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１．  Introduction 
 
 A swing type torsion gate has been proposed in the separate report "Swing Type" and its concept 

design has been shown also. The swing type is operated with the aid of tidal flow. Although the gate 

body is accelerated by tidal force and comes to a stop due to collision of a gate bottom support seat 

against a water bottom concrete structure at a gate's totally closed position, tidal energy will be 

dissipated by a gate body friction force at certain rate and also gate body kinetic energy will be 

absorbed into the flexible gate body and convert to strain energy there and it is expected that the 

power of impact will remarkably mitigate. The purpose of this report is ① to analyze the gate body 

strain energy caused by the collision and ②  to confirm feasibility of the energy dissipation by the 

friction force and the mitigation of impact power by the flexibility of gate body structure. 
 
 The analysis is made on the concept design shown on the proposal report. Table 1 shows data for 

the design planning. 
Table－１ Planning data 

 
 
 In the report, the tidal force acting on the gate body is sometimes converted into water-level 

difference which is designated as tide difference Δｈ  or Δｈ . 
 
 Firstable, the gate body strain energy was analyzed based on a condition that the strain energy 

caused by the collision is supposed to equal or be two times the strain energy caused by high tide 

and many useful information about the collision and upper limit of the gate body kinematic energy 

when it comes into collision have been obtained. 
 
 Secondly, constant function, linear function and parabolic function were introduced into 

distribution of Δｈ  and kinetic energy of the three distribution functions was calculated. 

Although Δｈ  of sea side to port side direction is working in all cases, there is no tidal flow on 

the gate port side in case of the constant function that means 0 working pressure on the gate body 
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port side and there is tidal flow on the gate port side in case of the linear and the parabolic 

functions and the flow impact to the working pressure on the port side of the parabolic function is 

bigger than the linear function. The three function's kinetic energies calculated on representative 

friction coefficients were graphically shown and observation of operation method in the tidal flow 

was made on each graph, that brought out following conclusions.  
 
（１）  The kinetic energy of the gate body gradually converts to the strain energy through the 

structural flexibility of the gate body and the forces acting on the gate due to collision can be 

quantified in the form of the inertia force and its reaction. 
 
（２）  In addition to the reaction force described above, the gate bottom support seat will get 

impact force which corresponds to the gate section's rotational acceleration due to collision. The 

seat shall have sufficient flexibility as well as high degree strength, accordingly. 
 
（３）  The tidal energy can be dissipated with the help of a friction force chart. The chart is 

prepared according to results of model and prototype experiments. 
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２．  Angular acceleration and strain energy of the gate body 
 
２．１  Angular acceleration 
 
 A calculation formula of the gate body angular acceleration given by the tidal force is derived. 
 

Fig. －１ Working forces on the gate body 
 
  Fig. －１  is a plan which shows a half span of gate body and forces working on it. The left end 

is a support end (swing center), the right end is a nonsupport end, l is the span ÷ 2, Ｆf is 

friction force of the friction shoe, ｍα／ｇ  is unit width inertia force, ｍ  is unit width weight, 

α  is acceleration, ｇ  is gravity acceleration, ｆΔｈ  is unit width thrust force of the tide 

difference Δｈ  and ｘ  show direction of the ｘ  axis whose original point is the swing center. 

α  is a linear function of ｘ  and ｍ  is a total of virtual mass and the gate weight and is constant 

distribution. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －２ The gate body's present and completely closed position 
 
  Equation of motion is formulated as blow according to equilibrium of moment at the swing 

center. 
6a                              6a 

   ∫ｍα÷ｇ×ｘｄｘ＋５ａＦf = ∫ｆΔｈｘｄｘ              ･･････(2.-1) 
    0                              0 
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 Fig. －２  shows the present and the totally closed position of the gate body in angular, θ  and 

θc from its bottom mounting position. α  of formula (2.-2) is inserted into formula（2.-1), and 

formula (2.-3) is obtained after the integration. 
 
       ･･ 
 α  = θｘ                                                  ･･････(2.-2) 
 
         ･･      ２ 
 ｍ６ａθ（６ａ）÷（３ｇ）＋５ａＦf = ｆΔｈ６ａ（６ａ）÷２      ･･････(2.-3) 
 
  ｍ６ａ= Ｍ(Total weight), ｆΔｈ６ａ  = ＦΔｈ(Total thrust) and ６ａ  = ｌ  are inserted 

into the above formula and following angular acceleration formula is obtained. 
 
   ･･ 
 θ＝３ｇ÷（２Ｍｌ）×（ＦΔｈ－５Ｆf÷３）                       ･･････(2.-4) 
 
２．２  Strain energy 
 
 For a process simplification, strain energy includes only shearing strain which corresponds to 

external torsion moment and excludes all other elements. This approximation will not interrupt 

grasping the whole picture. 
 
２．２．１  Shell plate thickness selection 
 
①  The plate thickness selection is made for stress due to the external moment which works on the 

gate body at high tide condition. All other elements are considered in the allowable stress. 
②  Steel grade and allowable stress: As shown in Fig －２ . 
 

Fig. －２ Allowable shearing stress and yield point 

 
 
③Selection：Allowable stress on Fig. －２  and selection condition on Table －３  are applied. 
 

Table －３  Thickness selection condition 
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２．２．２  Calculation formula of strain energy 
 
 The strain energy formula is derived from below general formula which is shown in various 

handbooks. 
       n    ２      ２ 
 Ｕ  = ΣＴ i÷（８ＡＧ）÷ｔ iＬgΔＬ i                         ･･････(2.-5) 
      i = 1 
 τ i = Ｔ i÷（２Ａｔ i）                                        ･･････(2.-6) 
 whereＴ i: External torsion moment of i section 
        Ａ : Area of a box section 
        Ｇ : Shearing elastic coefficient 
        ｔ i: Plate thickness of i section block 
        Ｌg: Girth length of Ａ 
        ΔＬ i：Length of i section block 
        Ｕ : Shearing strain energy of the gate body 
        τ i: Shearing stress due to torsion of i section 
 
  Ｔ i is derived from formula (2.-6), after replaced by τ i＝τai (allow able shearing stress of i 

section) and the strain calculation formula is obtained after the Ｔ i in formula (2.-5) is replaced 

by it. 
       n         ２ 
 Ｕ＝ΣＬgｔ iτai÷（２Ｇ）ΔＬ i                           ･･････(2.-7) 
      i=1 
 
 In addition, ｔ i is derived from formula (2.-6), after replaced by τ i＝τ ai (allow able 

shearing stress of i section) and another strain calculation formula is obtained after the ｔ i in 

formula (2.-7) is replaced by it and the Σ  in the formula is replaced by a integration mark. 
       ｌ                            ｌ 
  Ｕ＝∫Ｌgτa÷（４ＡＧ）Ｔｄｘ＝Ｃ∫Ｔｄｘ                 ･･････(2.-8) 
       ０                            ０ 
  where Ｃ : A constant with regard to ｘ 
 
 Formula (2.-5) gives strain energy with respect to the external torsion moment and formula 

(2.-8) and formula (2.-7) give strain energies with respect to respectively the calculated shell plate 

thickness and the selected shell plate thickness whose stresses are both in the state of the allowable 

level. 
 
 
２．２．３  Torsion moment calculation formula of the collision 
 
 The gate body's torsion which occurs when the gate body bottom support seat hits the water 

bottom concrete structure is deemed to be due to the gate body inertia force. Suppose the inertia 

force acting on the gate body unit width section is in linear to speed of the section, the torsion 

moment externally acting on the section will be in the form of following. 
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  ｍ i = ａｘ÷ｌ                                            ･･････(2.-9) 
  where  ａ : Constance 
        ｌ : Gate span ÷２ 
        ｘ : A point on the x axis shown on Fig. －１ 
 
 As against this, the torsion moment acting on the gate body unit width due to water pressure of 

high tide will be in the form of following. 
 
  ｍw = ｌ                                                  ･･････(2.-10) 
 
  The two formulae are integrated from ｌ  to ｘ  along the ｘ  axis and the external torsion 

moment at arbitrary gate section is obtained. 
 
