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O O 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 thisreport is [ to analyze the gate body
strain energy caused by the collision and O 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 0  Planning data

Item Diata IInit Mote
SN 450
Gate i
dirne nsion Height 2d
Width 125
M
Site depth 16 7 Port Design A
H 1 i
veraunic | ef 5 (Super Large Tidal
condition Gate)
Fraeboard 2 {excluding steel
Stee|  |Gate leaf 18000 weight.)
weight Embedded part 1500
{ rough tf
astimation [Machine o0
! |Toral 20000

In the report, the tidal force acting on the gate body is sometimes converted into water-level
difference which is designated as tide difference A 0 or A O.

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 A 0O and kinetic energy of the three distribution functions was calculated.
Although A O 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



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.

O 0O 0O 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
guantified in the form of the inertia force and its reaction.

O 00O 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.

OO0 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.



O O Angular acceleration and strain energy of the gate body

O 00O Angular acceleration
A calculation formula of the gate body angular acceleration given by the tidal force is derived.

PWing center

.t
i

Fig. O O Working forces on the gate body

is a plan which shows a half span of gate body and forces working on it. The left end
= 2, 0fis

Fig. 0O
is a support end (swing center), the right end is a nonsupport end, | is the span +
friction force of the friction shoe, O a O O is unit width inertia force, O is unit width weight,
is gravity acceleration, 0 a 0 is unit width thrust force of the tide

o is acceleration, [
difference A 0 and O show direction of the O axis whose original point is the swing center.
is atotal of virtual mass and the gate weight and is constant

isalinear function of 0 and O

(of
distribution.
P Conmpletely clozed postion
LI LI J.l;lll'

== - Present position g

*"ﬁ“
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Fig. O O 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.
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Fig. O O shows the present and the totally closed position of the gate body in angular, 8 and
0 c from its bottom mounting position. a of formula (2.-2) is inserted into formulall 2.-1), and
formula (2.-3) is obtained after the integration.

00
a =060 00oooo(2.-2)
o0 8]
0000000+~ 00000000f=0ac000000=+=20 000ooo(2.-3)

O00= 0 (Total weight), DJaoO O = 0Oao(Total thrust) and 0 O = O are inserted
into the above formula and following angular acceleration formula is obtained.

a0

0 000+~00000x00a0000f+00 000o00(2.-4)
O 00O 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.
O 0000 Shell plate thickness selection
O 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.

[0 Steel grade and allowable stress: As shown in Fig O O .

Fig. 0 O Allowable shearing stress and yield point

Material (JIS etc)|SM400|SM400(SME70| FOHT | 8OHT [ DOHT

Yield point 22 30 (408 | 52 | 582 | 622
Kafs mme

Shear T a 7.0 8BS 130 |15 [185 |220

O Selectiond Allowable stresson Fig. 00 0 and selection condition on Table 0 O are applied.

Table O O Thickness selection condition

Minimum constant

thickness length 10 m

Minimum thickness| 12 e

Maximum thicknesg 50 mm




00000 Caculation formulaof strain energy

The strain energy formula is derived from below general formula which is shown in various

handbooks.
0

O :_g1Di+ DDDDDD+ OidgA O 000000(2.-5)
| =

Ti=0i+0000I0 000000(2.-6)
wherel i: External torsion moment of i section

O : Area of a box section

0 : Shearing elastic coefficient

0 i: Plate thickness of i section block

O g: Girth length of O

A 0 i0 Length of i section block

O : Shearing strain energy of the gate body

T i: Shearing stress due to torsion of i section

O i is derived from formula (2.-6), after replaced by 1 i 1 ai (allow able shearing stress of i
section) and the strain calculation formula is obtained after the O i in formula (2.-5) is replaced
by it.

n W

00> O0gdit e+ O0O00A O] 000000(2.-7)
i=1

In addition, O i is derived from formula (2.-6), after replaced by t i 1 ai (allow able
shearing stress of i section) and another strain calculation formula is obtained after the O in
formula (2.-7) isreplaced by it and the = in the formulais replaced by aintegration mark.

O a
OO0f Ogtras 00D00OD0OODOODOOf ODODO 000000(2.-8)

m] ]
where [0 : A constant with regard to [

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.

OO0000O0 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.



Oi=00<+0 000000(2.-9)
where [ : Constance

0 : Gate span + [

O : A point on the x axis shown on Fig. O O

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.

Ow= [ 000000(2.-10)

The two formulae are integrated from [0 to O along the O axis and the external torsion
moment at arbitrary gate section is obtained.

Atcollision: Oi=0000O DD+ ogb=+0 0ooooo(2.-11)

At hightide: Dw= 000 000000(2.-12)

Shape of the external moments

4
3.5
= 3 —— — |rtegrated
E 25 [High tide)
g .
£ 2 [, Integrated
E \ (Caollizion)
15 L
u ab® T
E \\,{-" sessss it width
1 pe b . .
T \ iHigh tide)
02 T T T oSN | e Unit width
g b = iCollision)
0 1 2 3 4
X axis

Fig. O O A shape of the external moments

The coefficient 00 is approximately determined according to formula (2.-8) so that that the
strain energies due to the two external torsion moments may become equal.



0 0 0
Atcollision: Oi=00J ODO0O0OO0+00+000 =000=+0 00oooo(2.-13)
O

0
Athightidee Ow=0f 0000000
m]

I
O
O

|
O

000000(2.-14)

0 =000 is obtained by setting Ui = O w. Fig. 0 O shows a shape of the external
moments of formula (2.-9) through (2.-12). O is set I for a convenience of graphical
expression. To increase the degree of approximation, the coefficient [0 is expressed by following
formula where the modification factor is determined by numerical calculation of the strain energies.

0 = 000 x Modification factor 000000(2.-15)

00000 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 x [
+ vertical distance between the inertia force center and the support seat 000000
(2.-16)
where IO : The O 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.



0O 0O O Results of calculation

00000 Thecaculated shell thickness and the selected shell thickness

Table 0 O Calculated thickness and selected thickness

Block Ma. 1 2 3 4 5 § 7 g g |10 | 11 | 12
Block length{rm) 5| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10
Paint on x axis{m) ol 5| 15| 25| 35| 45| 55| 65| 75| 85| 95| 105
f:m: Tnteeratedx1 072 | 204 [ 200 | 180 [ 181 | 172 | 163 [ 154 | 145 [ 136 | 127 | 118 | 109
ftf-m) |Unit width 507 | 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907
7 alKg/ mm2) 70| 70| 70| 70| 70| 70| 70| 70| 70| 7O| 70| 7.0
Calculated thicknessimm)| 496 | 465 | 463 | 441 [415 [ 397 | 375 | 353 | 331 | 300 | 287 | 265
Selected thicknessimm) | 500 | 500 | 48.0 | 46.0 | 420 | 400 | 380 |36.0 | 340 | 320 | 300 | 280
Ratio 101 |1.03 [1.04 [1.04 [1.00 [1.01 |[1.01 [1.02 [1.03 |1.04 [1.05 |1.08
Bilock Mo, 13 | 14 |15 |16 | 17 |18 | 19 | 20 | 21 | 22 | 23
Block length{m) 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10
Point on x axis(m) | 115| 125| 135| 145| 155| 165| 175| 185| 195| 205| 215| 225
=rere Iintegratec1 07| 100 | 1 | 82| 73| 83| 54| 45| 36| 27| 18| 9| O
ftf-m) |Unit width 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907 | 907
7 alKg/ mm2) 70| 70| 70| 70| 70| 70| 70| 70| 70| 70| 70O
Calculated thicknessimml| 243 | 221 (195 [176 [154 (132 [110| 88| 66| 44| 22
Selected thickness(mm) | 254 | 240 | 200 [18.0 [16.0 [140 [120 [120 (120 [120 [120
Ratio 1.05 [1.09 [1.01 [1.02 [1.04 [1.06 [1.09 [1.36 [1.81 |272 | 5.44
00000 Weight of the gate body
Table O 0 Gate body weight

Block Ma. 1 2 3 4 5 § 7 g g |10 | 11 | 12
Shell plate weight(tf) 141 | 283 | 271 | 260 | 237 | 226 | 215 | 203 | 192 | 181 | 170 | 158
Block Mo, 13 | 14 |15 |16 | 17 |18 | 19 | 20 | 21 | 22 | 23
Shell plate weight(tf) 144 | 136 | 113 | 102 | s0| 79| 68| 63| 68| 68| &5

Shell total | 3540
Wft'?;t Others total | 2124

Total sl




00000 Themodified O and the external moment
0 The modified O

Modification factor for the O is OO O O O which was obtained from the strain energy
calculation. The O of formula (2.-15) is given as below, accordingly.

