moment of area
Regular condition

Total length

Max. bending moment 120.39
Stress intensity

Footing depth 7.06

Modulus of section 

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

A-361



 
 
 

 A-8-8 Structural calculation of steel sheet pile works (Type D-1)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 8.00 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.65 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 8.00 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil
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1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 10.80 18
2 2.00 8 12 11.80 20
3 3.00 8
4 4.00 8
5 5.00 8
6 6.00 8    
7 7.00 8    
8 8.00 8    
9 8.80 8    
10 9.80 9    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 8.00 S 8 19.0 10.0 30.0 0.0 0.0
2 10.20 C 9 18.0 9.0 0.0 55.0 0.0
3 14.20 S 19 19.0 10.0 30.0 0.0 0.0
4 30.00 S 40 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38,650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,800cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-220×80
    
Modulus of section; 490  cm3
    
Corrosion ; considered（0.00mm）
Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ
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1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650   

Ｚ (cm3) 1800   
Ｍmax (kN･m/m)  
σ (N/mm2)  157 (165) 88 (190)
Ｄ (m)  
Ｌ (m) 16.00   

Tie-rod φ 46 mm

Tp (kN)
σ (N/mm2) 170 (176) 111 (264)

Waling  2×UPN-220×80

Z (cm3)  490
Ｍmax (kN･m)
σ (N/mm2) 139 (140) 90 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 57 (165) 37 (190)

Horizontal displacement δ  (mm) 8.11 (50.0) 5.27 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  
Bracing works
Installation position

7.33 8.63

Second moment　of area

Modulus of section  
Max. bending moment 68.87 44.81
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 67.95 44.21
Stress intensity  

Bracing sheet pile                 

Total length

Regular condition Seismic condition
Tensile force 283.12 184.21

Footing depth 8.55 1.96

Regular condition Seismic condition
Second moment of area

Modulus of section 
Max. bending moment 283.1 154.42
Stress intensity
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Structural calculation of steel sheet pile works (Type D-1)

<Cantilevered sheet pile wall>

－ During construction －

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 3.50 m
Protruction lemgth H0= 0.00
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 3.50 m (Regular condition)
Outside water level Lwp= 3.50 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil
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1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 8.00 8.00
2 10.20 2.20
3 14.20 4.00
4 30.00 15.80

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 8.00 S 8 19.0 10.0 30.0 0.0 0.0
2 10.20 C 9 18.0 9.0 0.0 55.0 0.0
3 14.20 S 19 19.0 10.0 30.0 0.0 0.0
4 30.00 S 40 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406                       Ｋh ＝ 6910×Ｎ'0.406

 
1-8 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1800 cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650  

Ｚ (cm3) 1800  
Ｍmax (kN･m/m)  
σ (N/mm2)  79  (165)

Horizontal displacement δ  (mm) 36.67  (50.0)
Ｄ (m)  
Ｌ (m) 10.50  

Modulus of section 

Total length

Max. bending moment 141.75
Stress intensity

Footing depth 7.44

Regular condition
Second moment of area

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)
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 A-8-9 Structural calculation of steel sheet pile works (Type D-2)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 3.50 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.65 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 8.00 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil
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1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Ｋc＝ 0.50

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

1-7

No. Depth Layer 
thickness

m m
1 8.00 8.00
2 10.20 2.20
3 14.20 4.00
4 30.00 15.80

Soil constant

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 8.00 S 8 19.0 10.0 30.0 0.0 0.0
2 10.20 C 9 18.0 9.0 0.0 55.0 0.0
3 14.20 S 19 19.0 10.0 30.0 0.0 0.0
4 30.00 S 40 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
σa' = 190N/mm2（Seismic condition）

Allowable displacement δa ＝ 50.0 mm（Regular condition）
δa'＝ 75.0 mm（Seismic condition）

    

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-368



2 Section force and Displacement

 (Regular condition)

    

 (Seismic condition)

    

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  106 (165) 99 (190)

Horizontal displacement δ  (mm) 48.11 (50.0) 46.6 (75.0)
Ｄ (m)  
Ｌ (m) 9.50   

Modulus of section 

Total length

Max. bending moment 127.58 118.23
Stress intensity

Footing depth 6.39 6.59

Regular condition Seismic condition
Second moment of area
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 A-8-10 Structural calculation of steel sheet pile works (Type E-1)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 6.70 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.25 m (Regular condition)