                            ２ 
  At collision: Ｔ i = ａ（ｌ－ｘ÷ｌ）÷２                       ･･････(2.-11) 
 
  At high tide: Ｔw = ｌ－ｘ                                    ･･････(2.-12) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －３  A shape of the external moments 
 
 The coefficient ａ  is approximately determined according to formula (2.-8) so that that the 
strain energies due to the two external torsion moments may become equal.
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                       ｌ       ２                     ２ 
  At collision: Ｕ i = Ｃａ∫（ｌ－ｘ÷ｌ）÷２ｄｘ  = ａＣｌ÷３     ･･････(2.-13) 
                       ０ 
                      ｌ                    ２ 
  At high tide: Ｕw = Ｃ∫（ｌ－ｘ）ｄｘ  = Ｃｌ÷２                ･･････(2.-14) 
                      ０ 
 
  ａ  = １．５  is obtained by setting Ｕ i = Ｕw. Fig. －３  shows a shape of the external 

moments of formula (2.-9) through (2.-12). ｌ  is set ４  for a convenience of graphical 

expression. To increase the degree of approximation, the coefficient ａ  is expressed by following 

formula where the modification factor is determined by numerical calculation of the strain energies. 
 
  ａ  = １．５×Modification factor                                  ･･････(2.-15) 
 
２．２．４  Reaction force of the bottom support seat 
 
 Reaction force of the gate bottom support seat at collision is a part of coupling force which 

corresponds to the external moment of formula (2.-9) and its magnitude is given by following 

formula. 
 
 Support seat reaction force = The external moment at high tide ×ａ 
          ÷vertical distance between the inertia force center and the support seat ･･････
(2.-16) 
  where lａ : The ａ  of formula (2.-15) 
 
  Although formula (2.-16) is a reaction force of the inertia force, it will be 0 at the instant of 

collision, increase gradually and become the value given by the formula when the strain energy 

accumulation amount arrives at the allowable maximum. The gate body will start to rotate around 

the bottom support seat when the support seat hits the water bottom concrete structure and the seat 

design will need a consideration to absorb the impact power which may result from the 

commencement of the rotation. 
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２．３  Results of calculation 
 
２．３．１  The calculated shell thickness and the selected shell thickness 
 

Table －４  Calculated thickness and selected thickness 

 

２．３．２  Weight of the gate body 
 

Table －５ Gate body weight 
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２．３．３  The modified ａ  and the external moment 
 
①The modified ａ 
 
  Modification factor for the ａ  is １．０６６  which was obtained from the strain energy 

calculation. The ａ  of formula (2.-15) is given as below, accordingly. 
  ａ  = １．５×１．０６６  ≒  １．６                              ････(2.-17) 
 
②The external moments 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －４ External moments (Unit width) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －５  External moments (Integrated) 
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 Fig. －４  and ５  are calculated results of the external moments. Fig. －４  shows unit width 

external moments distribution and Fig. －５  shows their integration. The external moments of 

collision have been so determined that their gate body shearing strain energy may equal to these of 

high tide. The strain energy is calculated according to the integrated external moments. 
 
２．３．４  Strain energy 
 

Table －６ Strain energy at high tide （Ｕw） 

 

 
Table －７  Strain energy at collision （Ｕ i） 

 

 Table －６  and ７  are calculated results of the gate body strain energies. Table －６  
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corresponds to the external moment at high tide and Table－７  the external moments at collision. 

The strain energy was calculated for the shearing stress in the state of allowable level (τ  = τa) 
and also in the state of twice the allowable level (τ  = ２τa). The total Ｕ i of τ  = τa (limit 

１) andτ  = ２τa (limit ２) at the high tide (Table －６) are supposed to be the allowable 

limits of the gate body kinetic energy created by tidal force. The limit １  corresponds to the 

allowable stress level of the gate body and the limit ２  corresponds to about the 95 % yield point 

level. The strain energies at the collision (Table －７) have been calculated corresponding to the 

energies of Table －６ . The modification factor of the formula (2.-15) was so determined that the 

energy value total of both tables may equal. For reference, the external moment of the limit ２  is 

twice the limit １  and the strain energy four times. 
 
２．３．５  The bottom support seat reaction force and the gate body speed due to collision 
 

Table －８  Bottom support seat reaction force 

 
 
 Table －８  is a reaction force calculation result of the gate body bottom support seat which is 

subject to impact power of collision. The reaction force shown corresponds to the maximum 

external moment of Fig. －４  and their magnitude level is within the range which usual civil 

technology can afford to manage. The reaction force at the instant of collision is zero and will reach 

at the table values when the gate body strain energy becomes the limit values. Besides this, the gate 

body will start to rotate around the bottom support seat when the support seat hits the water bottom 

concrete structure and the seat design will need a consideration to absorb the impact power which 

may result from the commencement of the rotation (Flexibility for the impact and high strength for 

the reaction force). 
 

Table －９  Gate body speed at collision 

 
 Table －９  is calculation results of the gate body speed at collision. Angular speed and the tip 
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speed are shown on the table. The velocities were obtained by formulae (3.-8) and (3.-9) after the 

total Ｕw (energy levels of the limit １  and the limit ２) of Table －６  was inserted into Ｗk 

of these formulae. The result corresponds to the support seat reaction force of Table －８ . For 

reference, the inertia weight is a sum of the gate weight and the virtual weight (water) and the 

virtual weight of very low estimation accuracy occupies nearly 90 % of the sum. Suppose the 

inertial weight is half in quantity, the speed of the gate body would be √2 times the calculated 

result. It is estimated that real value may stay between the two. 
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３．  Kinetic energy of the gate body 

 
Fig. －６ Effect of tidal flow 

 
 The kinetic energy of gate body can be grasped as amount of work made by acting force or as 

amount of kinetic energy in the gate body accumulated by acting force. Although the acting force is 

deemed to be water-level difference converted from tidal flow, in short, the tide difference Δｈ , 

or, merely Δｈ , there always exists tidal flow on the sea side and the port side of the gate body 

except when the gate is at completely closed position and the real magnitude of acting force is 

different from Δｈ  because of the flow existence. Suppose, for instance, there is the tide 

difference Δｈ  between the port side and the sea side on Fig. －６  where θ  is angle to the 

bottom mounting position of the gate body's present position and θc is angle of the completely 

closed position. Since tidal flow exists on the port side of the gate body and a slope of water surface 

forms there, the tide difference decreases by the slope height. The tide difference approaches Δｈ  

as the tidal flow impact range decreases due to θ increase and becomes Δｈ  when θ  = θc and 

the tidal flow diminishes. The tide difference change like this is replaced by following 3 functions 

and their impact on the kinetic energy is grasped. 
 
①Constant function: ｈ= Δｈ                                       ････(3.-1) 
 
②Linear function: ｈ  = Δｈ×（θ÷θc）                        ････(3.-2) 
                                       ２ 
③Parabolic function: ｈ  = Δｈ×（θ÷θc）                        ････(3.-3) 
 
  The constant function is the case whose energy level is higher than reality since the tide 

difference Δｈ  works on the sea side and the tidal flow effect on the sea and port side is 

neglected. The linear function is the case whose energy level may be too high or too low since the 



- 14 - 

tidal flow effect on the sea side is neglected although that of the port side is considered. The 

parabolic function is the case whose energy level is the lowest among the three functions since the 

tidal flow effect on the port side is approximately considered and its effective intensity is much 

more than the linear function. In short, it may be full potential that the real energy level exists 

between the constant function and the parabolic function. 
 
３．１  Formula to calculate kinetic energy of the gate body 
 
３．１．１  Constant function 
 
 Calculation formula of the kinetic energy caused by the tidal force is derived in the form of work 

made by the tidal force and the kinetic energy accumulated in the gate body. 
 
（１）  Work (Ｗw) 
 
                               l 
  Ｗw = Force×Travel distance = ∫θcｘｆΔｈｄｘ－θcｌ×５Ｆf÷６  ･･････(3.-4) 
                               0 
 
 Above formula is integrated and a replacement is made by ｆΔｈｌ  = ＦΔｈ  to get below 

formula. 
 