U =40diU0xgbbdod b ooo oooo(2.-17)

O The external moments

Unit width external moments
2000
E 1800
£ 1600
$ 1400 -
E 1200 A
E 1000 —
2 &0 ...-"‘ High tide
5 500 P Collisi
- allsen
3 400 _.r’f
& 200 ~
& 0
0 50 100 150 200
X axis{m)
Fig. 0 O External moments (Unit width)
Integrated external moments
200000
150000

::?“\1
100000 Q\ m— High tide
\ m— Collision

50000
\‘::\

a 50 130 150 200

EBxternal torsion moment{tf-m)

Xaxis (m)

Fig. O O External moments (Integrated)



Fig. 0 O and O are calculated results of the external moments. Fig. O OO shows unit width

external moments distribution and Fig. [0 O 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.

O0000 Strain energy

Table O O Strain energy at high tide O O w(

Block Mo. 1 2 3 4 5 6 7 g gl 10| 11| 12
if;;":: Tntegratedxd 07° | 204 | 200 | 190 | 181 | 172 | 163 | 154 | 145 | 136 | 127 | 118 | 109
{t-m) [Unit width 907 | 907 | 907 | 907 | 907 | 907 | 907 | 507 | 907 | 907 | 907 | 907

Uw |T=7Ta 55 | 100 | 105 | 100 | B2 | 87| 83| 78| 74| 70| 66| 61
O P 218 | 437 | 419 | 402 | 367 | 349 | 332 | 314 | 297 | 280 | 262 | 245

Block Mo. 13| 14| 15| 18| 17| 18| 18| 20| 21| 22| 23
Srem? lintegrated1 07| 100 | 91 | 82| 73| 63| 54| 45| 36| 27| 18| 9| O
{tf-m) [Unit width 907 | 807 | 507 | 907 | 807 | 907 | 907 | 507 | 907 | 807 | SO7 | 907

Um |T=Ta 55| B2 | 44| 39| 35| 3| 26| 26| 26| 26| 26
R P 222 | 210 | 175 | 157 | 140 | 122 | 105 | 105 | 105 | 105 | 105
Total |z =zallimit1y | 1368
(W []
tf-m) | T=2T allimitZ})| 5472

Table O O Strain energy at collision O O i

Block Mo. 1 2 3 4 5 6 7 g ol 10| 11| 12
if;;":: Ttegratedx] 0 | 163 | 163 [ 162 [ 161 | 158 [ 157 | 153 [ 150 [ 145 | 140 [ 134 | 128
{t-m) [Unit width 0| 32| 97| 161 | 226 | 200 | 355 | 419 | 483 | 548 | 612 | 677

Ui |t =7a 34| 69| 71| 73| 78| 79| so| 80| 8O| 7m| T7T| 5
O P 136 | 275 | 284 | 292 | 312 | 317 | 320 | 321 | 320 | 316 | 310 | 30

Block Mo. 13| 14| 15| 18| 17| 18| 18| 20| 21| 22| 23
Srem? Iintegrated1 07 | 121 | 113 | 104 | 95| 86| 75| 64| 53| 41| 28| 14| O
{tf-m) [Unit width 741 | BO6 | 870 | 935 | 599 1064 [1128 (1193 [1257 [1321 [1386 [1450

Ui |T=Ta 74| 68| 70| 65| BB | 52| 45| 30| 18 g 2
R P 206 | 274 | 282 | 261 | 237 | 210 [ 179 | 120 | 71| 33 9
Total |7 = 7 4 1369

L
f-m) | T =27T a b474

Table 0 0 and O are calculated results of the gate body strain energies. Table O O

-10-



corresponds to the external moment at high tide and Tabledd 00 the external moments at collision.
The strain energy was calculated for the shearing stress in the state of allowable level (1t = 1 @)
and also in the state of twice the allowable level (1t = 0O 1 a). Thetotal Oiof T = 1 a(limit
O) andt = 01 a (limit O) at the high tide (Table O 0 ) are supposed to be the allowable
limits of the gate body kinetic energy created by tidal force. The limit O corresponds to the
allowable stress level of the gate body and the limit O corresponds to about the 95 % yield point
level. The strain energies at the collision (Table 0O O ) have been calculated corresponding to the
energies of Table O O . 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 O is
twice the limit O and the strain energy four times.

000 00O Thebottom support seat reaction force and the gate body speed due to collision

Table O O Bottom support seat reaction force

Calculstion items Mark, Calculation ILInit
Gravity center height wg 11.25 m
Wertual mass center height = 775 m
Support seat center height = -5 I
Inertia farce center height pod B8535 I
Arm length of coupling force La 9035 M
Support seat [T = T & Flin'iﬂ 161 tfém
reaction force 7 =973 FIim’tE epey tf,r’m

Table OO O is areaction 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. O O 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 O O Gate body speed at collision

Energy condition Lirrt T | LimitZ
Inertia weight tf | 7o
creion | M/ €0 28
Half span 1] 225
Ene roy tf—m 1.368.1 o472.2
Argle speed | ° o sec 026 0.51
Tip zpeed | M. sec 1.0 2.0

Table O O is calculation results of the gate body speed at collision. Angular speed and the tip

-11 -



speed are shown on the table. The velocities were obtained by formulae (3.-8) and (3.-9) after the
total O w (energy levels of the limit O and the limit 0 ) of Table [0 0 was inserted into [0k
of these formulae. The result corresponds to the support seat reaction force of Table OO O . 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 v 2 times the calculated
result. It is estimated that real value may stay between the two.

-12 -



O O Kinetic energy of the gate body

Port side
Barrier wall
1
I
A .
' Left tank gate
Fight bank gte -+ % . Sea side
hottom mounting postion % =2 .
Rigntankgate,s“‘\ s fe
present position N s 00

Fig. O O 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 forceis
deemed to be water-level difference converted from tidal flow, in short, the tide difference A 0O,
or, merely A 0O, 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 A O because of the flow existence. Suppose, for instance, there is the tide
difference A OO between the port side and the sea side on Fig. O 0 where 8 is angle to the
bottom mounting position of the gate body's present position and 6 c 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 A [
as the tidal flow impact range decreases dueto 6 increase and becomes A 01 when 6 = 6 cand
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.

O Constant function: 0 = A O 0ooo(s.-1)
O Linear function: 0 = A0Ox006 + 6 cO 0000(s.-2)
O Parabolic function: 0 = A0 x 06 + 8 cll 0000(3.-3)

The constant function is the case whose energy level is higher than reality since the tide
difference A 0 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

-13-



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.

O 0O 0O Formulato calculate kinetic energy of the gate body
00000 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.

000 Work (O w)

I
0 w = Forcex Travel distance= [ 6 cO0Oa00d 006 cOx O0Of+ O 000000(3.-4)
0

Above formula is integrated and a replacement is made by Oaol = Oao to get below
formula.

