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Overview

* Common Terms

* How to Create a Mesh

* Limitations

* Fixing Mesh Problems

* Hydraulic Property Tables




Finite Volume Mesh

* Naming Convention
* Face Points
* Faces
* Cells

* Computation Points
(center)




Mesh Generation

* Define mesh boundary and triangul:
dots)

* Face Points (red dots) are triangle ci

* Faces (red lines) connect face points
* Faces are also “Enforced” with inter|




Create 2D Flow Area Mesh in

RAS Mapper

* Meshes are generated from a set of computation points with

consideration to polygons and breaklines.

* Steps/Features used to create a mesh:

* Perimeter Polygon
* Computation Points
* Breaklines (Optional)

e Refinement Regions (Optional)

2D Flow Areas
t ] Perimeters

- [[] Computation Points

"] Brezk Lines

----- "] Refinement Regions

* Creating a good mesh is an iterative process!




Editor Access

* Create a New Geometry

e Edit Geometry

----- [[] Features

i B[] MewGe -
@-[Rivers | RAS Geometry Properties

m-[]C
7L Cross . Edit Geompgtry

C T 20 Elewnel @ Validate Gotmatn:

E RAS Mapper

File Tools Help

Selected Layer: Perimeters

(- [v] Fealures

e Edit Toolbar b

- [ Rivers

Perimeters
Computstion Foints
] Break Lines
] Refinement Regions

* Select Layer

] Boundary Conditions
t.. [] Errors

1 mesh computed in 0.08s
1 mesh computed in 0.082s
1 mesh computed in 0.075s
1 mesh computed in 0.133s
1 mesh computed in 0.068s
1 mesh computed in 0.077s
1 mesh computed in 0.067s

| Views | Profile Lines | Active Features|

(406603.36. 1803482.89 1 pixel = 10.71 feet)




Editing

LI D Q| |\ |ZTools ~| ?

‘Lllli'
 Add New Feature
» Select/Edit Feature lfﬁ
Undo/Redo -
Plot Profile
Tools
Help =

f

r
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Add New Feature

e Left-click to start adding a new point, line, or polygon
* Double-click to end a line or polygon

* Pan by switching to Pan tool, Shift key, Middle Mouse, or right-click to
re-center.




i
Select / Edit

* Select / Edit tool is used to select feature(s) and then begin editing
(move, add points, delete, etc).

* Double-click to Start Editing (Open feature)
* Double-click to End Editing (Close feature)

* Mouse hover indicates action
* Green point indicates: Move, Insert, Delete point

- . Rivers layer
- i '
- 2 A "
; L3 :




'::T’EE;M N
2D Flow Area R

e 2D Flow Area Editor

E% 2D Flow Area Editor - O X

]

Perimeter: 2D Interior Area

Edit 20 Area Properties
Try to Fix Mesh (Debug) Points Spacing (ft) DX I 200 Dy: I 200 ﬂ Mesh State = Complete ~
Copy Selected Feature  Ctrl+C el E:;nr:;;o;aﬁls;n&ﬂi?m

Average Cell Size = 40,765
Delete Selected Feature el, D Maximum Cell Size = 78,628
Minimum Cell Size = 31,054
2 Y Generate Computation Points with All Breaklines |
p ! Mesh Status = Success: Existing
Generate Computation Points without Ereaklines | mesh read from hdf fie in 0025,

i

—Hydraulic Cell/Face Properties
Default Manning's n Value: [ 0.06 gl Compute Property Tables |

Force Mesh Recomputation | Close




Computation Points

-[w] 20 Flow Areas
i [w] Perimeters

... [#] Computation Poinis ‘ .

* Generate Computation Points at
an even interval ~——

 Breaklines and Refinement
Regions area enforced

e Default n Value

20 Flow Area Editor

Generate Computation Points with All Breaklines

— O >
2D Flow Area: - ]
Cell Properties lCDnnectic:ns ]
Computation Points
") Points Spacing (ff) DX 200 DY: | 200 il Mesh State = Complete Y

Mumber of Cells = 11057
Average Face Length = 202
Awerage Cell Size = 40,765
Maximum Cell Size = 78,628
| Minimum Cell Size = 31,054

Generate Computation Points without Breaklines

Mesh Status = Success: Existing
| mesh read from hdf file in 0.029

L

Hydraulic Cell/Face Properties
Default Mannings n\Value: | 0.06

nnnnn A

{ﬂ-l Compute Property Tables |

* Hydraulic Table Property ey

2D_Area

Set the 2D Flow Area’s Cell and Face Filter Tolerances for
O e ra n C e S the Hydraulic Table Computations.