  Ｗw = θcｌ÷２（ＦΔｈ－５Ｆf÷３）                          ･･････(3.-5) 
 
（２）  kinetic energy (Ｗk) 
 
                  ･   ･･ 
  Angle velocity = θ  = θｔ 
                   ･･ ２                                   ･･ １／２ 
 Final angle = θ  = θｔ÷２＝θc, Accordingly, ｔ  = （２θc÷θ） 
                      ･   ･･         ･･ １／２          ･･ １／２ 
  Final angle velocity = θ  = θ（２θc÷θ）     = （２θcθ） 
                             ･･ １／２ 
  Final velocity = ｖ  = ｘ（２θcθ） 
 
                         ２       l          ２     ･･ 
  Ｗk = Mass×Final velocity ÷２  = ∫ｍ÷ｇ×ｘ２θcθｄｘ÷２    ･･････(3.-6) 
                                 0 
  Above formula is integrated and a replacement is made by ｍｌ  = Ｍ , then below formula is 

obtained after formula (2.-4) is inserted. 
 
  Ｗk = θcｌ÷２（ＦΔｈ－５Ｆf÷３）                          ･･････(3.-7) 
 
  Consequently, Ｗk and Ｗw are equal. 
 
 Formula of the gate body speed at collision is derived. 
 
                        ･ 
  Gate velocity = Ｖ  = ｘθ 
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                         ２       l             ･ ２               ･ ２ 
  Ｗk = Mass× Final velocity ÷２= ∫ｍ÷ｇ×(ｘθ)ｄｘ÷２  = Ｍ(ｌθ)÷(６ｇ) 
                                 0 
  Accordingly, 
                                 ･                １／２ 
  Gate angular velocity at collision = θ  = （６ｇＷk÷Ｍ）÷ｌ          ･･････(3.-8) 
                                             １／２ 
  Gate tip velocity at collision = Ｖ  = (６ｇＷk÷Ｍ）                  ･･････(3.-9) 
 
３．１．２  Linear function 
 
 Calculation formula of the kinetic energy caused by the tidal force is derived in the form of work 

made by the tidal force and the kinetic energy accumulated in the gate body. 
 
（１）  Work (Ｗw) 
 
                              l θc 
  Ｗw = Force×Travel distance = ∫∫ｆΔｈ(θ÷θc)ｘｄθｄｘ－θcｌ×５Ｆf÷６ 
                              0 0  
                                                              ･･････(3.-10) 
 
 Above formula is integrated and a replacement is made by ｆΔｈｌ  = ＦΔｈ  to get below 

formula. 
 
  Ｗw = θcｌ÷２（ＦΔｈ÷２－５Ｆf÷３）                    ･･････(3.-11) 
 
 Fig. －７  shows the tide difference distribution along θ  axis. θ  axis, ｘ  axis (vertical to 

the paper) and θc are as same as Fig. －６ . The vertical axis is the tide difference and Δｈf is a 

value of Δｈ  whose thrust force equals the shoe friction force. The area of △ａｂｃ  is linear to 

the first term of formula (3.-11) and the area of □ｂｃｄｅ  is linear to the second term of the 

formula. Consequently formula (3.-11) was overly deducted by △ｅｂｆ  since the gate move due 

to the tide difference does not occur in the range of Δｈ≦Δｈf and the formula is modified as 

below accordingly. 
 
  Ｗw = θcｌ÷２｛ＦΔｈ÷２×（１＋Δｈf÷Δｈ）－５Ｆf÷３｝･･････(3.-12) 
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Fig. －７ Tide difference distribution (Linear function) 
 
 
（２）  kinetic energy (Ｗk) 
 
 Formula (2.-4) is modified as below based on the assumption of the tide difference linear 

function. 
 
   ･･ 
 θ  = ３ｇ÷（２Ｍｌ）｛ＦΔｈ×（θ÷θc）－５Ｆf÷３｝          ･･････(3.-13) 
 
  The mean angle acceleration is calculated. 
  θc ･･                                  ２                        θc 
  ∫θｄθ  = ３ｇ÷（２Ｍｌ）［ＦΔｈ×（θ÷２θc）－５Ｆf÷３×θ］ 
  0                                                               0 
          = ３ｇ÷（２Ｍｌ）×θc（ＦΔｈ÷２－５Ｆf÷３） 
 
                      ･･    ･･ 
  Mean angle acceleration = θｍ  = θ÷θc = ３ｇ÷(２Ｍｌ)×(ＦΔｈ÷２－５Ｆf÷３) 
                                                                  ･･････(3.-14) 
                  ･   ･･ 
  Angle velocity = θ  = θｍｔ 
                   ･･  ２                                      ･･ １／２ 
 Final angle = θ  = θｍｔ÷２  = θc,  accordingly, ｔ  = （２θc÷θｍ） 
                      ･   ･･          ･･  １／２        ･･  １／２ 
  Final angle velocity = θ  = θｍ（２θc÷θｍ）  = （２θcθｍ） 
                              ･･  １／２ 
  Final velocity = ｖ  = ｘ（２θcθｍ） 
 
                         ２       l          ２     ･･ 
  Ｗk = Mass×Final velocity ÷２  = ∫ｍ÷ｇ×ｘ２θcθｍｄｘ÷２   ･･････(3.-15) 
                                 0 
  Above formula is integrated and a replacement is made by ｍｌ  = Ｍ , then below formula is 
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obtained after formula (3.-14) is inserted. 
 
  Ｗk = θcｌ÷２（ＦΔｈ÷２－５Ｆf÷３）                       ･･････(3.-16) 
 
  Consequently, Ｗk and Ｗw of formula (3.-11) are equal. 
 
 Formula (3.-16) is modified to get formula (3.-17) for the reason for which formula (3.-11) was 

modified to get formula (3.-12). 
 
  Ｗk = θcｌ÷２｛ＦΔｈ÷２×（１＋Δｈf÷Δｈ）－５Ｆf÷３｝･････(3.-17) 
 
３．１．３  Parabolic function 
 
 Calculation formula of the kinetic energy caused by the tidal force is derived in the form of work 

made by the tidal force and the kinetic energy accumulated in the gate body. 
 
（１）  Work (Ｗw) 
 
                              l θc             ２ 
  Ｗw = Force×Travel distance = ∫∫ｆΔｈ(θ÷θc)ｘｄθｄｘ－θcｌ×５Ｆf÷６ 
                              0 0  
                                                                ････(3.-18) 
 
 Above formula is integrated and a replacement is made by ｆΔｈｌ  = ＦΔｈ  to get below 

formula. 
 
  Ｗw = θcｌ÷２（ＦΔｈ÷３－５Ｆf÷３）                    ･･････(3.-19) 
 
 Fig. －８  shows the tide difference distribution along θ  axis. θ  axis, ｘ  axis (vertical to 

the paper) and θc are as same as Fig. －６ . The vertical axis is the tide difference and Δｈf is a 

value of Δｈ  whose thrust force equals the shoe friction force. The area ａｂｃ  is linear to the 

first term of formula (3.-11) and the area ｂｃｄｅ  is linear to the second term of the formula. 

Consequently formula (3.-11) was overly deducted by the area ｅｂｆ  since the gate move due to 

the tide difference does not occur in the range of Δｈ≦Δｈf and the formula is modified as 

below accordingly. 
                                                  ３／２ 
  Ｗw = θcｌ÷２｛ＦΔｈ÷３×〔１＋２（Δｈf÷Δｈ）〕－５Ｆf÷３｝ 
                                                                 ･･････(3.-20) 
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Fig. －８ Tide difference distribution (Prabolic function) 
 
（２）  Kinetic energy (Ｗk) 
 
 Formula (3.-13) is modified as below based on the assumption of the tide difference parabolic 

function. 
 