Ow=0cO+000a0000f+00 000o00(3.-5)

O 00O Kkinetic energy (O k)

_ 0 00

Anglevelocity= 06 =06 [

) 00 o . 00 oo
Finalangle= 6 =06 0O+ 006 c,Accordingly, 0 =008 c+ 6 O

. ) O i 00 odo 00 ooo
Final anglevelocity =8 =0 DDDD 0 crB O =Q4doaece
Final velocity= 0 = 0006 ¢ O

0 I 0 oo

O k =Massx Final velocity + 0 = O+-0Ox006ce OO~ 0O gooooo(s.-e)
0

Above formula is integrated and a replacement is made by [0 00 = [, then below formula is
obtained after formula (2.-4) isinserted.

Ok=6cO+000an000f+00 00000o(3.-7)
Consequently, [0 k and [0 w are equal.

Formula of the gate body speed at collision is derived.

0
Gatevelocity =0 =086

-14-



0 I 0o 0o
0 k=Massx Final velocity + 0= O+0Ox (06 )0O0=+0 =0@6 )+ (@O0O)

0
Accordingly,
0
Gate angular velocity at collision=06 =000 Ok+ O %ELDD 00oono(3.-8)
goo
Gatetip velocity at collision= 0 =(0 0 0k+ OO 0000oo(3.-9)

O00O00 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.

000 Work (Ow)

| 8¢
O w = Forcex Travel distance= [ [ Oano(@ +06c)DOd6 0006 cOxOd0Of+0O
00

000000(3.-10)

Above formula is integrated and a replacement is made by Oao0 = Oao to get below
formula.

Ow=0cO+000apn+0000f+00 000o00¢3.-11)

Fig. O O shows the tide difference distribution along 6 axis. 8 axis, 0 axis (vertical to
the paper) and 6 careassameas Fig. 0 O . The vertical axisisthetide differenceand A O fisa
value of A O whose thrust force equals the shoe friction force. Theareaof 00 0O O 0 islinear to
the first term of formula (3.-11) and the area of O O O O O is linear to the second term of the
formula. Consequently formula (3.-11) was overly deducted by [0 0 OO O since the gate move due
to the tide difference does not occur in therange of A O O A O f and the formula is modified as
below accordingly.

Ow=0cO+000ap+0Ox0O000AOf+AODOODOOCf+ 0O0O0ODOOOOGS.-12)

-15-



Tide difference a

Fig. O O Tide difference distribution (Linear function)

0O OO kinetic energy (O k)

Formula (2.-4) is modified as below based on the assumption of the tide difference linear
function.

ud
6 =00+0000000apx06+06cO00D0O0Of+00 000000(3.-13)

The mean angle acceleration is calculated.

e c U0
[ 6eQde6
0

] 0 c
O00+-0000000aox0O06+-06cO0000f+0Ox06 0O

0

OO0+00000x06cd0apn+0000f+00

0o oo
Mean angle acceleration= 0 o0 =6 + 6 c= 00+ (0 00)x (Dao+-0000f+0)

000000(3.-14)

_ 0o [d
Anglevelocity =6 =06 ol
) 0 u] ) 00 ocoo
Final angle= 86 =06 o+ [ =06 ¢, accordingly, 0 =006 c+ 6 ol
) ) O go 00 ood ooo
Final anglevelocity =6 =6 DDDDDG c- 000 =006 ch o

goo

Final velocity =0 = 0006 cB oO

O k =Massx Final velocity + 0 =] O+ 0Ox0006 c0 o000+ 0O 000000C3.-15)
0

Above formula is integrated and a replacement is made by 0 0 = 0O, then below formula is

-16-



obtained after formula (3.-14) is inserted.
Ok=6cl+-000an+0000f+-00 000000(3.-16)
Consequently, O k and O w 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).

Ok=06cO+000ap+-0Ox000AOf+AD0D0O0O0OCf+ O0O0O0000C3.-17)
O0000 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.

000 Work (O w)

| 8¢ 0
O w = Forcex Travel distance= [ [ Oano(@ +06c)Dd6 0006 cOxOd0Of+0O
00

0000(3.-18)

Above formula is integrated and a replacement is made by Oaol = Oao to get below
formula.

Ow=0cO+000apn+0000f+00 000o00(3.-19)

Fig. O O shows the tide difference distribution along 6 axis. 6 axis, O axis (vertical to
the paper) and 6 c areassameas Fig. 00 O . The vertical axisisthetide differenceand A Ofisa
value of A 0 whose thrust force equals the shoe friction force. The area 00 00 O is linear to the
first term of formula (3.-11) and the area [0 O O O is linear to the second term of the formula.
Consequently formula (3.-11) was overly deducted by thearea O O O since the gate move due to
the tide difference does not occur in the range of A 0 O A Of and the formula is modified as
below accordingly.

Ow=08cl+-000a0+0x00000ADf-A000000f 00

000000(3.-20)
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Tide difference

Fig. 0 O Tidedifference distribution (Prabolic function)

00O 0O Kineticenergy (O k)

Formula (3.-13) is modified as below based on the assumption of the tide difference parabolic
function.

oo O
0 =00+-0000000aox0O6=+0cO0000Of+00 00000(3.-21)

The mean angle acceleration is calculated.

e c U0 0 0 8 c
[ 606 =00+0000000aox06+-06cO0000f+x0Ox86 0O
0 0

Ob0+00000x06c0Uan+0000f+ 00

0o 00
Mean angle acceleration= 00 =8 +08 c=00+ (000 (Dao+=0000f+0)

000000(3.-22)

_ 0 g0

Anglevelocity =86 =06 ol

) 0 0 ] 00 oo
Final angle= 8 =06 o+ [ =0 c,accordingly, 0 =006 c+6 ol

) ) 0 i 00 ooo U0 ooo
Final anglevelocity =86 =86 DDDDDG c+ 000 =006 ce ol
Final velocity= 0 = 0006 c8 ol

O I O 0d

O k =Massx Final velocity + 0 = O+ 0Ox006 c6 cO0O~+ 0O 000000(3.-15)
0

Above formula is integrated and a replacement is made by 0 0 = 0O, then below formula is
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obtained after formula (3.-22) is inserted.
Ok=6cl+-000an+0000f+-00 000000(3.-23)
Consequently, O k and O w 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).

Ok=0cl+000a0+0x00000A0fADOODODOf: OO0
N0000(3.-24)

-19-



0O 0O O 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. O [0 (constant function),
Fig. 0 OO (linear function) and Fig. O O O (parabolic function). Each figure consists of
sub-number OO OO thru OO OO O which cover the friction coefficient O O OO0 OO O .
The lateral axisistide flow (O O O ), the vertical axisis kinetic energy [0 k (O O O O ) and the
group name is the bottom mounting angle 8 ¢ (= angle from the totally closed position).
Furthermore, Limit O and Limit O 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 0 and A O
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 O increase. That is a boost-up effect of the friction force on a
flow velocity applicable to the gate operation. For reference, the I value equal or more than O O
O may not be realistic because of costwise and technical reasons. Although the friction shoe load
in the energy calculations was locked in O 0O 0O O 0O O, 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 O or the three times [0 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 [0 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.