Cell Elev-Vol Filter Tol (ft):

Cell Minimum &rea Fraction:

Face Profile Filter Tol (f):

Face Conveyance Tol Ratio:

Face Laminar Depth (ft):

Defaults

Face Elev-frea Filter Tol (ft):

Close

slalels| sl

oK | Cancel
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Computation Points
I

* Mesh is generated from resultant set of
computation points.

-[w] 20 Flow Areas

ES edit Points *
— Selected Area Edits Table Tools
| xl ol 2| ¥l 5]
* | Y &l
b 1 4058801458 1304322839 | |
2 4DA080.1458 1804522 839
3 4062801458 1804522 839
4 4064801458 1804922 839
5 4052801458 1804722.839
[3 4054801458 1804722.839
7 405680,1458 1804722.839
3 4058801458 1804722 839
9 4060801458 1804722839
10 4062801458 1804722839
11 4054801458 1804722 839
12 4050801458 1804522 839
13 4052801458 1804522 839
14 4054801458 1804522 839
15 405680,1458 1804522 839
18 4058801458 1804522 839
17 4080801458 1804522 839
18 4062801458 1804522.839 | -

o]

Cancel
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Create 2D Flow Area Mesh

from an existing Storage Area

* Converting Existing Storage Area
* Click convert button

Connections and References to this Storage Area

SR AEAERREEAEE
L L e e L L s = = e T e s S L
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Hydraulic Property Tables

* Computation engine uses hydraulic property tables to represent the
geometry of the system

e Cells

* Elevation/Volume

* Faces
e Elevation/Area
e Elevation/Wetter Perimeter
* Elevation/Manning’s n
* (all from station elevation profile)




Benefits of Hydraulic (Sub-grid) Tables

e Can model small channels in larger cells

= [..JProt ws extents for Profie: [fnone)

Structure

A

2DFlom

| £
M 151:9550.91‘501023;5171 15




Benefits of Hydraulic (Sub-grid) Tables

286
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Hydraulic Property Tables

 Computed (once and stored in geometry *

* From RAS Mapper

* Before unsteady-flow simulation

' -] Muncie Base Geometry - 3 Shs
= D Muncie Geometry - 20 50ft Grid
Rivers

-] Storage Areas
El- [¥] 2D Flow Areas

hdf)

Perimeters i Layer Properties

Computation | BB Qpen Attribute Table
Break Lines
-[[] Refinement H
- [] Structures A
- [] Manning's N &) Zoom to Layer

- [] Boundary Cendit
[ Errors Mowve Layer

F Edit Geometry (BETA)

B[] Muncie Geometry - § Export Layer
= [v] Initial Geometry
- [] Rivers | Compute 20 Flow Areas Hydrwlic Tables

B[] Cross Sections Ve
HT

... 71 Starane Areas

Plot Property Table

by’

HEC-RAS lnisnen Lizrguiaiions

Write Geometry Information

Layer: Processing 2D Cells (2DFlowArea) ]

Geometry Processor

River: RS:
Reach: Node Type:
I8 Curve: |

Computation Messages

Plan: 'Unsteady - 2D100ft grid 15 sec T' (Muncie.p01)
Simulation started at: 07Aug2014 08:53:00 AM
Using 64 Bit Computation Engines

Writing Geometry

Computing Bank Lines

Bank lines generated in 70 ms

Computing River Edge Lines

River Edge Lines generated in 70 ms

There are no stored interpolation surfaces
Interpolation Surfaces will be recomputed
Computing XS Interpolation Surfaces

XS Interpolation Surfaces generated in 96 ms
Geometry ‘GeomWriter' association was set to the terrain layer (Terrain)
Computing 2D Flow Area '2DFlowArea’ tables

Pause
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ells

mRASMapper = =]
File Tools Help
GECECRTEN Y- X

=-¥| Geometries

E-[¥] Muncie Geometry - 2D 100ft Grid
4
-] River Edge Line
[F1Junction 2DFlowArea
-] Storage frea ell Volume vs Elevation| -
7120 Flow 2 Cell Volume
[C]%S Interpolation Surface Cell Index fil
857 J | | /ﬁ{
258
945.5
859
860 7
861
862 1
263
ﬁ = 945 |
o
[T1XS Interpolation Surface 866 g
[F Depth (02JAN1900 £9:10:00) 867 =
~[C] Depth (M=) @ 868
[T Arrival Time (1 days) @ 269 [
Map Layers 870
944.5
~[C] Geogle Hybrid knl
-] Munciell) 72
=¥ Terrains 873
[#ITerrainNew [ 274
275
876 : | —————r—
877 0 2000 4000 6000 8000 10000
878 Volume

Geometry ‘Muncie Geometry - 20 100f Grid" association
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Faces