Lwa'= 1.07 m (Seismic condition)
Outside water level Lwp= 6.70 m (Regular condition)

Lwp'= 1.07 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil
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1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 12.50 18
2 2.00 8
3 3.00 8
4 4.00 8
5 5.00 8
6 6.00 8    
7 7.50 8    
8 9.50 9    
9 10.50 18    
10 11.50 20    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 6.70 S 8 19.0 10.0 30.0 0.0 0.0
2 8.90 C 9 18.0 9.0 0.0 55.0 0.0
3 12.90 S 19 19.0 10.0 30.0 0.0 0.0
4 30.00 S 40 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-200×75
    
Modulus of section; 382  cm3
    
Corrosion ; considered（0.00mm）
Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ
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1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  135 (165) 74 (190)
Ｄ (m)  
Ｌ (m) 13.50   

Tie-rod φ 42 mm

Tp (kN)
σ (N/mm2) 150 (176) 99 (264)

Waling  2×UPN-200×75

Z (cm3)  382
Ｍmax (kN･m)
σ (N/mm2) 131 (140) 86 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 42 (165) 28 (190)

Horizontal displacement δ  (mm) 5.97 (50.0) 3.93 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  
Bracing works
Installation position

5.57 7.69

Second moment　of area

Modulus of section  
Max. bending moment 50.71 33.35
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 50.03 32.91
Stress intensity  

Bracing sheet pile                 

Total length

Regular condition Seismic condition
Tensile force 208.46 137.11

Footing depth 7.44 1.25

Regular condition Seismic condition
Second moment of area

Modulus of section 
Max. bending moment 161.85 88.65
Stress intensity
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－ During construction －

 Structural calculation of steel sheet pile works (Type E-1)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 2.20 m
Protruction lemgth H0= 0.00
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.20 m (Regular condition)
Outside water level Lwp= 2.20 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil
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1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 6.70 6.70
2 8.90 2.20
3 12.90 4.00
4 30.00 17.10

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 6.70 S 8 19.0 10.0 30.0 0.0 0.0
2 8.90 C 9 18.0 9.0 0.0 55.0 0.0
3 12.90 S 19 19.0 10.0 30.0 0.0 0.0
4 30.00 S 40 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406                       Ｋh ＝ 6910×Ｎ'0.406

 
1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600  

Ｚ (cm3) 1200  
Ｍmax (kN･m/m)  
σ (N/mm2)  38  (165)

Horizontal displacement δ  (mm) 12.26  (50.0)
Ｄ (m)  
Ｌ (m) 8.00  Total length

Max. bending moment 45.35
Stress intensity

Footing depth 6.31

Modulus of section 

Second moment of area
Regular condition

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)
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 A-8-11 Structural calculation of steel sheet pile works (Type E-2)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 2.20 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.25 m (Regular condition)

Lwa'= 1.07 m (Seismic condition)
Outside water level Lwp= 6.70 m (Regular condition)

Lwp'= 1.07 m (Seismic condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

A-375



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Ｋc＝ 0.50

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

1-7

No. Depth Layer 
thickness

m m
1 6.70 6.70
2 8.90 2.20
3 12.90 4.00
4 30.00 17.10

Soil constant

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 6.70 S 8 19.0 10.0 30.0 0.0 0.0
2 8.90 C 9 18.0 9.0 0.0 55.0 0.0
3 12.90 S 19 19.0 10.0 30.0 0.0 0.0
4 30.00 S 40 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
σa' = 190N/mm2（Seismic condition）

Allowable displacement δa ＝ 50.0 mm（Regular condition）
δa'＝ 75.0 mm（Seismic condition）

    

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-376



2 Section force and Displacement

 (Regular condition)

    

 (Seismic condition)

    

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  31 (165) 34 (190)

Horizontal displacement δ  (mm) 9.57 (50.0) 10.92 (75.0)
Ｄ (m)  
Ｌ (m) 8.00   

Modulus of section 

Total length

Max. bending moment 37.71 40.26
Stress intensity

Footing depth 6.06 6.33

Regular condition Seismic condition
Second moment of area

A-377



 
 
 

 A-8-12 Structural calculation of steel sheet pile works (Type F)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 8.00 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.65 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 8.00 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

