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Synopsis

The level 1 reliability design method (partial factor design method) has been introduced as a 

performance verification method for overall stability of breakwaters and mooring facilities, according to 

the Japanese design standard for port facilities  whose title is "Technical Standards and Commentaries for 

Port and Harbour Facilities in Japan (2007)". The purpose of this study is to show a new direction for the 

Level 1 reliability design method in preparation for the  next revision of the standard, focusing on the 

following two points; 

1) Adoption of the partial factor design method based on Load and Resistance Factor 

Approach instead of the Material Factor Approach, and 

2) Readjustment of the target safety level for sliding failure and overturning failure of 

caisson type quay walls in permanent situations.  

 

Regarding the first point, the authors came to the conclusion that it’s rational to adopt Load and 

Resistance Factor Approach as the partial factor design method, especially for overall stability checks of 

port structures which are exposed to strong interaction effects between ground and structures.  

Regarding the second point, the authors proposed that the target safety level should be readjusted to 

the level of past structures designed by safety factor method. In addition, the authors also proposes two sets 

of partial factors based on Load and Resistance Factor Approach, which was calculated by using Monte 

Carlo Simulation as a reliability analysis method. 

Key Words : Level 1 reliability design method, Load and Resistance Factor Approach, Target safety 

level, Caisson type quay wall, Permanent situation, Monte Carlo Simulation 
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3) 
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3) 1.0m

1.0m

 

3)

0.5m 6

1 2  

0.5m  

 

 

3) 

 

 

3) 
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3) 

 

 

 sat = 20.0 kN/m3 

  t    = 18.0 kN/m3 

 

 

4)

Vs

Vc

Vs/Vc

3.03 2.78

3.0  

Vs

Vc 3.0

 

 

 

 

 

sat = 20.0 kN/m3 

 

c = 24.0 kN/m3 

 

c  = 1 24.0+3 20.0 / 4 = 21.0 kN/m3 

  

  

 
4) 

 

5)

100kgf/cm2(9.8MN/m2)

1.0kgf/cm2(98kN/m2) 4kgf/cm2(382kN/m2)

40

35 40
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6)
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30cm tanδ
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6) 

 

10 30kN/m2

30kN/m2  

 

8),9)

50t

2

1 12 15t

3 5

0.6  

0.6  

μ 0.6

 

 

1)  

31 3 1992  

2) 

No.115 1971  

3) 

No.702 1991  

4) 

No.716 1991  

5)

No.924 1999  

6)

No.916 1998  

7) 

No.268 1977  

8) 

25 1978  

9) 

( 2 ) 26 1979
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First-Order Reliability Method
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 ( 1 )  

Z   =  Rd  Sd  = μ ×  ( W U + Pv )   ( PH + PWH ) 

 μ  

W  

U  

Pv  

PH  

PWH  

 

 

W  =  H ×B × γC 

 H  = 8.5m  

B  = 2.7285m  

γC  

 

W  =  8.5 × 2.7285 × γC  = 23.192 × γC 

 

 

U = B × h1× γw 

 h1  = 4.5m+RWL  

RWL  

γw  = 10.1 kN/m3  

 

U =  2.7285 ×  ( 4.5 + RWL ) × 10.1 =  124.010 + 27.558 × RWL 

 

 

PH   =  1 / 2 ×Ka1 cosδ× [w + γt2 × h3 + γt1 ×  h2 +  (  γsat1 γw ) ×  h1 ] ×  h1 

         + 1 / 2 ×Ka1 cosδ× [w + γt2 × h3 + γt1 ×  h2                                  ] ×  h1 

   + 1 / 2 ×Ka1 cosδ× [w + γt2 × h3 + γt1 ×  h2                                  ] ×  h2 

   + 1 / 2 ×Ka1 cosδ× [w + γt2 × h3                                                   ] ×  h2 

   + 1 / 2 ×Ka2 cosδ× [w + γt2 × h3                                                   ] ×  h3 

   + 1 / 2 ×Ka2 cosδ× [w                                                                  ] ×  h3 

  Ka1  = 0.2011  

Ka2  = 0.3014  

δ  = 15  

w  = 30.0 kN/m3  

γt2  

γt1  

γsat1  

h2  = 1.8m RWL  

h3  = 2.2m  

 

 

 

μ

γ

γ

γ

γ

γ

δ
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PH   =  1 / 2 × 0.1942 × Ka × [30 + γt2 × 2.2 + γt1 ×  ( 1.8 RWL ) +  (  γsat1 10.1 ) ×  ( 4.5 + RWL ) ] ×  ( 4.5 + RWL ) 

         + 1 / 2 × 0.1942 × Ka × [30 + γt2 × 2.2 + γt1 ×  ( 1.8 RWL )                                                       ] ×  ( 4.5 + RWL ) 