El RAS Mapper

=@ = ]

File Tools Help

-[] River Edge Line
[ Junction
[T Storage Area

[#]20 Flow Ares _
15 Interpolation Surface

[FlBank Line
[C]River Edge Line
[FJunction

~[C1XS Interpolation Surface
[ Depth (02JAN 1800 09.10:00)
["1Depth (Max) &
[T Arrival Time (1ft days) @

Geometry "Muncie Geometry - 2D 100ft Grid' association wa|

A D@8

wu
A

=K XX RS

Visualization and Irformation | Fealuresl

Poirt Symbol Line Style

Addtional Options

Color Ramp

Label Features
[] Label Features with Attribute Column(s)

Messages

[F] Mesh Edges

[T] Mesh Cell Numbers

[ M Fece s
["] Mesh Face Point Numbers

[T] Mesh Dual TIN

Source File

CAHEC DatalRAS\Muncie\RAS Model\Muncie.g01.hdf
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Face Profile

F] RAS Mapper (=[] = ]

File Tools Help

RN EE 00V

[F]River Edge Line
JCJunction

[FIxs

[ Storage Area

D Flow Area R

V| a
JCIXS Interpolation Surface

2DFlowhrea
Unsteady - 2D100f grid 15 sec T

Face Profile - Profil
rofmie
~{| Bank Line Face Index o
[ River Edge Line 1837 b
Fdunction 123 1 — 1858
1838 1
-[C] Storage Area 1240 9452
20 Flow Arez 1841
[F1%S Interpolation Surface bols 1
[T] Depth (0244N1500 09:10:00) 1843
] Depth (Max) i@ 1oa1 945
{0 Arrival Time (1t days) & -
ap Layers .8
. [7] Google Hybrid g
[“MuncieLU W
=2 errains
Terrainfew” [

Geometry Muncie Geometry - 2D 100ft Giid' association wa
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Face Elevation vs Area

RAS Mapper “:' = = ‘
El PP

File Tools Help

-[] River Edge Line
[ Junction

15 Interpolation Surface
ulis

2DHowhfrea
nsteady - 2D100ft grid 15sec T
Face Area vs Elevation
. [ Face Area
[C]Bank Line Face Index
[C]River Edge Line

[FJunction

~[C1XS Interpolation Surface
[ Depth (02JAN 1800 09.10:00)
["1Depth (Max) &
[T Arrival Time (1ft days) @

[¥] TermainNew™

Geometry "Muncie Geometry - 2D 100ft Grid' association wa|
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Hydraulic Property Tables

* View from RAS Mapper - ‘2DFlow Area’ in ‘Geometry’ or ‘Results’

-

o= 2D Flow Area Property Tables - Unsteady - 2D100ft grid 15 sec T

File Tools Help
2DFlowArea -

Cell Volume vs Hevation -
Cell Volume

940

[T River Edge Line
[T Junction

938

]
w
&

L[] Arrival Time (17t days) @

ap Layers

-] Google Hybrid

MunciellJ [img ]
rains

Temsinhlew [

Elevation

934

932

930

T T ———T—T—T7T T T
20000 40000 60000 80000 100000 120000
Volume

‘ . 3
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Mesh Limitations

* One face between cells — even on perimeter
* Only one boundary condition per Face

* Except for Lateral structures

* Lateral structures can stop and start on the same 2D external Face, when
connecting 1D reach to a 2D area.



-ZDFInw.ﬂ.reas -

@ Perimeter ==

""" [] Computation Paints

... [#] Break Lines F—_—

Brea klines ----- [ Refinement Regions

* Breaklines enforce Cell Faces inside of the Mesh.
* Place along linear features that control water movement
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Breaklines

* “Snapping” is part of mesh generation
* Faces snap to breaklines if they are close enough

* “Enforcing” changes the cell points around a breakline
* Improves the snapping of the 2D faces to the breaklines
* Not perfect, might require tighter cell spacing and/or hand graphical editing



Breakline Properties

* Near Spacing — Initial cell size (approx.) along

the breakline.
* Default value is 2D Area point spacing

* Near Repeats — Repeats cell insertion using

Near Spacing a multiple away from the
breakline.

* Far Spacing — Max cell size (approx.) of newly

added cells.
* Default value is 2D Area point spacing

e Enforce 1 Cell Protection Radius — Once
enforced cells near to the breakline will not
be removed through the enforcement of

additional breaklines.

* Include cells added/edited by hand.