A-378



    
1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 10.90 13
2 2.00 8 12 11.90 16
3 3.00 8 13 12.90 17
4 4.00 8
5 5.00 8
6 6.00 8    
7 7.00 8    
8 8.00 8    
9 8.90 12    
10 9.90 15    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 8.00 S 8 19.0 10.0 30.0 0.0 0.0
2 16.30 S 17 19.0 10.0 29.0 0.0 0.0
3 40.00 S 36 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38,650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,800cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-220×80
    
Modulus of section; 490  cm3
    
Corrosion ; considered（0.00mm）
Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-379



    
1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650   

Ｚ (cm3) 1800   
Ｍmax (kN･m/m)  
σ (N/mm2)  157 (165) 86 (190)
Ｄ (m)  
Ｌ (m) 17.50   

Tie-rod φ 46 mm

Tp (kN)
σ (N/mm2) 170 (176) 111 (264)

Waling  2×UPN-220×80

Z (cm3)  490
Ｍmax (kN･m)
σ (N/mm2) 139 (140) 90 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 57 (165) 37 (190)

Horizontal displacement δ  (mm) 8.11 (50.0) 5.27 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  

Footing depth 9.90 5.85

Regular condition Seismic condition
Second moment of area

Modulus of section 
Max. bending moment 283.19 154.42
Stress intensity

Total length

Regular condition Seismic condition
Tensile force 283.12 184.21

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 67.95 44.21
Stress intensity  

Bracing sheet pile                 

Bracing works
Installation position

7.33 8.63

Second moment　of area

Modulus of section  
Max. bending moment 68.87 44.81
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition

A-380



 
 

－ During construction －

Structural calculation of steel sheet pile works (Type F)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 8.00 m
Protruction lemgth H0= 4.50
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 4.50 m (Regular condition)
Outside water level Lwp= 4.50 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

A-381



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 8.00 3.50
2 16.30 8.30
3 30.00 13.70

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 8.00 S 8 19.0 10.0 30.0 0.0 0.0
2 16.30 S 17 19.0 10.0 29.0 0.0 0.0
3 30.00 S 36 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 
1-8 Sheet pile

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406                       Ｋh ＝ 6910×Ｎ'0.406

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38650cm4（before corrosion）
Modulus of section Ｚ0＝ 1800 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650  

Ｚ (cm3) 1800  
Ｍmax (kN･m/m)  
σ (N/mm2)  43  (165)

Horizontal displacement δ  (mm) 17.13  (50.0)
Ｄ (m)  
Ｌ (m) 14.50  Total length

Max. bending moment 76.91
Stress intensity

Footing depth 6.71

Modulus of section 

Second moment of area
Regular condition

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

A-382



 
 
 

 A-8-13 Structural calculation of steel sheet pile works (Type G-1)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 6.70 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.25 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 6.70 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

A-383



    
1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8
2 2.00 8
3 3.00 8
4 4.00 8
5 5.00 8
6 6.00 8    
7 7.60 12    
8 8.60 15    
9 9.60 13    
10 10.60 16    

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 6.70 S 8 19.0 10.0 30.0 0.0 0.0
2 15.00 S 17 19.0 10.0 29.0 0.0 0.0
3 40.00 S 36 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-200×75
    
Modulus of section; 382  cm3
    
Corrosion ; considered（0.00mm）
Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-384



    
1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  135 (165) 75 (190)
Ｄ (m)  
Ｌ (m) 15.00   

Tie-rod φ 42 mm

Tp (kN)
σ (N/mm2) 150 (176) 101 (264)

Waling  2×UPN-200×75

Z (cm3)  382
Ｍmax (kN･m)
σ (N/mm2) 131 (140) 88 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 42 (165) 28 (190)

Horizontal displacement δ  (mm) 5.97 (50.0) 3.99 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  

Footing depth 8.92 4.97

Regular condition Seismic condition
Second moment of area

Modulus of section 
Max. bending moment 161.85 90.22
Stress intensity

Total length

Regular condition Seismic condition
Tensile force 208.46 139.53

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 50.03 33.49
Stress intensity  

Bracing sheet pile                 

Bracing works
Installation position

6.57 7.65

Second moment　of area

Modulus of section  
Max. bending moment 50.71 33.94
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition

A-385



 
 

－ During construction －

Structural calculation of steel sheet pile works (Type G-1)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 6.70 m
Protruction lemgth H0= 3.20
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 3.20 m (Regular condition)
Outside water level Lwp= 3.20 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