   ･･                                    ２ 
 θ  = ３ｇ÷（２Ｍｌ）｛ＦΔｈ×（θ÷θc）－５Ｆf÷３｝         ･････(3.-21) 
 
  The mean angle acceleration is calculated. 
  θc ･･                                   ３        ２                  θc 
  ∫θｄθ  = ３ｇ÷（２Ｍｌ）［ＦΔｈ×（θ÷３θc）－５Ｆf÷３×θ］ 
  0                                                               0 
          = ３ｇ÷（２Ｍｌ）×θc（ＦΔｈ÷３－５Ｆf÷３） 
 
                       ･･    ･･ 
  Mean angle acceleration = θｍ = θ÷θc = ３ｇ÷(２Ｍｌ)×(ＦΔｈ÷３－５Ｆf÷３) 
                                                                 ･･････(3.-22) 
                 ･    ･･ 
  Angle velocity = θ  = θｍｔ 
                   ･･  ２                                     ･･ １／２ 
 Final angle = θ  = θｍｔ÷２  = θc , accordingly, ｔ  = （２θc÷θｍ） 
                      ･   ･･          ･･  １／２        ･･  １／２ 
  Final angle velocity = θ  = θｍ（２θc÷θｍ）  = （２θcθｍ） 
                              ･･  １／２ 
  Final velocity = ｖ  = ｘ（２θcθｍ） 
 
                         ２       l          ２     ･･ 
  Ｗk = Mass×Final velocity ÷２  = ∫ｍ÷ｇ×ｘ２θcθｍｄｘ÷２   ･･････(3.-15) 
                                 0 
 
  Above formula is integrated and a replacement is made by ｍｌ  = Ｍ , then below formula is 
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obtained after formula (3.-22) is inserted. 
 
  Ｗk = θcｌ÷２（ＦΔｈ÷３－５Ｆf÷３）                       ･･････(3.-23) 
 
  Consequently, Ｗk and Ｗw of formula (3.-19) are equal. 
 
 Formula (3.-23) is modified to get formula (3.-24) for the reason for which formula (3.-19) was 

modified to get formula (3.-20). 
 
                                                    ３／２ 
   Ｗk = θcｌ÷２｛ＦΔｈ÷３×〔１＋２（Δｈf÷Δｈ）〕－５Ｆf÷３｝ 
                                                                  ･････(3.-24) 
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３．２  Results of calculation 
 
  The calculated results of the gate body kinetic energy when the gate arrives at its totally closed 

position and hits the water bottom concrete structure are shown on Fig. －９  (constant function), 
Fig. －１０  (linear function) and Fig. －１１  (parabolic function). Each figure consists of 

sub-number １／１３  thru １３／１３  which cover the friction coefficient ｆ＝０～０．４ . 

The lateral axis is tide flow (ｍ／ｓ), the vertical axis is kinetic energy Ｗk (ｔｆ－ｍ) and the 

group name is the bottom mounting angle θ c (= angle from the totally closed position). 
Furthermore, Limit １  and Limit ２  which are supposed to be limit level of the kinetic energy 

during operation in tidal flow are added to the group name so that a combination of ｆ  and Δｈ  

which satisfies the energy limit level may be found by a graph on the figures. The graphs move to 

the right direction according to the ｆ  increase. That is a boost-up effect of the friction force on a 

flow velocity applicable to the gate operation. For reference, the ｆ  value equal or more than ０．
２  may not be realistic because of costwise and technical reasons. Although the friction shoe load 

in the energy calculations was locked in １０７４  ｔｆ , two times friction force or three times 

friction force will be available if the locked number increases by two times or by three times and 

the calculated results of the two times ｆ  or the three times ｆ  will be applicable. A diagonally 

left down graph on the figures terminates at the tide flow axis and the graph terminal point moves 

right hand side as the ｆ  increases. The gate body cannot move on the left hand side axis of the 

point since the friction force dominates against the tidal force there. 
 
 
３．２．１  Constant function 
 
  Fig. －９  shows the results corresponding to the tide differenceΔｈ  distribution of the 

constant function. The tidal flow range of the kinetic energy within the energy limit is very narrow 

at the bottom mounting angle θc ≧  ２０°.  It is a calculation assumption that there is no tide 

flow around the gate body except the tide difference Δｈ  and this assumption may be 

energetically too severe and operationally too much since it is not realistic. 
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Fig. －９ Kinetic energy of the constant function （１／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －９ Kinetic energy of the constant function （２／１３） 
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Fig. －９ Kinetic energy of the constant function （３／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －９ Kinetic energy of the constant function （４／１３） 
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Fig. －９ Kinetic energy of the constant function （５／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －９ Kinetic energy of the constant function （６／１３） 
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Fig. －９ Kinetic energy of the constant function （７／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －９ Kinetic energy of the constant function （８／１３） 
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Fig. －９ Kinetic energy of the constant function （９／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －９ Kinetic energy of the constant function （１０／１３） 
 



- 26 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －９ Kinetic energy of the constant function （１１／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －９ Kinetic energy of the constant function （１２／１３） 
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Fig. －９ Kinetic energy of the constant function （１３／１３） 
 
３．２．２  Linear function 
 
  Fig. －１０  shows the results corresponding to the tide differenceΔｈ  distribution of the 

linear function. The tidal flow range applicable to the gate operation is wider than the constant 

function. Quantitative reliability of the calculation results is low since effect of the assumption that 

the tidal flow exists on the port side of the gate has not be verified. 
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Fig. －１０ Kinetic energy of the linear function （１／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１０ Kinetic energy of the linear function  （２／１３） 
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Fig. －１０ Kinetic energy of the linear function  （３／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１０ Kinetic energy of the linear function  （４／１３） 
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Fig. －１０ Kinetic energy of the linear function  （５／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１０ Kinetic energy of the linear function  （６／１３） 
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Fig. －１０ Kinetic energy of the linear function  （７／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１０ Kinetic energy of the linear function  （８／１３） 
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Fig. －１０ Kinetic energy of the linear function  （９／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１０ Kinetic energy of the linear function  （１０／１３） 
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Fig. －１０ Kinetic energy of the linear function  （１１／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１０ Kinetic energy of the linear function  （１２／１３） 
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Fig. －１０ Kinetic energy of the linear function  （１３／１３） 
 
 
３．２．３  Parabolic function 
 
  Fig. －１１  shows the results corresponding to the tide differenceΔｈ  distribution of the 

parabolic function. The tidal flow range applicable to the gate operation is wider than the linear 

function. Although this is a result of the assumption that the tidal flow exists on the port side of the 

gate, quantitative reliability of the calculation results is low since the effect of assumption has not 

be verified. Although the distribution along θ  (Refer to Fig. －６) of the tidal difference 

converted from the tidal flow was assumed to be a parabolic function (Refer to Fig. －８), the 

assumption may be energetically and operationally too small. 
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Fig. －１１ Kinetic energy of the parabolic function （１／１３） 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１１ Kinetic energy of the parabolic function （２／１３） 
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Fig. －１１ Kinetic energy of the parabolic function （３／１３） 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. －１１ Kinetic energy of the parabolic function （４／１３） 
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Fig. －１１ Kinetic energy of the parabolic function （５／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１１ Kinetic energy of the parabolic function （６／１３） 
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Fig. －１１ Kinetic energy of the parabolic function （７／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１１ Kinetic energy of the parabolic function （８／１３） 
 



- 39 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１１ Kinetic energy of the parabolic function （９／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１１ Kinetic energy of the parabolic function （１０／１３） 
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Fig. －１１ Kinetic energy of the parabolic function （１１／１３） 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. －１１ Kinetic energy of the parabolic function （１２／１３） 
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Fig. －１１ Kinetic energy of the parabolic function （１３／１３） 
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３．３  Operation method of the gate body 
 
  Firstable, the gate body strain energy was analyzed based on a condition that the strain energy 

caused by the collision is supposed to equal or be two times the strain energy caused by high tide 

and many useful information about the collision and upper limit of the gate body kinamatic energy 

when it comes into collision have been obtained. 
 
  Secondly, at the previous section, strain energy calculation formulae were derived on the 

constant function, the linear function and the parabolic function which were functions of gate 

opening and introduced into distribution of the tide difference Δｈ  by way of actualizing the 

impact of tidal flow on the gate body kinetic energy. 
 
  Intensity of the tidal flow is different according to barrier construction sites (①) and varies 

according to time (②). Intensity of the tidal flow is affected by barrier operation (③) and can be 

controlled by it (④). Fig. －１２  shows an example where the intensity of flow around the main 

gate will abate if the gate close operation is made while all sluice gates being kept open. And, also, 

selection of the tide flow intensity for the gate operation will be made by needs of the facility users 

(⑤). The gate operation method analysis is made on the calculation results of kinetic energy with 

above mentioned flow intensity understandings in mind and the gate operation in tidal flow will be 

discussed including results of the strain energy analysis in this section. 
 

