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SUBROUTINE TRIANGULAR

subroutine triangular (nn,dx,dy,dz,beta,theta, iopt obst)
include 'common.gen2D'

double precision x1,z1,x2,z2

-- Triangular face 1: Up-slope -

vyl = 0.0

M start = 0

M finish = 0

N start = nint(x_triangular (n_triangular,l)/dx) !+ 1

N finish = nint(x_ triangular (n_triangular,2)/dx) !+ 1

L start = nint(z_ triangular (n_triangular,1l)/dz) !+ 1

L finish = nint(z_ triangular(n_triangular,2)/dz) !+ 1

triangular slopel =
(z_ triangular (n_triangular,2) - z_ triangular (ngrtriangular,l))/
(x_ triangular (n_triangular,2) - x triangular (n_triangular,1))

ntemp = nn

do i = N_start,N_finish

nn=nn+1
x1l = i*dx
zl = z_ triangular (n_ triangular,1)
+ (x1 - x triangular (n_triangular,1))* triangular slopel

call pos veloc(nn,x1,yl,2z1,0.,0.,0.)
if (iBC.eqg.1l) then
if (i.eq.N_start) then
i minusl = nn
i plusl =nn + 1

else if(i.eq.N_finish)then

i minusl = nn - 1

i plusl = nn
else

i minusl = nn - 1

i plusl =nn + 1
end if

!-— Normal information - neighbour data for -
!-- Repulsive Boundary Particles (BPs) -=
iBP Pointer Info(nn,3) = i minusl 'i-1 neighbour

iBP Pointer Info(nn,4) = i plusl 'i+1 neighbour
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end if
if (iBC.ne.1l) then
x2 = x1 + 0.5*dx
y2 = yl + 0.5*dy
z2 = z1 + 0.5*%dz
nn=nn+1
call pos_veloc(nn,x2,y2,22,0.,0.,0.)
end if
end do
if(iBC.eqg.1l) then
!-- Normal information - neighbour data for -=

!-— first corner particle on cylinder side -=

iBP_Pointer Info(ntemp+1, 3) ntemp+1 'i-1 neighbour
iBP_ Pointer_ Info(ntemp+1l,4) = ntemp+2 'i+1 neighbour
!-- last corner particle on cylinder side -=
iBP Pointer Info(nn,3) = nn -1 'i-1 neighbour

iBP Pointer Info(nn,4) = nn 'i+1 neighbour

ntemp = nn

end 1if

-- Triangular face 2: Down-slope -

vyl = 0.0

M start = 0

M finish = 0

N_start = nint(x_triangular (n__triangular,3)/dx) '+ 1

N finish = nint(x_triangular (n_ triangular,4)/dx) !+ 1
L start = nint(z_ triangular (n__triangular,3)/dz) '+ 1
L finish = nint(z_ triangular (n_triangular,4)/dz) !+ 1
triangular slopel =
(z_ triangular (n_triangular,4) - z_ triangular (n_triangular,3))/
(x_triangular (n_ triangular,4) - x_ triangular (n_triangular,3))
ntemp = nn

do i = N_start,N_finish

nn=nn+1
x1 = i*dx
z1l = z_triangular (n_ triangular, 3)
+ (x1 - x_triangular (n_triangular,3))* triangular _slopel

call pos veloc(nn,x1,yl,z1,0.,0.,0.)
if (iBC.eqg.1l) then
if(i.eq.N_start)then

i minusl = nn
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i plusl =nn + 1
else if(i.eq.N_finish)then

i minusl = nn - 1

i plusl = nn
else
i minusl = nn - 1
i plusl =nn + 1
end if
!-- Normal information - neighbour data for -=

!-- Repulsive Boundary Particles (BPs) ——

iBP_Pointer Info(nn,3) = i minusl 'i-1 neighbour

iBP_Pointer Info(nn,4) i plusl 'i+1 neighbour
end if
if(iBC.ne.1l) then
x2 = x1 + 0.5*dx
y2 =yl + 0.5*dy
z2 = z1 - 0.5*dz
nn=nn+1
call pos_veloc(nn,x2,y2,2z2,0.,0.,0.)
end if
end do
if(iBC.eq.1l) then
!-— Normal information - neighbour data for