A-386



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 6.70 3.50
2 15.00 8.30
3 30.00 15.00

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 6.70 S 8 19.0 10.0 30.0 0.0 0.0
2 15.00 S 17 19.0 10.0 29.0 0.0 0.0
3 30.00 S 36 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406                       Ｋh ＝ 6910×Ｎ'0.406

 
1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600  

Ｚ (cm3) 1200  
Ｍmax (kN･m/m)  
σ (N/mm2)  62  (165)

Horizontal displacement δ  (mm) 25.48  (50.0)
Ｄ (m)  
Ｌ (m) 12.00  

Second moment of area
Regular condition

Total length

Max. bending moment 74.7
Stress intensity

Footing depth 5.89

Modulus of section 

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

A-387



 
 
 

 A-8-14 Structural calculation of steel sheet pile works (Type G-2)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 3.20 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.30 m
Inside water level Lwa= 2.25 m (Regular condition)

Lwa'= 1.07 m (Seismic condition)
Outside water level Lwp= 6.70 m (Regular condition)

Lwp'= 1.07 m (Seismic condition)
    

depth

(m)

Soil

type
Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

A-388



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Ｋc＝ 0.50

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

1-7

No. Depth Layer 
thickness

m m
1 6.70 6.70
2 15.00 8.30
3 30.00 15.00

Soil constant

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 6.70 S 8 19.0 10.0 30.0 0.0 0.0
2 15.00 S 17 19.0 10.0 29.0 0.0 0.0
3 30.00 S 36 19.0 10.0 36.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
σa' = 190N/mm2（Seismic condition）

Allowable displacement δa ＝ 50.0 mm（Regular condition）
δa'＝ 75.0 mm（Seismic condition）

    

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-389



2 Section force and Displacement

 (Regular condition)

    

 (Seismic condition)

    

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  88 (165) 78 (190)

Horizontal displacement δ  (mm) 36.83 (50.0) 33.51 (75.0)
Ｄ (m)  
Ｌ (m) 9.50   

Regular condition Seismic condition
Second moment of area

Modulus of section 

Total length

Max. bending moment 106.8 93.08
Stress intensity

Footing depth 6.17 6.31

A-390



 
 
 

 A-8-15 Structural calculation of steel sheet pile works (Type H)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

Cohesive

soil

A-391



1-2 Structural dimensions
    
Design height  H= 5.95 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.00 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 5.95 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     
    

1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8 11 12.28 21
2 2.00 8 12 13.28 47
3 3.00 8 13 14.28 31
4 4.00 8 14 15.28 29
5 5.00 8 15 16.28 42
6 6.28 3 16 17.28 41
7 8.28 16 17 18.28 30
8 9.28 18 18 19.28 40
9 10.28 27 19 20.28 40
10 11.28 17    

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 5.95 S 8 19.0 10.0 30.0 0.0 0.0
2 6.88 C 2 18.0 9.0 0.0 12.0 0.0
3 9.08 C 16 18.0 9.0 0.0 98.0 0.0
4 14.68 S 27 19.0 10.0 33.0 0.0 0.0
5 20.00 S 44 19.0 10.0 38.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2

（Regular condition）
σa' = 190 N/mm2（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ
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1-9 Waling

    
Type                                    2×UPN-180×70
    
Modulus of section; 300  cm3
    
Corrosion ; considered（0.00mm）
Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2（Regular condition）
    σa' = 161 N/mm2

（Seismic condition）
    

1-10 Bracing sheet pile
    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  93 (165) 52 (190)
Ｄ (m)  
Ｌ (m) 11.00   

Tie-rod φ 42 mm

Tp (kN)
σ (N/mm2) 151 (176) 103 (264)

Waling  2×UPN-180×70

Z (cm3)  300
Ｍmax (kN･m)
σ (N/mm2) 137 (140) 93 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 35 (165) 24 (190)

Horizontal displacement δ  (mm) 4.9 (50.0) 3.34 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  

Footing depth 5.29 1.58

Regular condition Seismic condition
Second moment of area

Modulus of section 
Max. bending moment 111.06 62.65
Stress intensity

Total length

Regular condition Seismic condition
Tensile force 171.27 116.52

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 41.11 27.96
Stress intensity  

Bracing sheet pile                 

Bracing works
Installation position

6.14 7.08

Second moment　of area

Modulus of section  
Max. bending moment 41.66 28.34
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition
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－ During construction －