Fig. －１２  Tidal flow control by storm surge barrier operation 
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３．３．１  Operation conditions 
 

Table －１０ Side thrusters on board and conditions of gate operation 

 

 
 Table －１０  shows specifications and control limits of the thruster on-board and the gate 

operation conditions which were set by way of discussion on the gate operation method. The 

operation flow velocity is maximum flow speed which is supposed to be set by the facility needs 

and the bottom mounting flow speed is the maximum flow speed at which the gate can move up to 

the bottom mounting position driven by the on-board thrusters. The specific thrust force of the side 

thruster is supposed to be determined including margin of safety ratio to the bottom mounting 

speed. The flow speed is shown both in ｍ／ｓ  and ｋｔ . The friction coefficient ｆ  is locked in 

０．１  with a consideration that the magnitude of friction force is transmutable by the operation 

buoyancy adjustment. 
 
３．３．２  Analysis on the calculation results 
 
  An operation method which corresponds to each of the 39 cases shown on Fig. －９  thru １１  

of the kinetic energy level judgment is explained referring to the operation conditions of Table－１
０ . Output on Fig. －９  (Constant function) is calculated on the assumption which is 

energetically too severe and operationally too much since the tidal flow effect on the gate body is 

not considered. Fig. －１０  (Linear function) and １１  (Parabolic function) consider the tidal 

flow effect but their quantitative reliability is not enough. Fig. －１１  (Parabolic function) is 

calculated on the energetically and operationally too small assumption. For reference, the operation 

buoyancy is shown in the operation method for the sake of adjusting the friction force by the shoe 
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load since the friction coefficient ｆ  is locked in ０．１  on Table －１０ . The shoe load = １０
７４  －  the operation buoyancy. 
 
 The bottom mounting position (Refer to Fig. －６) is calculated by below formula which was 

derived from the tide difference distribution of group θc = 90° on Fig. －１２ . 
 
  Bottom mounting angle = θc =  
        ９０×(１－Bottom mounting flow velocity÷Operation flow velocity)  ････(3.-25) 
 
 The friction flow speed (tidal flow whose thrust force equals the shoe friction force) is 

calculated by below formula. 
 
                                                                  0.5 
  Friction flow velocity = (2ｇ×Shoe load×(5／3)÷Skin plate wet area×ｆ)････(3.-26) 
 
 θ t which is an angle of gate body rotation driven by the side thruster after the gate mounts on 

the water bottom is calculated by below formula. 
 
                                                                   2 
  Linear function: θ t = θc×(Friction flow velocity÷Operation flow velocity) ･････(3.-27) 
 
  Parabolic function: θ t = θc×Friction flow velocity÷Operation flow velocity ･････(3.-28) 
 
 
３．３．２．１  Operation condition 1 
 
Bottom mounting angle = θc = ９０×（１．  －０．８）  = １８° 
 
《Constant function ・・  Operation condition １》 
１）ｆ  = ０（Fig. １／１３） 
  ①Bottom mounting at Operation buoyancy = １０７４  tｆ 
  ②Friction flow speed = ０ｍ／ｓ＜１．０ 
  ③Thruster shutoff 
  ④Tidal flow travel (Kinetic energy ＞  Limit ２・・damaged） 
２）ｆ  = ０．０２（Fig. ２／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９  ｔｆ 
  ②Friction flow speed = ０．４４ｍ／ｓ＜１．０ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ≒  Limit ２） 
３）ｆ  = ０．０４（Fig. ３／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４  ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ＜１．０ 
  ③Thruster shutoff 
  ④Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
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４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０  ｔｆ 
  ②Friction flow speed = ０．７６ｍ／ｓ＜１．０ 
  ③Thruster shutoff 
  ④Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
５）ｆ  = ０．０８（Fig. ５／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５  ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＜１．０ 
  ③Thruster shutoff 
  ④Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
６）ｆ  = ０．１（Fig. ６／１３） 
  ①Bottom mounting at operation buoyancy = ０  ｔｆ 
  ②Friction flow speed = ０．９９ｍ／ｓ＜１．０ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ≒  Limit １） 
７）ｆ  = ０．１２（Fig. ７／１３） 
  ①Bottom mounting at operation buoyancy = －２１５  ｔｆ 
                                                ２      ２  ０．５ 
  ②Friction flow speed = １．０８ｍ／ｓ＜（１．０＋０．８）  = １．２８ 
  ③Tidal flow  + side thruster travel （Kinetic energy ≒０） 
８）ｆ  = ０．１４（Fig. ８／１３） 
  ①Bottom mounting at operation buoyancy = －４３０  ｔｆ 
  ②Friction flow speed = １．１７ｍ／ｓ＜１．２８ 
  ③Tidal flow  + side thruster travel （Kinetic energy ≒０） 
９）ｆ  = ０．１６（Fig. ９／１３） 
  ①Bottom mounting at operation buoyancy = －６４４  ｔｆ 
  ②Friction flow speed = １．２５ｍ／ｓ＜１．２８ 
  ③Tidal flow  + side thruster travel （Kinetic energy ≒０） 
10）ｆ  = ０．１８（Fig. １０／１３） 
  ①Bottom mounting at operation buoyancy = －８５９  ｔｆ 
  ②Friction flow speed = １．３２ｍ／ｓ＜１．２８ 
  ③Impossible to move 
11）ｆ  = ０．２（Fig. １１／１３） 
  ①Bottom mounting at operation buoyancy = －１０７４  ｔｆ 
  ②Friction flow speed = １．４０ｍ／ｓ＜１．２８ 
  ③Impossible to move 
12）ｆ  = ０．３（Fig. １２／１３） 
  ①Bottom mounting at operation buoyancy = －１０７４×２  = －２１４８  ｔｆ 
  ②Friction flow speed = １．７１ｍ／ｓ＞１．２８ 
  ③Impossible to move 
13）ｆ  = ０．４（Fig. １３／１３） 
  ①Bottom mounting at operation buoyancy = －１０７４×３  = －３２２２  ｔｆ 
  ②Friction flow speed = １．９７ｍ／ｓ＞１．２８ 
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  ③Impossible to move 
 
《Linear function ・・  Operation condition １》 
１）ｆ  = ０（Fig. １／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４  tf 
  ②Friction flow speed = ０ｍ／ｓ 
  ③Thruster shutoff 
  ④Tidal flow travel （Limit １＜  Kinetic  energy ＜  Limit ２） 
２）ｆ  = ０．０２（Fig. ２／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９  ｔｆ 
  ②Friction flow speed = ０．４４ｍ／ｓ 
                                ２ 
  ③θ t = １８×（０．４４÷１）  = ３．５１° 
  ④Rotation by side thruster: about ４° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
３）ｆ  = ０．０４（Fig. ３／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４  ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ 
                                ２ 
  ③θ t = １８×（０．６２÷１）  = ７．０２° 
  ④Rotation by side thruster: about ７．５° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０  ｔｆ 
  ②Friction flow speed = ０．７６ｍ／ｓ 
                                ２ 
   ③θ t = １８×（０．７６÷１）  = １０．５２° 
  ④Rotation by side thruster: about １１° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ≒  Limit １） 
５）ｆ  = ０．０８（Fig. ５／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５  ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＞  Speed at bottom mounting = ０．８ 
  ③Impossible to move by thruster 
 
《Parabolic function ・・  Operation condition １》 
１）ｆ  = ０（Fig. １／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４  tf 
  ②Friction flow speed = ０ｍ／ｓ 
  ③Thruster shutoff 
  ④Tidal flow travel （Limit １＜  Kinetic  energy ＜  Limit ２） 
２）ｆ  = ０．０２（Fig. ２／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９  ｔｆ 
  ②Friction flow speed = ０．４４ｍ／ｓ 
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  ③θ t = １８×（０．４４÷１）  = ７．９５° 
  ④Rotation by side thruster: about ８° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ≒  Limit １） 
３）ｆ  = ０．０４（Fig. ３／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４  ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ、 
  ③θ t＝１８×０．６２÷１  = １１．２４° 
  ④Rotation by side thruster: about １１．５° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＜＜  Limit １） 
４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０  ｔｆ 
  ②Friction flow speed = ０．７６ｍ／ｓ 
  ③θ t = １８×（０．７６÷１）  = １３．７６° 
  ④Rotation by side thruster: about １４° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＜＜＜  Limit １） 
５）ｆ  = ０．０８（Fig. ５／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５  ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＞  Speed at bottom mounting = ０．８ 
  ③Impossible to move by thruster 
 