   + 1 / 2 × 0.1942 × Ka × [30 + γt2 × 2.2 + γt1 ×  ( 1.8 RWL )                                                       ] ×  ( 1.8 RWL ) 

   + 1 / 2 × 0.1942 × Ka × [30 + γt2 × 2.2                                                                                          ] ×  ( 1.8 RWL ) 

   + 1 / 2 × 0.2911 × Ka × [30 + γt2 × 2.2                                                                                          ] × 2.2  

   + 1 / 2 × 0.2911 × Ka × [30                                                                                                           ] × 2.2  

 =  1 / 2 × 0.1942 × Ka × ( γsat1 γt1 10.1 )RWL2 

       + 1 / 2 × 0.1942 × Ka × ( 9.0γsat1 9.0γt1 90.9 )RWL 

         + 1 / 2 × 0.1942 × Ka × ( 20.25γsat1 + 19.44γt1 + 27.72γt2 + 173.475 ) 

 + 1 / 2 × 0.2911 × Ka × ( 4.84γt2 + 132 ) 

 

  Ka  

 

 

PV  =   tanδ× PH = 0.268 × PH 

=  0.268 × 1 / 2 × 0.1942 × Ka × ( γsat1 γt1 10.1 )RWL2 

       + 0.268 × 1 / 2 × 0.1942 × Ka × ( 9.0γsat1 9.0γt1 90.9 )RWL 

         + 0.268 × 1 / 2 × 0.1942 × Ka × ( 20.25γsat1 + 19.44γt1 + 27.72γt2 + 173.475 ) 

 + 0.268 × 1 / 2 × 0.2911 × Ka × ( 4.84γt2 + 132 ) 

 

 

PWH  =  1 / 2 ×γw × RWL2 +γw × RWL ×LWL 

  LWL  = 4.5m  

 

PWH  =  1 / 2 × 10.1 × RWL2 + 10.1 × RWL × 4.5 

        =  5.05 × RWL2 + 45.45 × RWL 

 

( 2 )  

Z μ γC RWL Ka γsat1 γt1 γt2  

 

∂Z / ∂μ = W U + PV = W U + 0.268 × PH 

 =23.192 × γC 124.010 + 27.558 × RWL  

+0.268 × 1 / 2 × 0.1942 × Ka × ( γsat1 γt1 10.1 )RWL2 

       + 0.268 × 1 / 2 × 0.1942 × Ka × ( 9.0γsat1 9.0γt1 90.9 )RWL 

          + 0.268 × 1 / 2 × 0.1942 × Ka × ( 20.25γsat1 + 19.44γt1 + 27.72γt2 + 173.475 ) 

  + 0.268 × 1 / 2 × 0.2911 × Ka × ( 4.84γt2 + 132 ) 

 

 

∂Z / ∂γC = 23.192 × μ 

 

 

∂Z / ∂γsat1  = (0.268μ 1 ) × 0.1942 / 2 ×  Ka  × ( RWL2 + 9 × RWL + 20.25 ) 

 

 

∂Z / ∂γt1  = (0.268μ 1 ) × 0.1942 / 2 × Ka × ( RWL2 9 × RWL + 19.44 ) 

γ

γ

γ

γ

δ

δ
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∂Z / ∂γt2  = 3.396 × Ka ×  ( 0.268μ 1 ) 

 

 

∂Z / ∂RWL = 27.558μ + (0.268μ 1 )  

× {0.1942 × Ka  × ( γsat1 γt1 10.1 )RWL + 1 / 2 × 0.1942 × Ka  × ( 9γsat1 9γt1 90.9 )} 10.1RWL 45.45 

 

 

∂Z / ∂Ka  =   ( 0.268μ 1 ) × {1 / 2 × 0.1942 ×  ( γsat1 γt1 10.1 )RWL2  

+ 1 / 2 × 0.1942 ×  ( 9γsat1 9γt1 90.9 )RWL 

 + 1 / 2 × 0.1942  ×  ( 20.25γsat1 + 19.44γt1 + 27.72γt2 + 173.475 ) 

 + 1 / 2 × 0.2911 ×  ( 4.84γt2 + 132 )} 

 

 

(1 )  

Z   =  Rd  Sd 

 =  ( Wx Ux + PVx )   ( PHy + PWHy  ) 

 Wx  

Ux  

PVx  

PHy  

PWHy  

 

 

WX =  H × B × γC × B / 2 

 H  = 8.5m  

B  = 3.2555m  

γC  

 

WX =  8.5 ×3.2555 × γC ×3.2555 / 2 = 45.043 × γC 

 

 

UX  = B × h1× γw × B / 2 

 h1  = 4.5m+RWL  

RWL  

γw  = 10.1 kN/m3  

 