 Structural calculation of steel sheet pile works (Type H)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 5.95 m
Protruction lemgth H0= 2.45
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 2.45 m (Regular condition)
Outside water level Lwp= 2.45 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

Cohesive

soil
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1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 5.95 2.00
2 6.88 0.93
3 9.08 2.20
4 14.68 5.60
5 20.00 5.32

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 5.95 S 8 19.0 10.0 30.0 0.0 0.0
2 6.88 C 2 18.0 9.0 0.0 12.0 0.0
3 9.08 C 16 18.0 9.0 0.0 98.0 0.0
4 14.68 S 27 19.0 10.0 33.0 0.0 0.0
5 20.00 S 44 19.0 10.0 38.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 
1-8 Sheet pile

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4（before corrosion）
Modulus of section Ｚ0＝ 1200 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600  

Ｚ (cm3) 1200  
Ｍmax (kN･m/m)  
σ (N/mm2)  49  (165)

Horizontal displacement δ  (mm) 20.08  (50.0)
Ｄ (m)  
Ｌ (m) 11.00  

Second moment of area
Regular condition

Total length

Max. bending moment 58.9
Stress intensity

Footing depth 5.36

Modulus of section 

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)
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 A-8-16 Structural calculation of steel sheet pile works (Type I)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 3.80 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.30 m
Inside water level Lwa= 1.25 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 3.80 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Cohesive

soil

Sandy

soil

Sandy

soil

Sandy

soil

A-396



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Ｋc＝ 0.50

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

1-7

No. Depth Layer 
thickness

m m
1 3.80 3.80
2 10.56 6.76
3 15.66 5.10
4 20.00 4.34

Soil constant

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 3.80 S 8 19.0 10.0 30.0 0.0 0.0
2 10.56 C 19 18.0 9.0 0.0 116.0 0.0
3 15.66 S 20 19.0 10.0 30.0 0.0 0.0
4 20.00 S 48 19.0 10.0 39.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
σa' = 190N/mm2（Seismic condition）

Allowable displacement δa ＝ 50.0 mm（Regular condition）
δa'＝ 75.0 mm（Seismic condition）

    

 Depth
type

  γ   γ'  φ   Ｃ   ａ
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2 Section force and Displacement

 (Regular condition)

    

 (Seismic condition)

    

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  104 (165) 71 (190)

Horizontal displacement δ  (mm) 39 (50.0) 26.84 (75.0)
Ｄ (m)  
Ｌ (m) 9.00   

Regular condition Seismic condition
Second moment of area

Modulus of section 

Total length

Max. bending moment 124.22 85.49
Stress intensity

Footing depth 5.21 5.21
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 A-8-17 Structural calculation of steel sheet pile works (Type J)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 2.70 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.30 m
Inside water level Lwa= 0.90 m (Regular condition)

Lwa'= 0.50 m (Seismic condition)
Outside water level Lwp= 2.70 m (Regular condition)

Lwp'= 0.50 m (Seismic condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Cohesive

soil

Sandy

soil

Sandy

soil

Sandy

soil

A-399



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Ｋc＝ 0.50

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

1-7

No. Depth Layer 
thickness

m m
1 2.70 2.70
2 9.46 6.76
3 14.56 5.10
4 20.00 5.44

Soil constant

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 2.70 S 8 19.0 10.0 30.0 0.0 0.0
2 9.46 C 19 18.0 9.0 0.0 116.0 0.0
3 14.56 S 20 19.0 10.0 30.0 0.0 0.0
4 20.00 S 48 19.0 10.0 39.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
σa' = 190N/mm2（Seismic condition）

Allowable displacement δa ＝ 50.0 mm（Regular condition）
δa'＝ 75.0 mm（Seismic condition）

    

 Depth
type

  γ   γ'  φ   Ｃ   ａ
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2 Section force and Displacement

 (Regular condition)

    

 (Seismic condition)

    

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  45 (165) 28 (190)

Horizontal displacement δ  (mm) 12.81 (50.0) 7.93 (75.0)
Ｄ (m)  
Ｌ (m) 8.00   

Regular condition Seismic condition
Second moment of area

Modulus of section 

Total length

Max. bending moment 53.82 33.53
Stress intensity

Footing depth 5.21 5.21

A-401



 
 
 

 A-8-18 Structural calculation of steel sheet pile works (Type K)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 4.10 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.30 m
Inside water level Lwa= 1.35 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 4.10 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    
 

depth

(m)

Soil

type

Φ

(deg.)