 
３．３．２．２  Operation condition 2 
 
Bottom mounting angle = θｃ  = ９０×（１．－０．８÷１．３）  = ３４．６° 
 
《Constant function ・・  Operation condition ２》 
１）ｆ  = ０（Fig. １／１３） 
  ①Bottom mounting at operation buoyancy = １０７４  tｆ 
  ②Friction flow speed = ０ｍ／ｓ＜１．３ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
２）ｆ  = ０．０２（Fig. ２／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９  ｔｆ 
  ②Friction flow speed = ０．４４ｍ／ｓ＜１．３ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
３）ｆ  = ０．０４（Fig. ３／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４  ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ＜１．３ 
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  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０  ｔｆ 
  ②Friction flow speed = ０．７６ｍ／ｓ＜１．３ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
５）ｆ  = ０．０８（Fig. ５／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５  ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＜１．３ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
６）ｆ  = ０．１（Fig. ６／１３） 
  ①Bottom mounting at operation buoyancy = ０  ｔｆ 
  ②Friction flow speed = ０．９９ｍ／ｓ＜１．３ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
７）ｆ  = ０．１２（Fig. ７／１３） 
  ①Bottom mounting at operation buoyancy = －２１５  ｔｆ 
  ②Friction flow speed = １．０８ｍ／ｓ＜１．３ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
８）ｆ  = ０．１４（Fig. ８／１３） 
  ①Bottom mounting at operation buoyancy = －４２９  ｔｆ 
  ②Friction flow speed = １．１７ｍ／ｓ＜１．３ 
  ③Thruster shutoff 
  ④Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
９）ｆ  = ０．１６（Fig. ９／１３） 
  ①Bottom mounting at operation buoyancy = －６４４  ｔｆ 
  ②Friction flow speed = １．２５ｍ／ｓ＜１．３ 
  ③Thruster shutoff 
  ④Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
10）ｆ  = ０．１８（Fig. １０／１３） 
  ①Bottom mounting at operation buoyancy = －８５９  ｔｆ 
                                                ２      ２０．５ 
  ②Friction flow speed = １．３２ｍ／ｓ＜（１．３＋０．８）  = １．５３ 
  ③Tidal flow  + side thruster travel  
  ④Tidal flow travel（Kinetic energy ≒０） 
11）ｆ  = ０．２（Fig. １１／１３） 
  ①Bottom mounting at operation buoyancy = －１０７４  ｔｆ 
  ②Friction flow speed = １．４０ｍ／ｓ＜１．５３ 
  ③Tidal flow  + side thruster travel （Kinetic energy ≒０） 
12）ｆ  = ０．３（Fig. １２／１３） 
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  ①Bottom mounting at operation buoyancy = －１０７４×２  = －２１４８  ｔｆ 
  ②Friction flow speed = １．７１ｍ／ｓ＞１．５３ 
  ③Impossible to move 
13）ｆ  = ０．４（Fig. １３／１３） 
  ①Bottom mounting at operation buoyancy = －１０７４×３  = －３２２２  ｔｆ 
  ②Friction flow speed = １．９７ｍ／ｓ＞１．５３ 
  ③Impossible to move 
 
《Linear function ・・  Operation condition ２》 
１）ｆ  = ０（Fig. １／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４  tf 
  ②Friction flow speed = ０ｍ／ｓ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
２）ｆ  = ０．０２（Fig. ２／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９  ｔｆ 
  ②Friction flow speed = ０．４４  ｍ／ｓ 
                                      ２ 
  ③θ t = ３４．６×（０．４４÷１．３）  = ３．９９° 
  ④Rotation by side thruster: about ４° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
３）ｆ  = ０．０４（Fig. ３／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４  ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ 
                                      ２ 
  ③θ t = ３４．６×（０．６２÷１．３）  = ７．９８° 
  ④Rotation by side thruster: about ８° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０  ｔｆ 
  ②Friction flow speed = ０．７６  ｍ／ｓ 
                                   ２ 
  ③θ t = ３４．６×（０．７６÷１．３）  = １１．９７° 
  ④Rotation by side thruster: about １２° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
５）ｆ  = ０．０８（Fig. ５／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５  ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＞  Speed at bottom mounting = ０．８ 
  ③Impossible to move by thruster 
 
《Parabolic function ・・  Operation condition ２》 
１）ｆ  = ０（Fig. １／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４  tf 
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  ②Friction flow speed = ０ｍ／ｓ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
２）ｆ  = ０．０２（Fig. ２／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９  ｔｆ 
  ②Friction flow speed = ０．４４ｍ／ｓ 
  ③θ t = ３４．６×（０．４４÷１．３）  = １１．７５° 
  ④Rotation by side thruster: about １２° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ≒  Limit ２） 
３）ｆ  = ０．０４（Fig. ３／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４  ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ、 
  ③θ t = ３４．６×０．６２÷１．３  = １６．６２° 
  ④Rotation by side thruster: about １７° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０  ｔｆ 
  ②Friction flow speed = ０．７６ｍ／ｓ 
  ③θ t = ３４．６×（０．７６÷１．３）  = ２０．３５° 
  ④Rotation by side thruster: about ２１° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Limit １＜  Kinetic  energy ＜  Limit ２） 
５）ｆ  = ０．０８（Fig. ５／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５  ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＞  Speed at bottom mounting = ０．８ 
  ③Impossible to move by thruster 
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３．３．２．３  Operation condition 3 
 
Bottom mounting angle = θｃ  = ９０×（１．－０．８÷１．６）= ４５．０° 
 
《Constant function ・・  Operation condition ３》 
１）ｆ  = ０（Fig. １／１３） 
  ①Bottom mounting at operation buoyancy = １０７４ｆ 
  ②Friction flow speed = ０ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
２）ｆ  = ０．０２（Fig. ２／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９ｔｆ 
  ②Friction flow speed = ０．４４ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
３）ｆ  = ０．０４（Fig. ３／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０ｔｆ 
  ②Friction flow speed = ０．７６ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
５）ｆ  = ０．０８（Fig. ５／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
６）ｆ  = ０．１（Fig. ６／１３） 
  ①Bottom mounting at operation buoyancy = ０  ｔｆ 
  ②Friction flow speed = ０．９９ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
７）ｆ  = ０．１２（Fig. ７／１３） 
  ①Bottom mounting at operation buoyancy = －２１５  ｔｆ 
  ②Friction flow speed = １．０８ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
８）ｆ  = ０．１４（Fig. ８／１３） 
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  ①Bottom mounting at operation buoyancy = －４２９  ｔｆ 
  ②Friction flow speed = １．１７ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
９）ｆ  = ０．１６（Fig. ９／１３） 
  ①Bottom mounting at operation buoyancy = －６４４  ｔｆ 
  ②Friction flow speed = １．２５ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
10）ｆ  = ０．１８（Fig. １０／１３） 
  ①Bottom mounting at operation buoyancy = －８５９  ｔｆ 
  ②Friction flow speed = １．３２ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
11）ｆ  = ０．２（Fig. １１／１３） 
  ①Bottom mounting at operation buoyancy = －１０７４  ｔｆ 
  ②Friction flow speed = １．４０ｍ／ｓ＜１．６ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
12）ｆ  = ０．３（Fig. １２／１３） 
  ①Bottom mounting at operation buoyancy = －１０７４×２  = －２１４８  ｔｆ 
                                                ２       ２０．５ 
  ②Friction flow speed = １．７１ｍ／ｓ＜（１．６＋０．８）  = １．７９ 
  ③Tidal flow  + side thruster travel （Kinetic energy ≒０） 
13）ｆ  = ０．４（Fig. １３／１３） 
  ①Bottom mounting at operation buoyancy = －１０７４×３  = －３２２２  ｔｆ 
  ②Friction flow speed = １．９７ｍ／ｓ＞１．７９ 
  ③Impossible to move 
 