UX  = 3.2555 ×  4.5 + RWL ×10.1 ×3.2555 / 2 

= 53.521 × RWL + 240.846 

 

 

PHY =   1 / 2 ×Ka1 cosδ× [w + γt2 ×h3 + γt1 ×h2+ ( γsat1 γw ) ×h1] × h1 × 1 / 3 × h1 

         + 1 / 2 ×Ka1 cosδ× [w + γt2 ×h3 + γt1 ×h2                            ] × h1 × 2 / 3 × h1 

   + 1 / 2 ×Ka1 cosδ× [w + γt2 ×h3 + γt1 ×h2                            ] × h2 × [h1 + 1 / 3 × h2] 

   + 1 / 2 ×Ka1 cosδ× [w + γt2 ×h3                                          ] × h2 × [h1 + 2 / 3 × h2]  

γ

γ
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   + 1 / 2 ×Ka2 cosδ× [w + γt2 ×h3                                          ] × h3 × [h1 + h2 + 1 / 3 × h3] 

   + 1 / 2 ×Ka2 cosδ× [w                                                         ] × h3 × [h1 + h2 + 2 / 3 × h3] 

 

  Ka1  = 0.2011  

Ka2  = 0.3014  

δ  = 15  

w  = 30.0 kN/m3  

γt2  

γt1  

γsat1  

h2  = 1.8m RWL  

h3  = 2.2m  

 

PHY = 1 / 2 ×0.1942 × Ka × [30 + γt2 × 2.2 + γt1 ×  ( 1.8  RWL ) + ( γsat1 10.1 ) ×  ( 4.5 +  RWL )]  

× ( 4.5 + RWL ) × 1 / 3 × (4.5 + RWL ) 

         + 1 / 2 × 0.1942 × Ka × [30 + γt2 × 2.2 + γt1 ×  ( 1.8  RWL )                                                   ]  

× ( 4.5 + RWL ) × 2 / 3 × (4.5 + RWL )  

   + 1 / 2 × 0.1942 × Ka × [30 + γt2 × 2.2 + γt1 ×  ( 1.8  RWL )                                                   ]  

×  ( 1.8 RWL ) × [(4.5 + RWL ) + 1 / 3 ×(1.8 RWL )] 

   + 1 / 2 × 0.1942 × Ka × [30 + γt2 × 2.2                                                                                       ] 

×  ( 1.8 RWL ) × [(4.5 + RWL ) + 2 / 3 ×(1.8 RWL )] 

   + 1 / 2 × 0.2679 × Ka × [30 + γt2 × 2.2                                                                                       ]  

× 2.2 × [(4.5 + RWL ) + (1.8 RWL ) + 1 / 3 × 2.2] 

   + 1 / 2 × 0.2679 × Ka × [30                                                                                                        ]  

× 2.2 × [(4.5 + RWL ) + (1.8 RWL ) + 2 / 3 × 2.2] 

 = 1 / 6 × 0.1942 × Ka ×[ ( γsat1 γt1 10.1 )RWL3 + 13.5(γsat1 γt1 10.1 )RWL2 + 60.75 ( γsat1 γt1 10.1 )RWL 

             + (91.125γsat1 + 261.954γt2 + 158.922γt1 + 2651.737 )] + 1 / 6 × 0.2911 × Ka ×[102.124γt2 + 2930.4] 

 

  Ka  

 

 

Pvx   = { 1 / 2 ×Ka1 cosδ× [w + γt2 × h3 + γt1 ×  h2 +  (  γsat1 γw ) ×  h1 ] ×  h1  

         + 1 / 2 ×Ka1 cosδ× [w + γt2 × h3 + γt1 ×  h2                               ] ×  h1 

   + 1 / 2 ×Ka1 cosδ× [w + γt2 × h3 + γt1 ×  h2                               ] ×  h2 

   + 1 / 2 ×Ka1 cosδ× [w + γt2 × h3                                                ] ×  h2  

   + 1 / 2 ×Ka2 cosδ× [w + γt2 × h3                                                ] ×  h3  

   + 1 / 2 ×Ka2 cosδ× [w                                                               ] ×  h3 } 

×tanδ × B 

= 0.1942 / 2 × 3.2555 × 0.2679 × Ka ×  

[(γsat1 γt1 10.1 )RWL2  + 9 ( γsat1 γt1 10.1 )RWL  

+ (20.25γsat1 + 27.72γt2 + 19.44γt1 + 173.475 )]  

+ 0.2911 / 2 × 3.2555 × 0.2679 × Ka ×  ( 4.84γt2 + 132 ) 

 

 

 

γ

γ

γ

δ

y2 y3 y4

γ

γ

γ

δ
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PWHY  = 1 / 2 ×γw × RWL2 × 1 / 3 × RWL + LWL  