N value

Cohesive

soil

Sandy

soil

Sandy

soil

Sandy

soil
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1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Ｋc＝ 0.50

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

1-7

No. Depth Layer 
thickness

m m
1 4.10 4.10
2 8.72 4.62
3 16.32 7.60
4 30.00 13.68

Soil constant

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 4.10 S 8 19.0 10.0 30.0 0.0 0.0
2 8.72 C 17 18.0 9.0 0.0 104.0 0.0
3 16.32 S 22 19.0 10.0 31.0 0.0 0.0
4 30.00 S 41 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-8 Sheet pile

Type                                 PU18 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 38650cm4
（before corrosion）

Modulus of section Ｚ0＝ 1800 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
σa' = 190N/mm2（Seismic condition）

Allowable displacement δa ＝ 50.0 mm（Regular condition）
δa'＝ 75.0 mm（Seismic condition）

    

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-403



2 Section force and Displacement

 (Regular condition)

    

 (Seismic condition)

    

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

3 Calculation results

Front sheet pile                                 PU18 (S270GP)

I (cm4) 38650   

Ｚ (cm3) 1800   
Ｍmax (kN･m/m)  
σ (N/mm2)  87 (165) 59 (190)

Horizontal displacement δ  (mm) 35.12 (50.0) 23.82 (75.0)
Ｄ (m)  
Ｌ (m) 10.00   

Regular condition Seismic condition
Second moment of area

Modulus of section 

Total length

Max. bending moment 157.22 106.8
Stress intensity

Footing depth 6.06 6.06

A-404



 
 
 

 A-8-19 Structural calculation of steel sheet pile works (Type L)

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 3.00 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.30 m
Inside water level Lwa= 1.00 m (Regular condition)

Lwa'= 0.50 m (Seismic condition)
Outside water level Lwp= 3.00 m (Regular condition)

Lwp'= 0.50 m (Seismic condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Cohesive

soil

Sandy

soil

Sandy

soil

Sandy

soil

A-405



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Ｋc＝ 0.50

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

1-7

No. Depth Layer 
thickness

m m
1 3.00 3.00
2 7.62 4.62
3 15.22 7.60
4 20.00 4.78

Soil constant

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 3.00 S 8 19.0 10.0 30.0 0.0 0.0
2 7.62 C 17 18.0 9.0 0.0 104.0 0.0
3 15.22 S 22 19.0 10.0 31.0 0.0 0.0
4 20.00 S 41 19.0 10.0 37.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3（before corrosion）
    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
σa' = 190N/mm2（Seismic condition）

Allowable displacement δa ＝ 50.0 mm（Regular condition）
δa'＝ 75.0 mm（Seismic condition）

    

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-406



2 Section force and Displacement

 (Regular condition)

    

 (Seismic condition)

    

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  58 (165) 36 (190)

Horizontal displacement δ  (mm) 18.13 (50.0) 11.16 (75.0)
Ｄ (m)  
Ｌ (m) 8.00   

Regular condition Seismic condition
Second moment of area

Modulus of section 

Total length

Max. bending moment 69.51 42.98
Stress intensity

Footing depth 5.25 5.25

A-407



 
 
 

 A-8-20 Structural calculation of steel sheet pile works (Type M)

<Bracing style sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design height  H= 4.90 m
Protruction lemgth H0= 0.00 m
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 1.65 m (Regular condition)

Lwa'= 1.20 m (Seismic condition)
Outside water level Lwp= 4.90 m (Regular condition)

Lwp'= 1.20 m (Seismic condition)
    
Tie-rod installation position Ht= 1.00 m
Tie-rod horizontal intervals l= 2.40 m
Tie-rod installation angle θ = 0.0000 degree
    
Method of calculation; Free earth support method
    
Virtual supporting point; Design front ground level     

depth

(m)
Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

Cohesive

soil

A-408



    
1-3 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    
Design Seismic coefficient (in the air) k= 0.080
                                                (under water)  Following formula proposed by Arai and Yokoi
    

Dynamic water pressure during earthquake;  Not considered
    
Cohesive soil collapse angle during earthquake;

    
Safety factor of footing depth;  1.50 （Regular condition）
                                           1.20 （Seismic condition）

