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How the results obtained from a mathematical model can support decision-
making when designing hydrotechnical objects

Bridge is planned in km 930+010 of the Vistula River (express road from
Gdansk to Warsaw)

12 spans supported on piers

Main span over the Vistula
River (130 m)

Located over the waterway

source: GDDKIA
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Hydrodynamic calculation
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h = water depth,

U vV = horizontal components of the velocity,

Sox Soy = bed slope terms,

St Sty = hydraulic slopes defined using Manning formula,
g = acceleration due to gravity

integration in space — finite volume method
integration intime  —  explicit two step finite difference scheme
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100-year flow (Q,,,) with cofferdams

Water velocity distribution
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Bed erosion [m]
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DynaRICE model

M; = unity mass (per area) of ice particle,
I} =ice velocity vector,
R =ice internal resistance force,

ﬁa = wind drag,

{

", = water drag,

G = gravity force.

Solved by SPH method with method of images implemented to the land
boundaries
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Y F, = —a,,,Nndy — 0., Nndx + XNndl + ~7,,,Ndxdy + =1, Ndxdy +
y 2 2
1 dh
+ E'ON — dxdy =0
Y F, = =0y, Nndx — 0, Nndy + YNndl + > 7,,, Ndxdy + > 7a,Ndxdy +

1 . dh
+EpNdedy =0

X, Y =components of the ice load on the structure;
n = thickness of ice,

N = ice concentration;
Taxs Tay = COMponents of wind drag;

Twx, Twy = cOmponents of water drag;

Oxx, Oyy and 0y, = 0y, internal ice stresses
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Courtesy: M. Naskret, trojmiasto.pl
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 Mathematical models are precise tools to predict possible conditions that
may occur in a future structure operation.

* Results of numerical modeling was used to assess the effect of bridge
piers on hydrodynamic and ice transport. The ice load on the piers was
also determined

* Even though numerical modeling is generally accepted and defined as a
best practice in bridge design, there is shortage of such activity in Poland.

* Insufficient structure to environment interaction analysis may lead to
variety of dangerous situations including stability problemes, river
degradation, increased flood risk and other environmental issues.