!-- first corner particle on cylinder side

iBP_ Pointer Info(ntemp+1l,3) = ntemp+l 'i-1 neighbour

iBP Pointer Info(ntemp+1l,4) = ntemp+2 'i+1 neighbour

!-- last corner particle on cylinder side

iBP Pointer Info(nn,3) = nn -1 'i-1 neighbour
iBP Pointer Info(nn,4) = nn 'i+1 neighbour
ntemp = nn

end if

SUBROUTINE LABE TIZ******************

subroutine trapezoid(nn,dx,dy,dz,beta, theta,iopt obst)
include 'common.gen2D'
double precision x1,z1,x2,2z2

-- Trapezoid face 1: Up-slope -
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M finish 0

N start = nint(x_trapezoid(n_ trapezoid,1l)/dx) !+ 1
N finish = nint(x trapezoid(n_trapezoid,2)/dx) !+ 1
L start = nint(z_ trapezoid(n_ trapezoid,1)/dz) !+ 1
L finish = nint(z_trapezoid(n_trapezoid,2)/dz) !+ 1

trapezoid slopel

=

(z_trapezoid(n_trapezoid,2) - z_trapezoid(n_ trapezoid,1))/
a (x_trapezoid(n_trapezoid,2) - x trapezoid(n_trapezoid, 1))
ntemp = nn
do i = N start,N finish,-1
nn=nn+1
x1l = i*dx
z1l = z trapezoid(n trapezoid,l)
E + (x1 - x trapezoid(n trapezoid, 1)) *trapezoid slopel
call pos veloc(nn,x1,yl,z1,0.,0.,0.)
if (iBC.eqg.1l) then
if (i.eq.N_start) then
i minusl = nn
i plusl =nn + 1

else if (i.eqg.N finish)then

i minusl = nn - 1
i plusl = nn
else
i minusl = nn - 1
i plusl =nn + 1
end if
!-— Normal information - neighbour data for -

!-- Repulsive Boundary Particles (BPs) -

iBP_Pointer Info(nn,3) = i minusl !i-1 neighbour
iBP_Pointer Info(nn,4) = i plusl !'i+1 neighbour
end if

if (iBC.ne.1l) then

x2 = x1 - 0.5*dx

y2 = yl + 0.5*dy

z2 = z1 + 0.5*dz

nn=nn+1

call pos veloc(nn,x2,y2,2z2,0.,0.,0.)
end if
if (i.eq.N_start) then

print*, 'Start of Trap, x1,z1 ',x1,zl
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endif

end do

z_lastPoint = zl

if (iBC.eqg.1l) then
!-- Normal information - neighbour data for
!-- first corner particle on cylinder side
iBP Pointer Info(ntemp+l,3) = ntemp+l
iBP Pointer Info(ntemp+l,4) = ntemp+2

!-- last corner particle on cylinder side

neighbour

neighbour

iBP Pointer Info(nn,3) = nn -1 'i-1 neighbour

iBP_Pointer_ Info(nn,4) = nn 'i+1 neighbour

ntemp = nn
end if
-- Trapezoid face 2: Flat-Top -

yl = 0.0

M start = 0
M finish = 0
N start = nint(x_trapezoid(n_trapezoid,2)/dx)
N finish = nint(x_trapezoid(n_trapezoid, 3)/dx)
z1l = z_ lastPoint
ntemp = nn
do i = N_start,N _finish
nn=nn+1
x1l = i*dx
call pos veloc(nn,x1,yl,z1,0.,0.,0.)
if (iBC.eqg.1l) then
if (i.eq.N_start)then
i minusl = nn
i plusl = nn + 1
else if (i.eqg.N finish)then
i minusl = nn - 1

i plusl = nn

else
i minusl = nn - 1
i plusl =nn + 1

end if

!-— Normal information - neighbour data for

!-- Repulsive Boundary Particles (BPs)

'+ 1

'+ 1

iBP_Pointer Info(nn,3) = i minusl !i-1 neighbour

iBP_Pointer Info(nn,4) = i _plusl 'i+1 neighbour
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end if
if (iBC.ne.1l) then
x2 = x1 + 0.5*dx
y2 = yl + 0.5*dy
z2 z1l + 0.5*dz
nn=nn+1
call pos veloc(nn,x2,y2,z2,0.,0.,0.)
end if
end do
x TopFinish = x1
if (iBC.eqg.1l) then
!-- Normal information - neighbour data for