Breakline Editor >
| o] a| @ - |
Enforce 1 Cell

Name MNear Spacing MNear Repeats Far Spacing Protection Radius
LRI Breakline 1 50 0 100 v
N 2|Breakline 2 50 0 100 v
3| Breakline 3 50 0 100 v
4 testh 25 1 50 v
5| TestB 50 1 100 v

Enforce Selected Breaklines

oK

Cancel
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Breakline Process

* All points within a computed buffer are removed.
e Cells are added uniformly along the side of breakline.

e Buffer for point removal is computed as:
Near Spacing * Near Repeats
+ Double Near Spacing size n times until reach Far Spacing size
(However, take 75% of last cell size so as to not delete too far)

Breakline Editor X
n raal IC| : &y
Enforce 1 Cell

Name Near Spacing Near Repeats Far Spacing Protection Radius
LA NI Breakline 1 50 0 100 =
N 2|Breakline 2 50 0 100 v
3|Breakline 3 50 0 100 3
4| testA 25 1 50 v
5/ TestB 50 1 100 v

Enforce Selected Breaklines ‘ OK | Cancel |

* A breaklines’ area of influence is stopped by a neighboring breakline (will not proceed to
opposite side).
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* Grid spacing = 100

Breakline Examples

Near Spacing

=
8
g
3
@

Far Spacing

Near Spacing

Near Repeats

Far Spacing

Near Spacing

Near Repeats

Far Spacing
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-[+#] 20 Flow Areas _—

& Perimeters —

Refinement Regions S

e Cell Size X,Y — Internal cell size dimension

 Perimeter is treated like a breakline

* Perimeter Spacing, Near Repeats, Far Spacing, Cell Protection same as for
breaklines

* Internal cell size used for perimeter spacing, if not defined

Refinement Region Editor ped
Nl el al 4l .
Enforce 1
Cell
+ Perimeter Mear Far Protection
— Name Cell Size X | Cell Size ¥ | Spacing Repeats Spacing Radius
*+ |+ 1/Region 1 50 a0 100 v
oK Cancel
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Refinement Examples

* Grid spacing = 100

Cell Size | Cell Size | Perimeter Cell Size | Cell Size | Perimeter Cell Size | Cell Size | Perimeter
X Y Spacing * Y Spacing X Y Spacing

50 50
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Refinement Regions and Break Lines to Align
Channel Cells

31



* Connections
* Similar to Storage Area

e Quick Link to Connections

2D Flow Area Editor
Geometry Editor

20 Flow Areas

Storage

Connections and References to this 2D Flow Area
1s:RS=13214 | LS:RS=7300 |

Edit Land Classification to Mannings n... | esh contains: 1332 cells

= e o T R T e T e

Cell Yolume Filter Tal:
Face Profile Filter Tal:
Face Area-Elev Filter Tal:

Face Conveyance Tol Ratio:

Force Mesh Recomputation

ell size max = 18839, 10 (=g ft)
0.01 ell size min = 6621.38 (sq ft)
ell size avg = 10347.02 (sq ft)

0.01

Generate Computation Points on
0.01 Regular Interval with All Breaklines...
0.02 Enforce Selected Breaklines ...

View Edit Computation Points ...

| _, ............................ ,_ Cancel
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Computation Points

* Final mesh is based on final computation point set.
* Enforcement of Breaklines and Refinement Regions modifies existing

computation points.

* Can enforce a breakline once, change parameters and enforce again.

e Each iteration modifies the
previous points.

* Point Regeneration will
automatically use Breaklines
and Refinement Regions.

Force Mesh Recomputation ‘

ES 2D Flow Area Editor - O *
2D Flow Arez:  [2DArea - &
Cell Properties ]CDI‘II‘IECtiDI‘IS ]
Computation Paoints
Points Spacing (fty DX | 200 DY: | 200 xarl Mesh State = Complate -
Mumber of Cells = 11057
Average Face Length = 202
Average Cell Size = 40,765
Maximum Cell Size = 78,628
Minimum Cell Size = 31,054
§p Generate Computation Points with All Breaklines |
Mesh Status = Success: Existing
Generate Computation Points without Breaklines | mesh read from hdf file in 0.023
ﬁﬁﬁﬁﬁﬁﬁ
Hydraulic CelliFace Properties
Default Manning’s n Value: | 0.06 {ﬂ-l Compute Property Tables |
Closegg

#




Fixing Problems

* If cell spacing is too large, cell faces may not be enforced
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Fixing Problems

e More than 8 sides on a cell.

- - # i
20 Arez: 7 Errorfs) - Maximum 8 Faces par Calf [Displaying Local Mashl  [Full Mesh Out-of-Dafs]

* Fix by Hand B “ ]
* Auto “Try Fix” menu option : ""




Fixing Problems

* Cells need to have exactly one Computation Point (Black Dot)

* Fix graphically by adding more points and/or moving points near
perimeter
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Questions?

US Army Corps
of Engineers e
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