+  γw × RWL × LWL × 1 / 2 × LWL  

  LWL  = 4.5m  

PWHY = 1 / 6 × 10.1 × RWL3 + 1 / 2 × 45.45 × RWL2 + 1 / 2 × 204.525 × RWL 

 

 ( 2 )  

Z γC RWL Ka γsat1 γt1 γt2  

 

∂Z / ∂γC  =  45.043 

 

 

∂Z / ∂γsat1 = ∂Pvx / ∂γsat1 ∂PHY / ∂γsat1 

          = 1 / 2 × 0.1942 × Ka × 3.2555 × 0.2679 ×  ( RWL2 + 9RWL + 20.25 ) 

 1 / 6 × 0.1942 × Ka ×  ( RWL3 + 13.5 RWL2 + 60.75RWL + 91.125 ) 

 

 

∂Z / ∂γt1 = ∂Pvx / ∂γt1 ∂PHY / ∂γt1 

 = 1 / 2 × 0.1942 × Ka × 3.2555 × 0.2679 ×  ( RWL2 + 9RWL + 19.44 ) 

                        1 / 6 × 0.1942 × Ka ×  ( RWL3 13.5 RWL2 60.75RWL + 158.922 ) 

 

 

∂Z / ∂γt2 = ∂Pvx  / ∂γt2 ∂PHY / ∂γt2 

          = 1 / 2 × 0.1942 × Ka × 3.2555 × 0.2679 × 27.72  + Ka / 2 × 0.2911 × 3.2555 × 0.2679 × 4.84 

              1 / 6 × 0.1942 × Ka × 261.954 Ka / 6 × 0.2911 × 102.124 

 = 10.471Ka 

 

 

∂Z / ∂RWL = ∂UX / ∂RWL + ∂PVX / ∂RWL ∂PHY / ∂RWL ∂PWHY / ∂RWL 

          = 53.521  + 1 / 2 × 0.1942 × Ka × 3.2555 × 0.2679 × [2 ( γsat1 γt1 10.1 )RWL + 9(γsat1 γt1 10.1 )] 

                      1 / 6 × 0.1942 × Ka × [3 ( γsat1 γt1 10.1 )RWL2 + 27 ( γsat1 γt1 10.1 )RWL + 60.75 ( γsat1 γt1 10.1 ) ] 

                          5.05RWL2 45.45RWL 102.263 

 = 5.05RWL2 45.45RWL 155.784 + 1 / 2 × 0.1942 × Ka × 3.2555 

 × 0.2679 ×  ( 2RWL + 9 )(γsat1 γt1 10.1 ) 1 / 6 × 0.1942 × Ka × ( 3RWL2 + 27RWL + 60.75 )( γsat1 γt1 10.1 ) 

 

 

∂Z / ∂Ka = ∂PVX / ∂Ka ∂PHY / ∂Ka 

   + 1 / 2 × 0.1942 × 3.2555 × 0.2679 × [(γsat1 γt1 10.1 )RWL2 + 9 ( γsat1 γt1 10.1 )RWL 

 + (20.25γsat1 + 27.72γt2 + 19.44γt1 + 173.475 )] + 1 / 2 × 0.2911 × 3.2555 × 0.2679 ×  ( 4.84γt2 + 132 ) 

                        1 / 6 × 0.1942 × [(γsat1 γt1 10.1 )RWL3 + 13.5(γsat1 γt1 10.1 )RWL2 

 + 60.75 ( γsat1 γt1 10.1 )RWL + (91.125γsat1 + 261.954γt2 + 158.922γt1 + 2651.737 )] 

                                  1 / 6 × 0.2911 ×  ( 102.124γt + 2930.4 ) 

 

 

 

γ

y'2
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1)

=2.41(t/m3) =0.0448(t/m3)   
1)

2 10

 

=1.019 =0.0376   

  

 

1) 

 

 

 

 

    RC  = 24.00 kN/m3 

  /Xk = 2.41 9.8 / 24.0 = 0.98 

     = 0.0448  9.8 = 0.44 

    V  = 0.44 / (2.41 9.8) = 0.02 

    *
RC  = 24.0 0.98 = 23.52 kN/m3 

 

 

    S  = 20.00 kN/m3 

  /Xk = 1.019 = 1.02 

    = 0.0376 = 0.04  

    V  =0.04 / 1.02 = 0.04 

    *
S  = 20.00 1.02 = 20.4 kN/m3 

     =0.04 20.4 = 0.816  
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     C   = 1 24.0+3 20.0 / 4 = 21.0 

 /Xk  = (1/4 23.52+3/4 20.40) / 21.0 

         = 1.01 

      = {(1/4 0.44)2+(3/4 0.816)2 }1/2 

= 0.62 

  V  = 0.62 / (21.0 1.01) = 0.03 
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