O000O00 Constant function

Fig. O O shows the results corresponding to the tide differenceA O 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 8 ¢ O 0O 0O° . Itisacalculation assumption that there is no tide
flow around the gate body except the tide difference A [0 and this assumption may be
energetically too severe and operationally too much since it is not realistic.
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Fig. O O Kinetic energy of the constant function O O 0O O 0O O

Fig. O O Kinetic energy of the constant function O O O O 0O O
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Fig. O O Kinetic energy of the constant function O O O 0O O O

Fig. O O Kinetic energy of the constant function O O O O O O
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Fig. O O Kinetic energy of the constant function O O O 0O O O

Fig. O O Kinetic energy of the constant function O O O O O O
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Fig. O O Kinetic energy of the constant function O O O 0O O O

Fig. O O Kinetic energy of the constant function O O O O O O
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Fig. O O Kinetic energy of the constant function O O O 0O O O

Fig. O O Kinetic energy of the constant function O O O 0O 0O O O
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Fig. O O Kinetic energy of the constant function O O O 0O 0O O O

Fig. O O Kinetic energy of the constant function D O O 0O O O O
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Fig. O O Kinetic energy of the constant function O O O 0O 0O O O

O000DO00 Linear function

Fig. O O O shows the results corresponding to the tide differenceA O 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 resultsis 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. 0 OO Kinetic energy of thelinear function 0O 0O 0O 0O 0O O

Fig. O OO Kinetic energy of the linear function 0O 0O OO O O
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Fig. O OO Kinetic energy of the linear function 0O 0O 0O O O O

Fig. O OO Kinetic energy of the linear function 0O 0O OO O O

-29.-



Fig. O OO Kinetic energy of the linear function 0O 0O 0O O O O

Fig. O OO Kinetic energy of the linear function 0O 0O OO O O
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Fig. O OO Kinetic energy of the linear function 0O 0O 0O O O O

Fig. O OO Kinetic energy of the linear function 0O 0O OO O O
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Fig. O OO Kinetic energy of the linear function 0O 0O 0O O O O

Fig. O OO Kinetic energy of the linear function OO OO OO O
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Fig. O OO Kinetic energy of the linear function OO OO OO O

Fig. O OO Kinetic energy of the linear function OO OO OO O
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Fig. 0 OO Kinetic energy of thelinear function OO0 OO0 OO

00000 Parabolic function

Fig. O O O shows the results corresponding to the tide differenceA O distribution of the
parabolic function. The tidal flow range applicable to the gate operation is wider than the linear
function. Although thisis 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 6 (Refer to Fig. O 0O ) of the tidal difference
converted from the tidal flow was assumed to be a parabolic function (Refer to Fig. O O ), the
assumption may be energetically and operationally too small.



Fig. 0 OO Kinetic energy of the parabolic function O O 0O 0O 0O O

Fig. 0 OO Kinetic energy of the parabolic function O 0O 0O 0O 0O O
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Fig. O OO Kinetic energy of the parabolic function O O 0O O O O

Fig. O OO Kinetic energy of the parabolic function O O 0O O O O
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Fig. O OO Kinetic energy of the parabolic function O O 0O O O O

Fig. O OO Kinetic energy of the parabolic function O O 0O O O O
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Fig. O OO Kinetic energy of the parabolic function O O 0O O O O

Fig. O OO Kinetic energy of the parabolic function O O 0O O O O
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Fig. O OO Kinetic energy of the parabolic function O O 0O O O O

Fig. O O O Kinetic energy of the parabolic function O O O OO O O
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Fig. O OO Kinetic energy of the parabolic function O O O O OO O

Fig. O O O Kinetic energy of the parabolic function O O O OO O O
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Fig. O OO Kinetic energy of the parabolic function O O O O OO O
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O O O 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 A 0 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 (O ) and varies
according to time (O ). Intensity of the tidal flow is affected by barrier operation (O ) and can be
controlled by it (O ). Fig. O O O 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
(O0). 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.

Port side
Flow Barrier wall Flow
__,.'r\—\_“.-" m m m m m m m m m H r‘ m m m m m m L m m "'\-“_,_:—Fh,_\_
| A |
~ Sluice gate S Main ste Shiice gate
g:”
Sea side

Fig. O OO Tidal flow control by storm surge barrier operation
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00000 Operation conditions

Table O O O Side thrusters on board and conditions of gate operation

Side thruster on board

Thrust 40 tf
Specification | Mumber of unit 2
Total thrust g0 tf
Control | sterence | 444 om
limit Flow speed &3 mssec

Conditions of gate operation

Items LInit Condition 1 |Condition 2| Condition 3
Operation mesec 1.00 1.30 1.60
flow speed kt 1.94 253 311

Bottom mésec 0.80 080 0.80

mounting flow

speed kot 1.56 1.56 1.56
Friction coefficient f 01

Table 00 0O O 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 bothin O O 0O and O O . The friction coefficient O islockedin
O O O with a consideration that the magnitude of friction force is transmutable by the operation
buoyancy adjustment.

00000 Anaysison the calculation results

An operation method which corresponds to each of the 39 cases shown on Fig. O O thru O O
of the kinetic energy level judgment is explained referring to the operation conditions of TablelD O
O . Output on Fig. O O (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. 0 OO O (Linear function) and O O (Parabolic function) consider the tidal
flow effect but their quantitative reliability is not enough. Fig. 0 O O (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

-43-



load since the friction coefficient 0 islockedin O OO onTable 00O O. Theshoeload = 0O O
00O 0O the operation buoyancy.

The bottom mounting position (Refer to Fig. O O ) is calculated by below formula which was
derived from the tide difference distribution of group 6 ¢=90° onFig. 0 O0O.

Bottom mounting angle= 6 ¢ =
0 O x (O O Bottom mounting flow velocity+ Operation flow velocity) 0000(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 = (20 x Shoe loadx (50 3)+ Skin plate wet areax [0 )II00(3.-26)

0 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: 6 t = 6 cx (Friction flow velocity+ Operation flow velocity) 00000(3.-27)

Parabolic function: 6 t = 6 cx Friction flow velocity+ Operation flow velocity 00000(3.-28)

OO0000D0O0O0O Operation condition 1
Bottom mountingangle= 6 c= 00Ox 000 OOOOO =00°¢

O Constant function O O Operation condition O O
OO0 =00Fg. OO0ODOO0O

[0 Bottom mounting at Operation buoyancy = 00 0 O 0O tO

O Frictionflowspeed = DO OO OOOO

O Thruster shutoff

O Tidal flow travel (Kinetic energy O Limit O O O damaged
O00 =00000Fg ODODODO

00 Bottom mounting at operationbuoyancy = OO0 OO x O+ 0 =000 OO
O Frictionflowspeed= 00000 O0OOOOOO
O Thruster shutoff
O Tidal flow traveld Kinetic energy O Limit O O
O00 =00000Fg ODODODO
00 Bottom mounting at operationbuoyancy = OO0 O 0Ox O+ 0 =000 OO

O Frictionflowspeed = D0 0O OO0OOO0OODOO
O Thruster shutoff
O Tidal flow traveld Limit O O Kinetic energy O Limit OO



000 =00000Fg. OOODODO
[0 Bottom mounting at operationbuoyancy = D0 0O 0Ox O+ 0 =000 OO
O Frictionflowspeed= 00O OO OOQOOGQO4d
O Thruster shutoff
O Tidal flow travelO Limit O O Kinetic energy O Limit O O
000 =00000Fg. OOODODO
[0 Bottom mounting at operation buoyancy = D0 0O 0Ox O+ 0 =000 OO
O Frictionflowspeed = D 00O 0O0OOOOOOO
O Thruster shutoff
O Tidal flow traveld Limit O O Kinetic energy O Limit OO
000 =0000Fg. ODOODODO
[0 Bottom mounting at operation buoyancy = 0 0O O
O Frictionflowspeed = D 00O 0OOOOOO0OO
O Thruster shutoff
O Tidal flow traveld Kinetic energy O Limit O O

O00 =00000Fg. ODODOODO
0 Bottom mounting at operation buoyancy = O OO O OO
O

O Frictionflowspeed= 0000 0000000000000 = 0000
O Tidal flow + side thruster travel [ Kinetic energy O O O