!-— first corner particle on cylinder side

iBP_Pointer Info (ntemp+l,3) = ntemp+l !'i-1 neighbour
iBP_Pointer Info (ntemp+l,4) = ntemp+2 'i+1 neighbour
!-- last corner particle on cylinder side -
iBP Pointer Info(nn,3) = nn -1 'i-1 neighbour
iBP Pointer Info(nn,4) = nn 'i+1 neighbour
ntemp = nn

end if

-- Trapezoid face 3: Down-slope -

vyl = 0.0

M start =0

M finish = 0

x1l = x trapezoid(n_trapezoid, 4)

L start = nint(z_trapezoid(n_trapezoid,3)/dz) !+ 1

L finish = nint(zitrapezoid(nitrapezoid,4)/dz) '+ 1

print*, 'x TopFinish ', x TopFinish
ntemp = nn
do i = L start,L finish,-1

nn=nn+1

z1l = i*dz

call pos veloc(nn,x1,yl,2z1,0.,0.,0.)

if (iBC.eq.1l) then

if (i.eq.N_start) then

i minusl = nn

i plusl =nn + 1
else if (i.eq.N finish) then

i minusl = nn - 1

i plusl nn
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else

i minusl = nn - 1
i plusl =nn + 1
end if
!-- Normal information - neighbour data for -=

!-- Repulsive Boundary Particles (BPs) ——

iBP Pointer Info(nn,3) = i minusl !i-1 neighbour
iBP Pointer Info(nn,4) = i plusl !i+1 neighbour
end if

if (iBC.ne.1l) then
x2 = x1
y2 = yl + 0.5*dy
z2 = z1 - 0.5*dz
nn=nn+1
call pos_veloc(nn,x2,y2,z2,0.,0.,0.)
end if
end do
if (iBC.eqg.1l) then
!-— Normal information - neighbour data for -
!-— first corner particle on cylinder side -
iBP_ Pointer_ Info(ntemp+1l,3) = ntemp+l 'i-1 neighbour
iBP Pointer Info(ntemp+1l,4) = ntemp+2 'i+1 neighbour

!-- last corner particle on cylinder side -=

iBP_Pointer_ Info(nn,3) = nn -1 'i-1 neighbour
iBP Pointer Info(nn,4) = nn 'i+1 neighbour
ntemp = nn

end if

SUBROUTINE MOKAQ@B ba ZAVIYE****xkxkxix

subroutine obstacle (nn,dx,dy,dz,beta, theta, iopt obst)
include 'common.gen3D'

double precision x1,yl,zl

double precision dx1l, dyl, dzl

write(*,*) ' Which kind of obstacle'

write(*,*) ' (1) Solid '

write(*,*) ' (2) With Solid Walls'

read(*,*) iopt kind

write(*,*) iopt kind
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write(*,*) ' Density of points'
read(*,*) ndens

write (*,*) ndens

dxl=dx/ndens

dyl=dy/ndens

dzl=dz/ndens

write(*,*) ' Cube containing particles'
write(*,*) ' XMin, Xmax ??'
read (*, *) XXmin, XXmax

write (*,*) XXmin, XXmax
write(*,*) ' YMin, Ymax ?2°?'
read(*,*) YYmin, YYmax

write (*,*) YYmin, YYmax
write(*,*) ' ZMin, Zmax ?°?'
read(*,*) ZZmin,ZZmax

write (*,*) ZZmin, ZZmax
write(*,*) ' slope in X direction??'
read(*,*) slope

write(*,*) slope
slope=slope*pi/180

if (slope.eq.pi/2) then

valtan inv=0

Xtop=1.01*XXmax
else

valtan _inv =1./tan(slope)

kmax=nint (ZZmax/dz1l)

Xtop=1.01* (XXmax+kmax*dxl*valtan inv)
endif
Nstepsx=nint ( (XXmax-XXmin) /dx1)+1
Nstepsy=nint ( (YYmax-YYmin) /dyl)+1
Nstepsz=nint ( (ZZmax-ZZmin) /dzl)+1
write(*,*) 'Npnts x/y/z', nstepsx,nstepsy,nstepsz
write(*,*) 'Beginning of obstacle at ',nn+l
write(*,*) 'Start of obstacle at ',nn+l
if (iBC.eq.2) then

hk=(YYmax-YYmin) / (XXmax-XXmin)
if (iopt kind.eq.2) then

-- Block face 1 -

N ini=nint (XXmin/dx1)

N _end=nint ((XXmin- (XXmax-XXmin) ) /dx1)
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M ini=nint (YYmin/dyl)