1-4 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N’: Average N-value

Result of boring survey
No  Depth  N-value No  Depth  N-value

 m   m  
1 1.00 8
2 2.00 8
3 3.00 8
4 4.00 8
5 5.00 3
6 6.92 25    
7 8.92 23    
8 10.42 5    
9 11.42 17    

   

1-5 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)

Qa'= 5.0 kN/m2 (Seismic condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

Qp'= 0.0 kN/m2 (Seismic condition)

                       ｋ'＝
2(Σγt･ｈi＋Σγ･ｈj＋Ｑ) ＋ γ･ｈ

2(Σγt･ｈi＋Σ(γ－γw)･ｈj＋Ｑ) ＋ (γ－γw)･ｈ
･ｋ

                       ζ=tan-1 1-
Σγh+2Ｑ

2Ｃ
･tanθ

                       Ｋh ＝ 6910×Ｎ'0.406

1-6

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 4.90 S 8 19.0 10.0 30.0 0.0 0.0
2 5.52 C 2 18.0 9.0 0.0 12.0 0.0
3 10.72 C 24 18.0 9.0 0.0 146.0 0.0
4 14.32 S 15 19.0 10.0 28.0 0.0 0.0
5 20.00 S 45 19.0 10.0 38.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

 

1-7 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
    
Allowable stress σa = 165N/mm2（Regular condition）

σa' = 190 N/mm2
（Seismic condition）

    

1-8 Tie-rod

Diameter of tie-rod   calculated
    
Corrosion             considered（0.00mm）

    
Allowable stress σa = 176N/mm2

（Regular condition）
                     σa' = 264N/mm2

（Seismic condition）
    

1-9 Waling
    
Type                                    2×UPN-160×65
    
Modulus of section; 232  cm3
    
Corrosion ; considered（0.00mm）
Corrosion ratio; η ＝ 1.00
    
Allowable stress σa = 140N/mm2（Regular condition）
    σa' = 161N/mm2

（Seismic condition）

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

A-409



    
1-10 Bracing sheet pile

    
Calculation method       Chang's formula
                           
Crest elevation of bracing works  0.30 m (distance from tie-rod）
    
Materials                        PU12 (S270GP)
Young's modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21,600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1,200cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）
                   σa' = 190 N/mm2

（Seismic condition）
    
Allowable displacement   δa ＝ 50.0 mm（Regular condition）

δa'＝ 75.0 mm（Seismic condition）
    

2 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600   

Ｚ (cm3) 1200   
Ｍmax (kN･m/m)  
σ (N/mm2)  49 (165) 28 (190)
Ｄ (m)  
Ｌ (m) 6.00   

Tie-rod φ 32 mm

Tp (kN)
σ (N/mm2) 156 (176) 109 (264)

Waling  2×UPN-160×65

Z (cm3)  232
Ｍmax (kN･m)
σ (N/mm2) 130 (140) 91 (161)

PU12 (S270GP)

Ｉ  (cm4) 21,600

Ｚ  (cm3) 1,200
Ｍmax (kN･m)
σ (N/mm2) 25 (165) 18 (190)

Horizontal displacement δ  (mm) 3.6 (50.0) 2.51 (75.0)
Ｄ  (m) 5.43 5.43
Ｌ  (m) 6.00

 Bracing works Installation position

d (m)  

Footing depth 1.39 0.86

Regular condition Seismic condition
Second moment of area

Modulus of section 
Max. bending moment 59.23 34.05
Stress intensity

Total length

Regular condition Seismic condition
Tensile force 125.69 87.75

Regular condition Seismic condition

Stress intensity  

Regular condition Seismic condition
Modulus of section
Max. bending moment 30.17 21.06
Stress intensity  

Bracing sheet pile                 

Bracing works
Installation position

5.54 6.29

Second moment　of area

Modulus of section  
Max. bending moment 30.57 21.35
Stress intensity

Footing depth 
Total length 

Regular condition Seismic condition

A-410



 
 

Structural calculation of steel sheet pile works (Type M)

－ During construction －

<Cantilevered sheet pile wall>

1  Design conditions
    

1-1 Structural figure

1-2 Structural dimensions
    
Design base level H= 4.90 m
Protruction lemgth H0= 1.50
Top of sheet pile Hlt= 0.70 m
Inside water level Lwa= 1.50 m (Regular condition)
Outside water level Lwp= 1.50 m (Regular condition)
    

depth

(m)

Soil

type

Φ

(deg.)