O00 =00000Fg ODODODO
00 Bottom mounting at operation buoyancy = 0 O OO 0O0O
O Frictionflowspeed = 000000000000
O Tidal flow + side thruster travel [ Kinetic energy O O O
O00 =00000Fg ODODODO
O Bottom mounting at operation buoyancy = O O OO OO
O Frictionflowspeed= 0O OO0 O0OO0OOO0OOOO
O Tidal flow + side thruster travel [ Kinetic energy O O O
1000 =00000Fg. ODOOODODO
O Bottom mounting at operation buoyancy = O O O O OO
O Frictionflowspeed= 0O OO0 O0OOOO0O0OOO
O Impossible to move
1100 =0000FRg ODODODOO
00 Bottom mounting at operation buoyancy = 0 0 OO0 OO
O Frictionflowspeed = 000000000000
O Impossible to move
1200 =0000FRg ODODODOO
O Bottom mounting at operation buoyancy = 0 0 O 0O 0O x O
O Frictionflowspeed = 000000000000
O Impossible to move
1300 =0000Fg. OD0OD0OD
00 Bottom mounting at operation buoyancy = 0 0 0O O 0O x [
O Frictionflowspeed = D0 OO0 O0OO0O0O0O0OO0O

goobog oo

gogoog oo
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O Impossible to move

O Linear function 0 O Operation condition 0O O
O00 =00Fg. ODOOOODO

O Bottom mounting at operation buoyancy = 0 O O O tf

O Friction flow speed = O 0O 0O O

O Thruster shutoff

O Tidal flow travel O Limit O O Kinetic energy O Limit OO
O00 =00000Fg. ODODODOO

O Bottom mounting at operationbuoyancy = OO0 O Ox O+~ 0 =000 OO
O Frictionflow speed = OO OO OO O

0et=00x00000+00 =0000°
00 Rotation by side thruster: about O °

O Thruster shutoff
O Tidal flow travelll Limit O O Kinetic energy O Limit OO
O00 =00000Fg ODODODO

00 Bottom mounting at operationbuoyancy = D0 0O 0Ox O+ 0 =000 OO
O Frictionflowspeed = OO0 OO0 OO0

06 t= DDXDDDDD+DDD =p0ooor-e

[0 Rotation by side thruster: about O 0O O °

O Thruster shutoff

O Tidal flow travelll Limit O O Kinetic energy O Limit OO
O00 =00000Fg ODODODO

[0 Bottom mounting at operation buoyancy = 0 0 0O O x 0+ [
O Frictionflowspeed = OO0 OO0 OO0

06 t= DDXDDDDD+DDD =pDooogoe
[0 Rotation by side thruster: about O O °
O Thruster shutoff
O Tidal flow travel] Kinetic energy O Limit O O
O00 =00000Fg ODODODO
00 Bottom mounting at operationbuoyancy = OO0 O Ox O+ 0 =000 OO
O Frictionflow speed = 0 0 OO OO 0O O Speed at bottom mounting = 0 O O
O Impossible to move by thruster

god oo

O Parabolic function 0O O Operation condition O O
000 =00Fg O0DOO0OO0
[0 Bottom mounting at operation buoyancy = O O O O tf
O Friction flow speed = O O O O
O Thruster shutoff
O Tidal flow travel O Limit O 0 Kinetic energy O Limit OO
O00 =00000FRg. ODODODOO
O Bottom mounting at operationbuoyancy = OO0 OO x O+ 0 =000 OO
O Frictionflow speed = 0000000
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Oet=00x00000+00 =0000°¢

[0 Rotation by side thruster: about 0O °

O Thruster shutoff

O Tidal flow travel] Kinetic energy O Limit O O
O00 =00000FRg. ODODODOO

00 Bottom mounting at operationbuoyancy = OO0 O 0Ox O+ 0 =000 OO

O Frictionflowspeed = 00 OO0 O0O0O0O

Oetd0O0xOd0DOOO0O+0 =00000¢

O Rotation by side thruster: about 0 0 O O °

O Thruster shutoff

O Tidal flow travel] Kinetic energy O OO Limit O O
O00 =00000Fg ODODODO

0 Bottom mounting at operationbuoyancy = 00O Ox O+ 0 =000 OO
O Frictionflowspeed = OO0 OO0 OO0
Oet=00x00000+00 =00000¢°
O Rotation by side thruster: about 00 O °
O Thruster shutoff
O Tidal flow travel Kineticenergy O O O Limit OO
O00 =00000Fg. OODODOO
0 Bottom mounting at operationbuoyancy = 00O 0Ox O+ 0 =000 OO

O Frictionflow speed= 00000 0O OO Speed at bottom mounting= 0 0 O
O Impossible to move by thruster

OO0O000D0DO Operation condition 2

Bottom mountingangle= 06 0 = 00x 0000000+ 0000 =000O00O°¢

O Constant function O O Operation condition O O
O00 =00Fg. ODODOO
O Bottom mounting at operation buoyancy = 0 0O O O tO
O Frictionflowspeed = 00000000
O Thruster shutoff
O Tidal flow travel Kinetic energy 0 Limit O OO0 Damagedd
O00 =00000Fg ODODODO
O Bottom mounting at operationbuoyancy = OO0 O 0Ox O+ 0 =000 OO
O Frictionflowspeed = 0000 O0OOO0OODOO
O Thruster shutoff
O Tidal flow travel] Kinetic energy [0 Limit O 0O O Damagedld
O00 =00000Fg ODODODO
00 Bottom mounting at operationbuoyancy = OO0 0O 0Ox O+ 0 =000 OO
O Frictionflowspeed= OO0 00O 0O0OODOODO
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100

110

120

O Thruster shutoff

O Tidal flow traveld Kinetic energy O Limit O O O Damaged
O =00000Fg. O0O0O0ODO

0 Bottom mounting at operation buoyancy = O O 0O 0O x O+ O
O Frictionflowspeed= 0O OO0 O0OOODOOO

O Thruster shutoff

O Tidal flow travel Kineticenergy O Limit O O O Damaged
0 =00000Fg. ODODODO

O Bottom mounting at operation buoyancy = O OO0 0 x O+ O
O Frictionflowspeed= 0O OO0 O0OOODOOOQ

O Thruster shutoff

O Tidal flow travelO Kinetic energy O Limit O O O Damagedl
O =0000Fg. ODOODOO

0 Bottom mounting at operation buoyancy = O 0O O

O Frictionflowspeed= 00O OO0 O0OOODOOOQ

O Thruster shutoff

O Tidal flow travelO Kineticenergy O Limit O O O Damaged
0 =00000Fg. ODODODO

0 Bottom mounting at operation buoyancy = 0040 d OO

O Frictionflowspeed= 00O OO0 O0OOO0OOO

O Thruster shutoff

O Tidal flow traveld Kinetic energy O Limit O O O Damaged[
O =00000Fg. OO0O0ODO

00 Bottom mounting at operation buoyancy = 0 OO O 0O0O

O Frictionflowspeed = 00 00 O00OOO0ODOO

O Thruster shutoff

O Tidal flow traveld Limit O O Kinetic energy O Limit OO
O =00000Fg. OO0OODO

O Bottom mounting at operation buoyancy = 0 OO O OO

O Frictionflowspeed = 0000 O0O0O0OO0ODOO

O Thruster shutoff

O Tidal flow traveld Limit O O Kinetic energy O Limit OO

0O =00000Fg ODOOOODO
00 Bottom mounting at operation buoyancy = 0 0 OO OO

0 Frictionflowspeed= 0 000 0000000000000 -

O Tidal flow + side thruster travel

O Tidal flow travel O Kinetic energy O O O

O =0000Fg. OOOOODO

0 Bottom mounting at operation buoyancy = OO0 00O OO
O Frictionflowspeed= 00 OO0 O0OOOO0OOOO

O Tidal flow + side thruster travel [ Kinetic energy O O O
O =0000Fg. OO0DOOO
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0 Bottom mounting at operation buoyancy = 0 0 O 0O 0O x 0O ooooog oo
O Frictionflowspeed = D0 OO0 OO0O0OO0OO0OO0O
O Impossible to move

1300 =0000Fg ODODODOO
O Bottom mounting at operation buoyancy = 0 0 00O 0O x 0O
O Frictionflowspeed = 000000000000