M end=nint (YYmax/dyl)

L ini=nint (ZZmin/dz1)

L end=nint (ZZmax/dz1l)

do i=N_ini,N_end, -1
do k=L ini,L end
if (i.eq.N_ini) then
x1=XXmin
else
x1=i*dx1
end if
y1=Y¥min- (x1-XXmin) *hk
z1l=k*dzl
nn=nn+1
call pos veloc(nn,x1,yl,z1,0.,0.,0.)
enddo

enddo

-- Block face 2 -

N ini=nint ( (XXmin- (XXmax-XXmin)) /dx1)

N _end=nint (XXmin/dx1)

L ini=nint (ZZmin/dz1)

L end=nint (ZZmax/dz1l)

do i=N_ini,N_end
do k=L ini,L end
if (i.eq.N_ini) then
x1=(2*XXmin) -XXmax
else if (i.eg.N_end)then
x1=XXmin
else
x1=1i*dx1l
end if
yl=Y¥max+ (x1-2*XXmin+XXmax) *hk
z1l=k*dzl
nn=nn+1
call pos veloc(nn,x1,yl,2z1,0.,0.,0.)
enddo

enddo

-- Block face 3 -
N ini=nint (XXmin/dx1l)

N _end=nint (XXmax/dx1l)
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L ini=nint (ZZmin/dz1)
L end=nint (ZZmax/dz1l)
do i=N_ini,N_end
do k=L ini,L end
if (i.eq.N_end) then
x1=XXmax
else
x1=i*dx1
end if
y1=(YYmin+2* (YYmax-YY¥min)) - (x1-XXmin) *hk
z1l=k*dzl
nn=nn+1
call pos veloc(nn,x1,yl,z1,0.,0.,0.)
enddo
enddo
-- Block face 4 -
N ini=nint (XXmax/dx1)
N _end=nint (XXmin/dx1)
L ini=nint(zZmin/dzl)
L end=nint (ZZmax/dzl)
do i=N_ini,N_end, -1
do k=L ini,L end
if (i.eq.N_ini) then
x1=XXmax
else if (i.eq.N_end) then
x1=XXmin
else
x1=1i*dx1l
end if
yl=Y¥max+ (x1-XXmax) *hk
z1l=k*dzl
nn=nn+1
call pos veloc(nn,x1,yl,z1,0.,0.,0.)
enddo
enddo
-- Block face 5 -
N ini=nint (XXmin/dx1)
N_end=nint ( (XXmin- (XXmax-XXmin)) /dx1)
M end=nint ((XXmax-XXmin) /dx1)

do j=0,4

Yy Y4



k=1
do i=N_ini,N_end, -1
x1=(1i*dx1)+((j+1) *dx1)
y1=YYmin+ (j+k) *dyl
z1l=77max
k=k+1
nn=nn+1
call pos veloc(nn,x1,yl,z1,0.,0.,0.)
enddo

enddo

endif

SUBROUTINE OSTAVANEX * * % sk X Kk X ko Xk ok x

subroutine obstacle (nn,dx,dy,dz,beta, theta, iopt obst)
include 'common.gen3D'
double precision x1,yl,zl

double precision dx1, dyl, dzl

write(*,*) ' Which kind of obstacle'
write(*,*) ' (1) Solid '
write(*,*) ' (2) With Solid Walls'

read(*,*) iopt kind

write(*,*) iopt kind

write(*,*) ' Density of points'

read(*,*) ndens

write (*,*) ndens

dxl=dx/ndens

dyl=dy/ndens

dzl=dz/ndens

write(*,*) ' center of circular'

write(*,*) ' X center circular, y center circular ?2?'
read(*,*) X center circular, y center circular
write(*,*) X center circular, y center circular
write(*,*) ' radius of circular ?2?'

read(*,*) r circular

write(*,*) r circular

write(*,*) ' ZMin, Zmax ?°?'