《Linear function ・・  Operation condition ３》 
１）ｆ  = ０（Fig. １／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４  tf 
  ②Friction flow speed = ０ｍ／ｓ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
２）ｆ  = ０．０２（Fig. ２／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９ｔｆ 
  ②Friction flow speed = ０．４４ｍ／ｓ 
                                    ２ 
  ③θ t = ４５×（０．４４÷１．６）  = ３．４２° 
  ④Rotation by side thruster: about ４° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
３）ｆ  = ０．０４（Fig. ３／１３） 
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  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ 
                                    ２ 
  ③θ t = ４５×（０．６２÷１．３）  = ６．８５° 
  ④Rotation by side thruster: about ７° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０ｔｆ 
  ②Friction flow speed = ０．７６ｍ／ｓ 
                                 ２ 
  ③θ t = ４５×（０．７６÷１．６）  = １０．２８° 
  ④Rotation by side thruster: about １１° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
５）ｆ  = ０．０８（Fig. ５／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＞  Speed at bottom mounting = ０．８ 
  ③Impossible to move by thruster 
 
《Parabolic function ・・  Operation condition ３》 
１）ｆ  = ０（Fig. １／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４  tf 
  ②Friction flow speed = ０ｍ／ｓ 
  ③Thruster shutoff 
  ④Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
２）ｆ  = ０．０２（Fig. ２／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×４÷５  = ８５９ｔｆ 
  ②Friction flow speed = ０．４４ｍ／ｓ 
  ③θ t = ４５×（０．４４÷１．６）  = ９．５５° 
  ④Rotation by side thruster: about １０° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
３）ｆ  = ０．０４（Fig. ３／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×３÷５  = ６４４ｔｆ 
  ②Friction flow speed = ０．６２ｍ／ｓ、 
  ③θ t = ４５×０．６２÷１．６  = １３．５０° 
  ④Rotation by side thruster: about １４° 
  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
４）ｆ  = ０．０６（Fig. ４／１３） 
  ①Bottom mounting at operation buoyancy = １０７４×２÷５  = ４３０ｔｆ 
  ②Friction flow speed = ０．７６ｍ／ｓ 
  ③θ t = ４５×（０．７６÷１．６）  = １６．５３° 
  ④Rotation by side thruster: about １７° 
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  ⑤Thruster shutoff 
  ⑥Tidal flow travel（Kinetic energy ＞  Limit ２・・  Damaged） 
５）ｆ  = ０．０８（Fig. ５／１３）： 
  ①Bottom mounting at operation buoyancy = １０７４×１÷５  = ２１５ｔｆ 
  ②Friction flow speed = ０．８８ｍ／ｓ＞  Speed at bottom mounting = ０．８ 
  ③Impossible to move by thruster 
 
 
３．３．３  Add-up of the analysis 
 
 
３．３．３．１  Add-up of operation methods 
 
 Table －１１  is ”Add-up of operation methods” where the travel means and the kinetic energy 

in the results of previous item (Analysis on the calculation results) are listed.  
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Table －１１ Add-up of operation method s（１／２）  
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Table －１１ Add-up of operation methods （２／２）  

 
 
 
３．３．３．２  Explanation of the categories in the table 
 
 Table １／２  shows the results of operation condition １  and ２  and table shows that of 

operation condition ３ . Each operation condition row consists of the constant function, the linear 

function and the parabolic function, and each function row consists of the travel means and the 

kinetic energy. The top column of each table is items in common to all the operation conditions. 

Each category is explained including detail categories (shown by "・") of which it consists. 
 
【 Items in common】 : The item in common to all operation conditions and consists of the 

followings. 
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・Friction coefficient ｆ : The ｆ  value shown on the figures (graphs) of kinematic energy 
・Shoe load: The shoe load whose friction force corresponding to ｆ  = 0.1 (refer to Table －１０)  

equals the shoe friction force below (just for reference). 
・Shoe friction force: = １０７４  ｔｆ×Friction coefficient ｆ 
・Friction flow speed: Flow speed whose thrust on the gate body equals the shoe friction force. 
【Operation condition １  thru ３】 : Refer to Table －１０  and its explanation. 
【Constant function】 : Tide difference distribution on θc is constant. Refer to Fig. －6 for θc. 
【Linear function】 : Tide difference distribution on θc is Linear (Refer to Fig. －７). 
【Parabolic function】 : Tide difference distribution on θc is parabolic (Refer to Fig. －８). 
【Travel means（θc）】: Travel means of the gate body on the θc area. It corresponds to the ｆ . 
・Thruster θ t: Gate rotation angle from θ  = 0 aided by thruster. Constant function and f = ０  

are   not applicable (－). 
・Tidal flow: Travel aided by the tidal flow (○ : Case concerned). 
・Tidal flow + thruster: Travel aided by the tidal flow and thruster (○ : Case concerned). 
【kinetic energy】 : A detail category concerned is selected referring to the kinetic energy graphs. 
・≒  ０ : Kinetic energy is almost 0 (No impact power exists).  
・＜  Limit １ : Kinetic energy is less than Limit １  (Impact power is small). 
・Limit １  thru Limit ２ : Kinetic energy is between Limit 1 and Limit 2, inclusive (Impact power 

is   medium ・・  Allowable). 
・＞  Limit ２ : Kinetic energy is more than Limit ２  (Impact power is big ・・  Damaged). 
【Supplementary explanation of the detail categories】 
1)Shoe load: The operation buoyancy which is necessary to provide the friction force 

corresponding to the ｆ  value of each energy-level judgment graph is shown at ３．２．３  

(Analysis on the operation method) depend upon the idea that the shoe load, in short, the friction 

force rises or falls according to the operating buoyancy selection since the ｆ  has been locked in 

0.1 at the operation condition of  Table －１０  (Shoe load = １０７４ｔｆ－  operation 

buoyancy). The shoe loads are also shown on Table －１１  (Add-up of operation methods) 
although the table is coordinated according to the ｆ  values so that a range of the shoe load 

selection may be found against the operation flow speed  of  Table －１０ . 
2)Thruster θt: The gate body needs the thruster aided movement of θ t° rotation at θ  = ０
position (refer to Fig. －６) in tide difference distribution of the linear function and the parabolic 

function since there will be the friction force although there is no tide difference. The thruster 

capacity limit is supposed to be the bottom mounting flow speed and "Inability" is keyed when it is 

less than the friction flow speed. 
3)Tidal flow ＋  thruster: It is the last means of the gate body movement within the θc area and 

its capacity limit is given by below formula, and "Inability" is keyed when the capacity limit is less 

than the friction flow speed. 
 
  Limit capacity of (tidal flow ＋  thruster) = 
                        ２                            ２  ０．５ 
   （Operation flow velocity ＋  Bottom mounting flow velocity）  （ｍ／ｓ）    ･････(3.-29) 
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３．３．３．３  Travel means and kinetic energy 
 
（１）  Explanation of the coordinated results 
【Operation condition １】 
・Constant function 
①Travel means: ｆ  = ０  thru ０．１  is the tidal flow, ０．１２  thru ０．１６  is the tidal flow 

＋  the thruster and  ｆ  ≧  ０．１８  is "Inability". 
②Kinetic energy: In the tidal flow area, damaged at ｆ  = ０  and allowable at ｆ  =  ０．０２  

thru ０．１ . In the (tidal flow ＋  thruster) area, there is no impact force. 
・Linear function 
①Travel means: ｆ＝０  thru ０．０６  is the tidal flow and ｆ  ≧  ０．０８  is "Inability". 
②Kinetic energy: ｆ＝０  thru ０．０６  is allowable. 
・Parabolic function 
①Travel means: ｆ＝０  thru ０．０６  is the tidal flow and ｆ  ≧  ０．０８  is "Inability". 
②Kinetic energy: ｆ＝０  thru ０．０２  is allowable and ｆ＝0.4 thru 0.6 is less than Limit 1. 
【Operation condition ２】 
・Constant function 
①Travel means: ｆ  = ０  thru ０．１８  is the tidal flow, ０．２  is the tidal flow ＋  the thruster 

and  ｆ  ≧  ０．３  is "Inability". 
②Kinetic energy: In the tidal flow area, damaged at ｆ  = ０  thru ０．１２  and allowable at ｆ  