O Impossible to move

goobog oo

O Linear function O O Operation condition O O
O00 =00Fg. ODOODOODO

[0 Bottom mounting at operation buoyancy = 0 0O O O tf

O Friction flow speed = 0 0 0O O

O Thruster shutoff

O Tidal flow traveld Kinetic energy O Limit O OO0 Damagedd
O00 =0000D0OFRg. ODODODOO

O Bottom mounting at operationbuoyancy = OO0 O Ox O+ 0 =000 OO
O Frictionflow speed = OO OO O0OO

DGtzDDDDXDDDDD+DDDDD=DDDD°
O Rotation by side thruster: about O °

O Thruster shutoff
O Tidal flow traveld Kinetic energy 0 Limit 0 OO0 Damaged
000 =00000Fg. OO0ODODO

[0 Bottom mounting at operationbuoyancy = D0 O 0Ox O+ 0 =000 OO
O Frictionflowspeed= 00000 OO

Det:DDDDXDDDDD+DDDDD:DDDD°
O Rotation by side thruster: about [I °

O Thruster shutoff
O Tidal flow travel Kinetic energy 0 Limit 0 OO0 Damaged
000 =00000Fg. OO0ODODO

[0 Bottom mounting at operationbuoyancy = D0 0O 0Ox O+ 0 =000 OO
O Frictionflowspeed= 0000 OO0

Det:DDDDXDDDDD+DDDDD:DDDDD°
[ Rotation by side thruster: about [I [I °

O Thruster shutoff
O Tidal flow travel Kinetic energy 0 Limit 0 OO0 Damaged

000 =00000Fg. OO0ODODO
[0 Bottom mounting at operationbuoyancy = D0 0O 0Ox O+ 0 =000 OO
O Frictionflowspeed= 00O 0O 0O 0O O O O Speed at bottom mounting = O O O
O Impossible to move by thruster

O Parabolic function 00 O Operation condition 0 [

O00 =00Fg. OOODOODO
O Bottom mounting at operation buoyancy = O 00 O O tf
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HEN

O Friction flow speed = O 0O 0O O

O Thruster shutoff

O Tidal flow travel] Kinetic energy [0 Limit O 0O O Damagedld

O =00000Fg. OODODOO

O Bottom mounting at operationbuoyancy = OO0 O 0Ox O+~ 0 =000 OO
O Frictionflowspeed= 000 OO0 0ODO
det=0000x00000+0000 =00000O¢

O Rotation by side thruster: about O O °

O Thruster shutoff

O Tidal flow travelO Kinetic energy O Limit O O

O =00000Fg. OOOODODO

[0 Bottom mounting at operation buoyancy = 0 0 0O O x O+ O
O Frictionflowspeed= 00O O QOO QO0Od
0et=0000x0000+000 =00000°¢

O Rotation by side thruster: about 00 O °

O Thruster shutoff

O Tidal flow travelO Limit O O Kinetic energy O Limit OO
O =00000Fg. OO0OODO

O Bottom mounting at operationbuoyancy = 00O 0Ox O+ 0 =000 OO

O Frictionflowspeed = OO0 00000
Oet=0000x00000+-0000 =00000°¢

O Rotation by side thruster: about O O °

O Thruster shutoff

O Tidal flow travelll Limit O O Kinetic energy O Limit OO

O =00000Frg. ODOODDO

00 Bottom mounting at operationbuoyancy = D0 0 0Ox O+ 0 =000 OO0
O Frictionflow speed = 0 0O 0O OO OO Speed at bottom mounting = 0O O O
O Impossible to move by thruster

god oo
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ad

00000 Operation condition 3

Bottommountingangle= 6 0 = 0OU0Ox 0000000+ 0000=0000°¢

O Constant function O O Operation condition O O

gd

ggd

HEN

ad

HEN

g

g

ad

O =00Fg. ODOODODO

00 Bottom mounting at operation buoyancy = O 0 O O O

O Frictionflowspeed = DO OO OOOO

O Thruster shutoff

O Tidal flow travel Kineticenergy O Limit O OO0 Damagedd
O =00000Fg. ODDOOOO

00 Bottom mounting at operation buoyancy = 0 0 00O x O+ O
O Frictionflowspeed = D 00O 0O0OOOOO0OO

O Thruster shutoff

O Tidal flow travel Kinetic energy 0 Limit 0 O 0 Damagedd
O =00000Fg. OO0DOODO

O Bottom mounting at operation buoyancy = 0 0 OO x O+ O
O Frictionflowspeed = D0 OO0 OO0OOODOO

O Thruster shutoff

O Tidal flow traveld Kinetic energy O Limit 0 0 0 Damagedd
O =00000Fg. ODOOOO

00 Bottom mounting at operation buoyancy = 0 0 O 0O x O+ O
O Frictionflowspeed = D0 OO0 OOOOODOO

O Thruster shutoff

O Tidal flow travel Kinetic energy O Limit O O O Damagedl
O =00000Fg. O000O0ODO

0 Bottom mounting at operation buoyancy = O O 0O 0O x O+ O
O Frictionflowspeed = D0 0O 0OOOOOOOO

O Thruster shutoff

O Tidal flow travel Kinetic energy O Limit 0 O O Damaged
O =0000Fg. OODOOO

O Bottom mounting at operation buoyancy = O 0O O

O Frictionflowspeed= 0O OO0 OO0OOODODOOQ

O Thruster shutoff

O Tidal flow travelO Kinetic energy 0 Limit 0O O O Damaged
O =00000Fg. ODODOOO

[0 Bottom mounting at operation buoyancy = 0 0 0O 00O

O Frictionflowspeed = D 00O 0O0OOOOOOO

O Thruster shutoff

O Tidal flow travel Kinetic energy 0 Limit O 0 O DamagedO
O =00000Fg. ODODOOO
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[0 Bottom mounting at operation buoyancy = 0 0 OO OO

O Frictionflowspeed = D0 0O OO0OOOODOO

O Thruster shutoff

O Tidal flow travel] Kinetic energy [0 Limit O 0O O Damagedld
O00 =00000Fg ODODODO

[0 Bottom mounting at operation buoyancy = 0 0 OO OO

O Frictionflowspeed = D0 OO0 OOOO0OODOO0

O Thruster shutoff

O Tidal flow traveld Kineticenergy O Limit O OO Damagedd
1000 =00000Fg. ODODODO

[0 Bottom mounting at operation buoyancy = 0 0 OO OO

O Frictionflowspeed = 00 OO0 OO0OO0OODOO0

O Thruster shutoff

O Tidal flow travel Kinetic energy O Limit O OO0 Damagedd
1100 =0000FRg ODODODOO

O Bottom mounting at operation buoyancy = OO0 OO 0O OO

O Frictionflowspeed = 0000 OO0OOO0OODOO

O Thruster shutoff

O Tidal flow travel] Kinetic energy 0 Limit O 0O 0O Damagedld

1200 =0000Fg. OODOOODO
O Bottom mounting at operation buoyancy = 0 O O 0O 0O x 0O ooooo oo
goo

O Frictionflowspeed= 0000 0000000000000 =0000
O Tidal flow + side thruster travel [ Kinetic energy O O O

1300 =0000Fg ODODODOO
O Bottom mounting at operationbuoyancy = D OO UO0Ox O = 00000 OO
O Frictionflowspeed= 00 00O O0OO0O0OOO0O
O Impossible to move

O Linear function O O Operation condition 0O O
O00 =00Fg. ODOODOODO

O Bottom mounting at operation buoyancy = 0 O O O tf

O Friction flow speed = 0 0 0O O

O Thruster shutoff

O Tidal flow travel] Kinetic energy 0 Limit 0O 0O O Damagedld
O00 =00000Fg. ODODODOO

O Bottom mounting at operationbuoyancy = OO0 0O 0Ox O+ 0 = 00000
O Frictionflow speed = 0000 0O OO