N value

Sandy

soil

Sandy

soil

Sandy

soil

Cohesive

soil

Cohesive

soil

A-411



 
1-3 Calculation method

Calculation method           Chang's formula

Footing depth

    
1-4 Design constant parameters

 Unit weight of water   γw＝ 10.0  kN/m3

    
 Type of water pressure;  trapezoid  
    

1-5 Coefficient of horizontal subgrade reaction
 
Formula:

where,     N': Average N-value

1-6 Overburden pressure
 
Active pressure side Qa= 10.0 kN/m2 (Regular condition)
 
Passive pressure side Qp= 0.0 kN/m2 (Regular condition)

1-7

No. Depth Layer 
thickness

m m
1 4.90 3.40
2 5.52 0.62
3 10.72 5.20
4 14.32 3.60
5 20.00 5.68

  
No N-value

 m  kN/m3  kN/m3  Deg.  kN/m2  
1 4.90 S 8 19.0 10.0 30.0 0.0 0.0
2 5.52 C 2 18.0 9.0 0.0 12.0 0.0
3 10.72 C 24 18.0 9.0 0.0 146.0 0.0
4 14.32 S 15 19.0 10.0 28.0 0.0 0.0
5 20.00 S 45 19.0 10.0 38.0 0.0 0.0

Depth：Distance from the top of sheet pile     Ｃ ：Adhesive force
type：Sandy soil(S)、Cohesive soil(C)、Medium soil(M)  a ：Angle of adhesive force
Ｎvalue：average value
γ ：unit weight of humid soil
γ'：unit weight of soil under the water
φ ：internal friction angle

Soil constant

 Depth
type

  γ   γ'  φ   Ｃ   ａ

                       Ｋh ＝ 6910×Ｎ'0.406

 
1-8 Sheet pile

Type                                 PU12 (S270GP)
Young modulus Ｅ ＝ 200,000 N/mm2

Second moment of area Ｉ0＝ 21600cm4
（before corrosion）

Modulus of section Ｚ0＝ 1200 cm3
（before corrosion）

    
Corrosion allowance ｔ1＝ 0.00 mm (front side)    ｔ2＝ 0.00 mm (back side)
Corrosion ratio (againstＩ0) η＝ 1.00
Corrosion ratio (against Ｚ0) η＝ 1.00
Joint efficiency (against Ｉ0) µ＝ 1.00
Joint efficiency(againstＺ0) µ＝ 1.00
    
Allowable stress σa = 165N/mm2

（Regular condition）

Allowable displacement   δa ＝ 50.0 mm（Regular condition）

2 Section force and Displacement

    

3 Calculation results

Front sheet pile                                 PU12 (S270GP)

I (cm4) 21600  

Ｚ (cm3) 1200  
Ｍmax (kN･m/m)  
σ (N/mm2)  46  (165)

Horizontal displacement δ  (mm) 17.07  (50.0)
Ｄ (m)  
Ｌ (m) 9.50  Total length

Second moment of area

Modulus of section 
Max. bending moment 55.75
Stress intensity

Regular condition

Footing depth 5.23

depth

(m)

Lateral pressure (kN/m2)

Soil spring            (kN/m3) Displacement (m) Moment (kN･m/m) Shear force (kN･m)

A-412



APPENDIX A-9 

Structural Calculation of Ancillary Bridge

A-9-1. Structural calculation of ancillary bridge for Bahr Yusef and Ibrahimia -------  A-414 

A-9-2. Structural calculation of ancillary bridge for Badraman ---------------------------  A-435 

A-9-3. Structural calculation of ancillary bridge for Diroutiah -----------------------------  A-442 



A-9-1. Structural calculation of ancillary bridge  

for Bahr Yusef and Ibrahimia 
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A-9-2. Structural calculation of ancillary bridge for Badraman 















A-9-3. Structural calculation of ancillary bridge for Diroutiah 















APPENDIX A-10 

Design of Architecture

A-10-1. Design of control house -----------------------------------------------------------------  A-450

A-10-2. Design of local control house ----------------------------------------------------------  A-468 

A-10-3. Design of stop log house ----------------------------------------------------------------  A-479 



A-10-1. Design of control house 
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A-10-2. Design of local control house 























A-10-3. Design of stop log house 
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