=  ０．１４  thru ０．１８ . In the (tidal flow ＋  thruster) area, there is no impact force. 
・Linear function 
①Travel means: ｆ＝０  thru ０．０６  is the tidal flow and ｆ  ≧  ０．０８  is "Inability". 
②Kinetic energy: ｆ＝０  thru ０．０６  is "damaged". 
・Parabolic function 
①Travel means: ｆ＝０  thru ０．０６  is the tidal flow and ｆ  ≧  ０．０８  is "Inability". 
②Kinetic energy: ｆ  = ０  is "damaged" and ｆ＝０．０２  thru ０．０６  is allowable. 
【Operation condition ３】 
・Constant function 
①Travel means: ｆ  = ０  thru ０．２  is the tidal flow, ０．３  is the tidal flow ＋  the thruster 

and  ｆ  ≧  ０．４  is "Inability". 
②Kinetic energy: In the tidal flow area, damaged at all cases. In the (tidal flow ＋  thruster) area, 

there is no impact force. 
・Linear function 
①Travel means: ｆ＝０  thru ０．０６  is the tidal flow and ｆ  ≧  ０．０８  is "Inability". 
②Kinetic energy: ｆ＝０  thru ０．０６  is "damaged". 
・Parabolic function 
①Travel means: ｆ＝０  thru ０．０６  is the tidal flow and ｆ  ≧  ０．０８  is "Inability". 
②Kinetic energy: ｆ  = ０  thru  ０．０６  is "damaged". 
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（２）  Relation between the results 
【Operation condition １】 
・Constant function 
①Travel means: The operation flow speed is the smallest and the shifting point of the travel means 

is to the left. "Inability" concerns the operation flow speed and its mark point is also to the left. 
②Kinetic energy: Damage occurs at ｆ  = ０  and disappears with the ｆ  increase. The tidal 

flow ＋  the thruster is a kind of manual operation and no impact power work consequently. 

Selectable shoe load is between 215 and 1718 ｔｆ  where 1289 thru 1718 needs thruster aid. 
・Linear function 
①Travel means: "Inability" concerns the bottom mounting flow speed and occurs at the small ｆ  

value and a range of the tidal flow travel is limited consequently. The range will vary according to 

the assumption of the tide difference distribution. 
③Kinetic energy: The allowable range of kinetic energy is limited with the same reason as the tidal 

flow travel range. The range will vary according to the assumption of the tide difference 

distribution. Selectable shoe load is between 0 and 644 ｔｆ . 
・Parabolic function 
①Travel means: Identical with the linear function. 
②Kinetic energy: Identical with the linear function except that the energy level is less than the 

linear. Selectable shoe load is between 0 and 644 ｔｆ . 
【Operation condition ２】 
・Constant function 
①Travel means: The shifting ｆ  of the travel means is to the right than the operation condition １  

since the operation flow speed is higher. "Inability" mark point is to the right with the same reason. 
②Kinetic energy: The damaged area increased due to the higher set of the operation flow speed. 

The energy shifted to the allowable range with the  ｆ  increase. The tidal flow ＋  the thruster is 

a kind of manual operation and no impact power work consequently. Selectable shoe load is 

between 1503 and 2148 ｔｆ  where the case 2148 needs thruster aid. 
・Linear function 
①Travel means: "Inability" concerns the bottom mounting flow speed whose set value is the same 

as the operation condition １  and occurs at the same ｆ  value and a range of the tidal flow travel 

is limited identically. The range will vary according to the assumption of the tide difference 

distribution. 
③Kinetic energy: The damaged area appeared due to a high operation flow speed setting. The area 

will shift to a allowable area as the restriction of bottom mounting flow speed abates, that will be 

more remarkable than the constant function. 
・Parabolic function 
①Travel means: "Inability" concerns the bottom mounting flow speed whose set value is the same 

as the operation condition １  and occurs at the same ｆ  value and a range of the tidal flow travel 

is limited identically. The range will vary according to the assumption of the tide difference 

distribution. 
②Kinetic energy: The damaged area appeared due to the higher operation flow speed setting. The 
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area has shifted to a allowable area with the ｆ  increase since the energy level is lower than the 

linear function. Selectable shoe load is between 215 and 644 ｔｆ 
【Operation condition ３】 
・Constant function 
①Travel means: The shifting ｆ  of the travel means is to the right than the operation condition ２  

since the operation flow speed is even higher. "Inability" mark point is even to the right with the 

same reason. 
②Kinetic energy: The damaged area increased due to even the higher set of the operation flow 

speed. The energy shifted to the allowable range with the  ｆ  increase. The tidal flow ＋  the 

thruster is a kind of manual operation and no impact power work consequently. Selectable shoe load 

is 3222 ｔｆ  which needs thruster aid. 
・Linear function 
①Travel means: "Inability" concerns the bottom mounting flow speed whose set value is the same 

as the operation condition １  and occurs at the same ｆ  value and a range of the tidal flow travel 

is limited identically. The range will vary according to the assumption of the tide difference 

distribution. 
③Kinetic energy: The operation flow speed set is even higher. It is possible that the damaged area 

will shift to a allowable area as the bottom mounting flow speed restriction abates. 
・Parabolic function 
①Travel means: "Inability" concerns the bottom mounting flow speed whose set value is the same 

as the operation condition １  and occurs at the same ｆ  value and a range of the tidal flow travel 

is limited identically. The range will vary according to the assumption of the tide difference 

distribution. 
②Kinetic energy: The damaged area increased due to the even higher operation flow speed setting.  
 
 
３．３．４  Discussion on the operation method 
 
 "Gate operating method with the help of tidal flow” which could be seen through the analysis of 

the previous section is summed up. 
 
（１）  Findings 
①Kinetic energy absorption by a gate body is possible. 
②The shoe friction force has a beneficial effect on the tidal flow energy dissipation. 
③Gate body operation with the help of tidal flow is possible. 
 
 Adequacy of above findings is felt in our bones through an image of the gate body drifting in 

tidal flow. It is difficult to imagine that the gate body speed grows to be much more than the tidal 

flow. Usual tidal flow speed is about 2 or 3 kt. (= 1 or 1.5 m/s), that seems to be the level at which 

energy dissipation by the shoe friction force works effectively. 
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（２）  Implementation items at project stages 
①  Hydraulic experiment 
 Prototype hydraulic experiments including model experiments are required to make friction force 

charts which are necessary in selection of the operating buoyancy at the gate operation with the aid 

of tidal flow. The experiment condition is supposed to be reflected by site tidal flow condition and 

needs of the facility users. The experimental results concerning the kinetic energy will be settled in 

points between the constant function and parabolic function with a distinct possibility. 
 
②Operation manual 
 Operation manuals including the experimental results mentioned above are required to be made. 
 
（３）  Reference information 
①  Purpose of the hydraulic experiment 
 1) Grasping flow effect: Tidal flow speed, Hydraulic force versus gate opening (hydraulic force        

distribution) etc. 
 2) Verification of study results: Gate collision speed,  Collision reaction force, Gate body 

stress,       Friction coefficient etc. 
 3) Collecting information for design work: Operation buoyancy, Thruster capacity etc. 
 
②  Operation method 
 1) Operation target value: Gate body tip speed, Gate body tip position 
 2) Target value maintenance means: Side thruster, Buoyancy operation valve etc. 
 3) Operation steps: 
  a) Travel to the bottom mounting position with the help of a side thruster 
  b) Bottom mounting after the operation buoyancy is set referring to the friction chart 
  c) Travel with the help of the tidal flow (Gate body tip speed <allowable limit) 
  d) Arrival at the gate completely closed position 
  e) Confirming the gate body tip position 
  f) Exhausting the operation buoyancy 
  g) Side thruster shutdown 
  h) Setting the gate levitation prevent apparatus on 
 
③  Operation manual 
 1) Operation condition: Operation flow speed, Bottom mounting flow speed, Friction coefficient 

etc. 
 2) Friction force chart (to be prepared according to the experimental results) 
 3) Others 
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４．Conclusion 
 
（１）  The kinetic energy of the gate body gradually converts to the strain energy through the 

structural flexibility of the gate body and the forces acting on the gate due to collision can be 

quantified in the form of the inertia force and its reaction force. 
 
（２）  In addition to the reaction force described above, the gate bottom support seat will get 

impact force which corresponds to the gate section's rotational acceleration due to collision. The 

seat shall have sufficient flexibility as well as high degree strength, accordingly. 
 
（３）  The tidal energy can be dissipated with the help of a friction force chart. The chart is 

prepared according to results of model and prototype experiments. 
 