0et=00x00000+0000 =0000°
00 Rotation by side thruster: about O °

O Thruster shutoff
O Tidal flow travell Kinetic energy 0 Limit O O 0O Damagedld
O00 =00000Fg ODODODO
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00 Bottom mounting at operationbuoyancy = OO0 O 0Ox O+ 0 =00000
O Frictionflow speed = OO0 00000

06 t= DDXDDDDD+DDDDD =pDooor-

O Rotation by side thruster: about O °

O Thruster shutoff

O Tidal flow traveld Kinetic energy 0 Limit 0 O O Damaged
O00 =00000Fg ODODODO

[0 Bottom mounting at operation buoyancy = D0 0O 0Ox O+ 0 = 00000
O Frictionflowspeed = OO0 OO0 OO0

DGtzDDXDDDDD+DDDDD=DDDDD°
[0 Rotation by side thruster: about O O °

O Thruster shutoff
O Tidal flow traveld Kinetic energy 0 Limit 0 O O Damaged

O00 =00000Fg ODODOO
00 Bottom mounting at operationbuoyancy = OO0 0O 0Ox O+ 0 = 00000
O Frictionflowspeed = 0 0 OO OO0 O Speed at bottom mounting = 0O O O
O Impossible to move by thruster

O Parabolic function [0 O Operation condition [0 [
000 =00Fg OO0DOOO0
[0 Bottom mounting at operation buoyancy = O O O O tf
O Friction flow speed = O O O O
O Thruster shutoff
O Tidal flow traveld Kinetic energy 0 Limit 0 O 0 Damagedd
000 =00000Fg. OOODOO0O
[0 Bottom mounting at operationbuoyancy = 0 00O 0Ox O+ 0 = 00000
O Frictionflow speed = 0000 00O 0O
O0et=00x00000+0000 =0000°¢
O Rotation by side thruster: about 00 O °
O Thruster shutoff
O Tidal flow travel Kinetic energy O Limit O O O Damaged
O00 =00000Fg. OODODOO
00 Bottom mounting at operationbuoyancy = OO0 0O 0Ox O+ 0 = 00000
O Frictionflowspeed = 00000000
0et=00x0000+000 =00000cr
O Rotation by side thruster: about [ I °
O Thruster shutoff
O Tidal flow travel Kinetic energy 0 Limit 0 O O Damaged
000 =00000Fg. OOO0DODO
0 Bottom mounting at operationbuoyancy = 000 0Ox O+ 0 = 00000

O Frictionflow speed = OO OO OO O
O0et=00x00000+0000 =000D00O00°¢

O Rotation by side thruster: about 00 O °

-53-



O Thruster shutoff
O Tidal flow traveld Kinetic energy O Limit O O O Damaged

O00 =00000Fg. OODODOO
O Bottom mounting at operationbuoyancy = D 00O Ox O+ 0 = 00000
O Frictionflowspeed = OO0 OO0 0O O OO Speed at bottom mounting= 0 0O O
O Impossible to move by thruster

00000 Add-up of the analysis

OO00000O0O Add-up of operation methods

Table O O O 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.



Table O 0O O

Add-up of operation method sCO 0 0 O O

Friction coefficient f 000|002 |00d4 (006 | 005|010 (012 (014 | 016 | 018 [020 | 030 | 040
Shoe load 0 215 430 644 | 869 | 1074 | 1289 | 1603 (1718 [ 1933 [ 2148 | 3222 | 4206
Itern in common
Shoe friction force (tf) 0 21 43 64 86 | 107 | 128 [ 160 [ 172 | 193 | 215 | 322 | 430
Friction flow speed (m.“=} | 000 | 044 |062 |076 | 088 [089 [1.08 (117 {125 |1.32 [140|1.71 [1.87
Thruster &t° - - - - - - - - - - - - -
T ravel
means Tidal flow [ O T T B T I I B
(8c) Tidal flow + thruster [ [ 3 |Inability | Inability | Inability | Inability
Constant -
function =0 Q & &
Kinetic < Limit 1
BNEFEY | Limit 1 theu Limit 2 Ol ol ol OO
Operation > Limit 2 O
condition 1 Py bt
Traval Thruster &t - 35 | 70105 [inabiity
Flow speead means Tidal flow O O
&t bjtt,om (8c) Tidal flove + thruster
mounting Linear
0. 8m. s . =50
function
Operation Kinetic = Limit 1
flow speed Brergy | Limt1thulimit2| O | O | O | O
1. 0m/s > Limit 2
go=18" Trave| | Thruster @t - | BO|11.2 |13.8 [nsbiity
means Tidal flow O e O
(8o Tidal flow + thruster
Farakalic -
. =0
function
Kinetic << Lirmit 1 O [
ENErZy | Limit 1 thru Limit 2 | O
> Limit 2
T Thruster @t - - - - - - - - - - - - -
rane |
rEans Tidal flow S|l ool ol O] o | O
(8c) Tidal flow + thruster (3 |Inability | Inability
Constant -
function =0 ©
Kinatic < Limit 1
ERErZY | Limit 1 thru Limit 2 & & &
Operation = Limit 2 O|O|O|O O | DO
condition 2 ar -
Travel Thruster 8t - 40 8.0 [12.0 [Inabilty
Flow speed means Tidal flow ol OO O
at bjtt,om (8c) Tidal flove + thruster
maunting Linear
0. 8m. s . 50
function
Operation Kinetic < Limit 1
flow speed ENEFZY | Limit 1 thru Limit 2
1. 8m/ s >umt2 | O |O | OO
8 c=34.6° Traval |Thruster &t - |18 | 166 | 204 |nsbiity
means Tidal flow e e . O
(8c) Tidal flove + thruster
Parabolic S
function ’
Kinetic = Limit 1
BNErEY | Limit 1 thru Limit 2 olo|lo
= Limit 2 O
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Table O 0O O Add-up of operation methods 0 O O 0O O

Friction coefficient f 000|002 (004 | 006 [008 |010 (012 | 014|016 | 018 | 020 (030 | 040
Shoe load O 215 430 644 | 859 | 1074 | 1289 | 1503 (1718 [ 1933 | 2148 | 3222 | 4206
Itern in commaon
Shoe friction force (tf) of 21 43 fid 86 [ 107 | 128 (180 | 172 [ 1583 | 215 | 322 | 430
Friction flow speed {m, =} (000 | 044 | 062 (076 (088 | 0595 [1.08 (117 (1.25 [1.32 |1.40 |1.71 |1.57
Thruster &t° - - - - - - - - - - - - -
Travel
means Tidal flow O O O O O O O ] ] ] O
(8c
Tidal flove + thruster o [Inaility
Ounst:ant =0 o
function
Kiretic < Limit 1
BIEIEY | Limit 1 thru Limit 2
=lmtz | OO | O[O | OO || |O | OO
Oreration Thruster 8t° | - | 34| 69 103 |mabity
condition 3 Travel
means Tidal flow oo o | O
Flowspeed at (8o
bottom Tidal flov + thruster
o unting \
0. 8m/s | -near =0
function
Operation Kinetic << Limit 1
fl d
f_wafnm/es BIEIEY | Limit 1 thru Limit 2
.- } i i
8 o=45 Limit & S|l ol oD
Thruster 8t - 96 [135 [16.5 [Insbiity
Travel
rEans Tidal flow (O BRI B O
f8c
Tidal flow + thruster
Constant =0
function )
Kinetic < Limit 1
BIETEY | Limit 1 thru Limit 2
> Limit 2 S|lOo|o |0

0000000 Explanation of the categoriesin the table

Table O O O shows the results of operation condition O and O and table shows that of
operation condition [0 . 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 "0 ") of which it consists.

O Items in common( : The item in common to all operation conditions and consists of the
followings.
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O Friction coefficient O : The O value shown on the figures (graphs) of kinematic energy

[0 Shoe load: The shoe load whose friction force correspondingto O = 0.1 (referto Table 00 O O)
equals the shoe friction force below (just for reference).

0 Shoe friction force: = O 0O O 0O 0O O x Friction coefficient [J

O Friction flow speed: Flow speed whose thrust on the gate body equals the shoe friction force.