read(*,*) ZZmin,ZZmax

write (*,*) ZZmin, ZZmax

write(*,*) ' slope in X direction??'
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read(*,*) slope
write(*,*) slope
slope=slope*pi/180
if (slope.eq.pi/2) then
valtan inv=0
Xtop=1.01*XXmax
else
valtan inv =1./tan(slope)
kmax=nint (ZZmax/dz1l)
Xtop=1.01* (XXmax+kmax*dxl*valtan inv)
endif
Nstepsx=nint ( (XXmax-XXmin) /dx1)+1
Nstepsy=nint ( (YYmax-YYmin) /dyl)+1
Nstepsz=nint ( (ZZmax-z2min) /dzl)+1
write(*,*) 'Npnts x/y/z', nstepsx,nstepsy,nstepsz
write(*,*) 'Beginning of obstacle at ',nn+1l
write(*,*) 'Start of obstacle at ',nn+l
if (iBC.eq.2) then
N _startl=1
N finishl=nint (2.0*pi* (r circular)/dx)
L start=nint (ZZmin/dz)
L finish=nint (ZZmax/dz)
do i = N _startl,N finishl
do k = L_start,L finish
nn=nn+1
angle=angle+tan(dx/(r_circular))
x1=X center circular+(r_circular)*sin(angle)
yl=y center circular+(r_circular) *cos (angle)
z1=7Zmin+k*dz
call pos veloc(nn,x1,yl,21,0.,0.,0.)
end do
end do
-- Block face 1
N _start2=1
N finish2=nint (2.0*pi* (r_circular-dx) /dx)
L start=nint (ZZmin/dz)
L finish=nint (ZZmax/dz)
do i = N_start2,N_finish?2
nn=nn+1

angle=angle+tan(dx/(ricircular—dx))
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x1=X center circular+(r circular-dx) *sin(angle)
yl=y center circular+(r circular-dx)*cos (angle)
z1=7Zmax

call pos veloc(nn,x1,yl,z1,0.,0.,0.)

end do
-- Block face 2

N_start3=1

N finish3=nint (2.0*pi* (r_circular-2*dx)/dx)

L start=nint (ZZmin/dz)

L finish=nint (ZZmax/dz)

do i = N_start3,N_finish3

nn=nn+1

angle=angle+tan (dx/ (r circular-2*dx))

x1=X center circular+(r circular-2*dx)*sin(angle)
yl=y center circular+(r circular-2*dx) *cos (angle)
z1l=77Zmax

call pos veloc(nn,x1,yl,z1,0.,0.,0.)

end do

-- Block face 3

N _startéd=1
Nifinish4=nint(2.0*pi*(ricircular—3*dx)/dx)

L start=nint (ZZmin/dz)

L finish=nint (Z2Zmax/dz)

do i = N _start4,N finish4

nn=nn+1

angle=angle+tan (dx/ (r circular-3*dx))

x1=X center circular+(r_circular-3*dx)*sin(angle)
yl=y center circular+(r_circular-3*dx) *cos (angle)
z1=77Zmax

call pos veloc(nn,x1,yl,21,0.,0.,0.)

end do

!- Include Body Forces -

bigUdot (i_num FB) = bigUdot (i_num FB) + bigMass(i_num FB)*grx
bigVdot (i num FB) = bigVdot (i num FB) + bigMass(i_num FB)*gry
bigWdot (i _num FB) = bigWdot (i num FB) + bigMass (i num FB)*grz

niro x=bigUdot (i num FB)
niro y=bigVdot (i num FB)

niro z=bigWdot (i num FB)
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!- Evaluate non-friction forces -
if (nb_inFriction (i num FB) .gt.0) then
X_nonFriction(i_num FB) =
(bigUdot (i_num FB) - X Friction(i_num_ FB))
/(nb_inFriction (i num FB))
Y nonFriction(i num FB) =
(bigVdot (i_num FB) - Y Friction(i num FB))
/(nb_inFriction (i num FB))
Z nonFriction (i num FB) =
(bigWdot (i_num FB) - Z Friction(i num FB))

/(nb_inFriction (i num FB))

else

X nonFriction(i num FB) =

(bigUdot (i_num FB) + bigMass (i_num FB) *grx

- X Friction(i num FB))

Y nonFriction(i num FB) =

(bigvdot (i_num FB) + bigMass (i _num FB) *gry

- Y Friction(i num FB))

Z nonFriction (i num FB) =

(bigWdot (1_num FB) + bigMass (i _num FB) *grz

- Z Friction(i num FB))

endif

!~ Forces per unit mass -

bigUdot (i _num_ FB)
bigVdot (i _num_ FB)

bigWdot (i _num FB)

= bigUdot (i_num FB) /bigMass (i_num FB)
= bigVdot (i_num FB)/bigMass (i_num FB)

= bigWdot (i_num FB)/bigMass (i_num FB)