[0 Operation condition O thru O O : Refer to Table 0 O O and its explanation.

O Constant function : Tide difference distribution on 8 cis constant. Refer to Fig. [0 6 for 6 c.
O Linear function : Tide difference distribution on 8 cisLinear (Refer to Fig. O O ).

O Parabolic functionO : Tide difference distribution on 6 cis parabolic (Refer to Fig. O O).

O Travel meand] 6 cO O: Travel means of the gate body on the 6 c area. It correspondsto the O .
O Thruster 6 t: Gate rotation angle from 6 = 0 aided by thruster. Constant function and f = O
are  not applicable (O ).

O Tidal flow: Travel aided by the tidal flow (o : Case concerned).

O Tidal flow + thruster: Travel aided by the tidal flow and thruster (o : Case concerned).

O kinetic energyd : A detail category concerned is selected referring to the kinetic energy graphs.
O 0O 0O : Kinetic energy isamost 0 (No impact power exists).

O 0O Limit O: Kinetic energy islessthan Limit O (Impact power issmall).

O Limit O thruLimit O : Kinetic energy is between Limit 1 and Limit 2, inclusive (Impact power
is medium OO Allowable).

OO0 Limit O: Kinetic energy ismore than Limit 0 (Impact power isbig 0 0 Damaged).

O Supplementary explanation of the detail categories

1)Shoe load: The operation buoyancy which is necessary to provide the friction force
corresponding to the O value of each energy-level judgment graph is shown at O O O O O
(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 00 has been locked in
0.1 at the operation condition of Table O OO (Shoe load = OO 0O 0O OO O operation
buoyancy). The shoe loads are also shown on Table O 0 00 (Add-up of operation methods)
although the table is coordinated according to the [0 values so that a range of the shoe load
selection may be found against the operation flow speed of Table O 0O 0O.

2)Thruster 0 t: The gate body needs the thruster aided movement of 6 t° rotationat 8 = [
position (refer to Fig. O [0 ) 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 O thruster: It isthe last means of the gate body movement within the 6 c area and
its capacity limit is given by below formula, and "Inability" is keyed when the capacity limit is |ess
than the friction flow speed.

Limit capacity of (tidal flow O thruster) =
O Operation flow vel ocityD 0 Bottom mounting flow vel ocityDDIj DDD ogooad ooooo(s.-29)
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00000000 Travel means and kinetic energy

0 00O Explanation of the coordinated results

O Operation condition O [

[0 Constant function

O Travel means: 0 = 0O thru O OO isthetidal flow, OO0 O thru O OO0 O isthetidal flow
O thethrusterand O 0O O0OOO is"Inability".

O Kinetic energy: In the tidal flow area, damaged at 1 = O and allowableat 0 = O00O00O

thru O O O . Inthe (tidal flow O thruster) area, thereis no impact force.

O Linear function

O Travel means: 0 O 0O thru OO 00O isthetidal flowand O O OO OO is"Inability".

O Kineticenergy: OO 0O thru OO OO isallowable.

[0 Parabolic function

O Travel means: O OO thru OO0 OO isthetidal flowand O O O OO0O is"Inability".

O Kineticenergy: 0 OO thru OO O O isalowableand O O 0.4 thru 0.6 isless than Limit 1.

00 Operation condition 0O O

0 Constant function

O Travel means: 0 = 0O thru O O O isthetida flow, O [OIJ isthetidal flow O thethruster
and 0O O O0O0O is"Inability".

O Kinetic energy: In thetidal flow area, damaged at [0 = O thru OO 0O 0O and allowable at [

= 00O00O thru OOODO.Inthe (tidal flow O thruster) area, thereis no impact force.

O Linear function

O Travel means: OO 0O thru OO0O0O isthetidal flowand O O O0O0O0O is"Inability".

O Kineticenergy: 00O 0O thru OO0 O is"damaged".

O Parabolic function

O Travel means: O O 0O thru OO 0O isthetidal flowand O O OO OO is"Inability".

O Kineticenergy: 0 = 0 is"damaged" and O O OO OO thru OO0 O O isallowable.

O Operation condition O [

O Constant function

O Travel means: 0 = 0 thru OO O isthetidal flow, 0 0O O isthetidal flow 0O the thruster
and 0O 0O OO0 is"Inability".

O Kinetic energy: In the tidal flow area, damaged at all cases. In the (tidal flow O thruster) area,
there is no impact force.

O Linear function

O Travel means: 0 O 0O thru O OO0 isthetidal flowand O O OO OO is"Inability".

O Kineticenergy: OO O thru OO OO is"damaged".

[0 Parabolic function

O Travel means: O OO thru OO0 OO isthetidal flowand O O O OO0O is"Inability".

O Kineticenergy: 0 = 0 thru 00000 is"damaged".
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00O O Relation between the results

[0 Operation condition 00 0

[0 Constant function

O Travel means: The operation flow speed is the smallest and the shifting point of the travel means
isto the left. "Inability" concerns the operation flow speed and its mark point is also to the | eft.

O Kinetic energy: Damage occurs at [1 = [ and disappears with the [0 increase. The tidal
flow O the thruster is a kind of manual operation and no impact power work consequently.
Selectable shoe load is between 215 and 1718 [ [1 where 1289 thru 1718 needs thruster aid.

O Linear function

O Travel means: "Inability" concerns the bottom mounting flow speed and occurs at the small O

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.

O Kinetic 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 O O .

O Parabolic function

O Travel means: Identical with the linear function.

O Kinetic energy: Identical with the linear function except that the energy level is less than the
linear. Selectable shoe load is between 0 and 644 [0 [J .

O Operation condition 0O O

O Constant function

O Travel means: The shifting 00 of the travel meansisto the right than the operation condition O

since the operation flow speed is higher. "Inability” mark point is to the right with the same reason.
O Kinetic energy: The damaged area increased due to the higher set of the operation flow speed.
The energy shifted to the allowable range with the O increase. Thetidal flow O the thruster is
a kind of manual operation and no impact power work consequently. Selectable shoe load is
between 1503 and 2148 [0 [0 where the case 2148 needs thruster aid.

O Linear function

O Travel means: "Inability" concerns the bottom mounting flow speed whose set value is the same
as the operation condition 00 and occurs at the same O 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.

O Kinetic 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 remarkabl e than the constant function.

O Parabolic function

O Travel means: "Inability" concerns the bottom mounting flow speed whose set value is the same
as the operation condition 00 and occurs at the same O 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.

O Kinetic 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 [0 increase since the energy level is lower than the
linear function. Selectable shoe load is between 215 and 644 [0 [0

O Operation condition O [

[0 Constant function

O Travel means: The shifting 0O of the travel means s to the right than the operation condition O

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

O Kinetic 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 [ increase. The tidal flow O the
thruster is a kind of manual operation and no impact power work consequently. Selectable shoe load
is3222 O O which needs thruster aid.

O Linear function

O Travel means: "Inability" concerns the bottom mounting flow speed whose set value is the same
as the operation condition 00 and occurs at the same O 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.

O Kinetic 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.

[0 Parabolic function

O Travel means: "Inability" concerns the bottom mounting flow speed whose set value is the same
as the operation condition [0 and occurs at the same [0 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.

O Kinetic energy: The damaged area increased due to the even higher operation flow speed setting.

00000 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.

O 00 Findings

O Kinetic energy absorption by a gate body is possible.

[0 The shoe friction force has a beneficial effect on the tidal flow energy dissipation.
O Gate 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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OO 0O Implementation items at project stages
[0 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.

O Operation manual
Operation manuals including the experimental results mentioned above are required to be made.

0 O 0O Referenceinformation
O 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.

O 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
¢) 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

O 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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O O Conclusion

O 00O 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
guantified in the form of the inertia force and its reaction force.

OO 0O 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.

000 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.

-62-