OmegaXdot (i _num FB) = OmegaXdot(iinumiFB)/bigInertiaXX(iinumiFB)
Omega¥Ydot (i _num FB) = OmegaYdot(iinumiFB)/bigInertiaYY(iinumiFB)
OmegaZdot (i _num FB) = OmegaZdot(iinumiFB)/bigInertiaZZ(iinumiFB)

Box XC (i num FB)
Box YC (i num FB)
Box ZC(i_num FB)
bigU(i_num FB) =
bigV(i_num FB) =

bigW (i _num FB) =

= Box XC old(i num FB) + dt2*bigU (i num FB)
= Box YC old(i num FB) + dt2*bigV (i num FB)
= Box Z2C old(i_num FB) + dt2*bigW (i num FB)
bigU _old(i num FB) + dt2*bigUdot (i num FB)
bigV_old (i num FB) + dt2*bigVdot (i num FB)

bigW old (i num FB) + dt2*bigWdot (i num FB)

bigU(i_num FB) =0.0
bigV(i_num FB) =0.0
bigW(i_num FB) =0.0
bigOmegaX (i num FB) = bigOmegaX old(i num FB)
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B + dt2*OmegaXdot (i_num_FB)

bigOmega¥Y (i_num FB) = bigOmega¥Y old(i_num FB)
E + dt2*Omega¥Ydot (i _num FB)

bigOmegaZ (i_num FB) = bigOmegaZ old(i_num FB)
B + dt2*OmegaZzdot (i_num FB)

bigOmegaX (i _num FB) =0.0
bigOmega¥Y (i _num FB) =0.0

bigOmegaZ (i_num FB) =0.0
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Abstract

Based on the enormity of the dam building, high volume of used materials and high cost
of construction, economic function and the aspects of power supply and water, dam is
considered as a strategic building. For this reason dam break is the most important case
among of natural or engineering events that this event can cause a major catastrophe with
destructive fatality and financial losses. In addition to the complexity inherent of dam
break flow, existence of obstacles and buildings, changes the rapid variation of
downstream flow pattern that make the problem more complex. Therefore all of
researchers and engineers effort is studying the comprehensive of this phenomenon and
limiting the dimension of the damage caused by it. Hence the aim of this thesis is study
the ability and efficiency of the Smoothed Particle Hydrodynamics (SPH) in modeling
the dam break against the obstacles.

Smoothed Particle Hydrodynamics is a lagrangian mesh free method in which each
particle moves according to the property of the surrounding flow and governing equations
and carries the properties of water such as density, pressure and mass. This method is
used in a lot of fields of engineering, such as solids mechanics, hydraulics and
astrophysics. Because of the lagrangian nature, SPH is very suitable for very large and
discrete deformations.

In this thesis, in order to validation and verify the accuracy of SPH, some two dimensional
modeling of dam break against the various obstacles done by SPH; due to limited shapes
of obstacles in SPH, modeling of dam break in two and three dimensional case, require
changes in the SPHysics numerical code to build different shapes of obstacles against the
dam break flow. This changes in code are given in the appendix of this thesis. By
comparing the two dimensional modeling results with available experimental data, it is
shown that SPH has a good performance and the results have sufficiently accurate.

This thesis aims to provide appropriate way to reduce the damage caused by dam break
till in the event of dam break accident, be able to minimize the severity of damages by
reduce force and velocity of the flow. In order to achieve this goal, first by using a three
dimensional dam break model against a single column, the exerted force on column is
calculated; the applied force on the column, is calculated with the written numerical code
in the appendix of this thesis and by comparing the results with experimental data the
accuracy of the SPH method is evaluated. In the following the effect of three parameters:
the shape, distance and arrangement style of the obstacles is examined on the flow motion
and the exerted force on the obstacles. First by comparing the effect of three obstacle,
cylindrical and square and the located square column obstacles in the flow path with the
angel, the effect of obstacle shape is evaluated and determined that the shape of obstacle
has a significant effect on the flow velocity and the process of formation of the reflection
wave. Finally by flow modeling against three obstacle with different arrangement styles
and distances between them, the impact of these two parameters is evaluated on the flow
velocity and exerted force on the obstacles. The results show that the effect of
arrangement style of obstacles on the exerted force is much greater than the distance
between the obstacles.

Keywords: Dam Break, Obstacle, Exerted Forces on the Body, Smoothed Particle
Hydrodynamics
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