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| ntroduction

The DTM-Contour module calculates surface models as either 3D grid mesh or triangulation
networks. Contour maps, volumes and other applications use these surface models. Any point,
insert, line, or polyline with elevation may be used to define the surface.

Understanding the concept of triangulationis hel pful inworking with the DTM-Contour module
since nearly every routine in this module references triangulation. Even 3D grid mesh uses
triangulationinternally.

Triangulation createsatriangular network from pointswhere points are connected by edgeswith
each edge forming asegment of onetriangle or acommon edge of two triangles (see Figure 5-1).
The edges are used to interpol ate el evations between the points. Generally, points are connected
to their nearest neighbors because points that are close together are more likely to be related.
Sometimes making the nearest connection isnot what you want. For instance, there might betwo
pointsthat define asegment of aroad, wall, or ridge. Even though these points might befar apart,
you want them connected in the triangul ation because you want to interpol ate al ong this segment
and you don't want any edge crossing this path. This can be achieved by drawing aline or 3D
polyline between the points. All the verticesin lines and polylines are included as pointsin the
triangulation, and all the segments become edges in the triangulation. In this way, lines and
polylines are treated as barrier lines. In fact, 3D polylines can effectively used to create surface
models. Carl sonsuppliesseveral routinesfor creatingand modifying 3D polylinesintheDTM drop-
down.

Asanother example, consider two pointshigh up on oppositesidesof avalley. If thesetwo points
are connected by triangulation, their high elevations would be interpolated across the valley
creating avirtual dam in the valley where nonereally exists. Thisincorrect triangulation can be
prevented by creating abarrier line through the bottom of the valley and between the high points
on the opposite sides.

27620 570.90
Figure5-2: Triangulationwithbarrier linefrom
Figure5-1: Triangulation Network point 22 to point 32.
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3D Polyline Commands

3D Polylines are used in surface modeling to repre-  30pady DT Confour Sk Mec
sent barrier or break lines which force interpolation Craw 01 Pobdins
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Draw 3D Polyline Tog Hard Bariar Pokirns

LUirkz Hard Bamier Fofeines

Function

Thiscommand setsauser specified layer and plotsa3DPOLY which can beused to definebarrier
lines and features that better define surface models. You can pick points from the graphics
screen or use point numbers from the current Coordinate File (.CRD file). Ranges of point
numbers can al so be specified. For example entering "3-1,5,10" would draw 3D Line segments
from point number 3 to 2 to 1 to 5 to 10.

Thereisan optionto useasurfacemodel that isstoredin afilewhich canbeeither agridfile(.grd)
or triangulation file (.flt). When a point is picked or apoint number is entered, the program uses
the northing and easting of this point and cal cul ates the el evation from the surface model.

The Prompt for elevations (.XY filter) option determines whether the elevation of the specified
pointisused automatically. WiththeXY filter active, theuser isasked to enter theelevationeither
by directly typing the elevation or by specifying the percent slope or sloperatio fromthe previous
point.

Warning: When creating a3D polyline by picking pointsfrom the screen, be careful not to miss
apoint and get azero elevation. Thiswould create a 3D polyline that dropsto zero at one point.
As points are picked, Draw 3D Polyline reports the coordinate so that you can check that the
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correct elevation wasused. If you missapoint and see a zero elevation, then you can type Undo
at the next prompt.

Prompts
L ayer Namefor 3DPoly <BARRIER>: [ Enter]
Prompt for elevations(.XY filter) (Yes/<No>)? Y
Usingthe. XY filter allowsthe user to pick the X and Y coordinatefrom the screen andtypeinthe
elevation. If you usethe N response then the z coordinate of the point picked will be applied.
Use surface model from file (Yes/<No>)? When apoint is picked, this option calculates the
elevation of thepicked point usingasurfacemaodel. Thesurfacemodel canbeeither agridfile(.grd)
ortriangulationfile(.flt).
Pick point or point numbers: (pick point)
Per cent dope/Ratiodope/Elevation <99.15>: 99.5
Undo/Pick point or point numbers: 15 Thisisapoint number from the current coordinatefile.
Per cent slope/Ratioslope/Elevation <98.75>: P For Percent slope.
Ratiodope/Elevation/Per cent dope<-2.53>: -2 Setstheel evation of thispointtomakea?2 percent
dlope from the previous point.
Close/Undo/Pick point or point numbers: PressEnter
Pressing [Enter] ends the command.

Keyboard Command: 3dpline
Pull-Down M enu L ocation: 3DPoly
Prerequisite: None

File Name: \Isp\3dpline.lsp

3D Polyline with Follow

Function

Inadditiontoallowingyoutodraw apolylineinthesameway asthe AutoCad plinecommand, this
command can also add sections of existing polylinesinto the new polyline. Toinclude part of an
existing polyline, enter Sfor the Sel ect exi sting polylineoption. Then choosetheexisting polyline
and pick anenter point and anexit point onthepolyline. Thenew polylinewill "follow" theexisting
polyline between these two points. If the existing polyline is closed, then there are two possible
waysto go between the enter and exit points. By default the points are connected in the direction
of thepolyline. Thecommandwill highlight thedefault way. To connectintheother direction, enter
Notothelsthiscorrect question. Thereisalso a2D Polylinewith Follow command in the Draw
menu.
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Prompts
Enter polylinelayer name<0>: PressEnter
Select existing polyline/End/Pick point: Pick apoint
Select existingpolyline/lUndo/End/Close/Pick point: S(For Select existingpolyline)
Select thepolylinetofollow: Pickapolyline
Pick entrance point on polyline: Pick a point on the polyline
Pick exit point on polyline: Pick a point on the polyline
Select existingpolyline/lUndo/End/Close/Pick point: E (ToEnd)

Pull-Down M enu L ocation: 3DPoly
Keyboard Command: follow3d
Prerequisite: None.

File Names: \Isp\follow & \Isp\poly3d.arx

SlopelLine

Function
Thiscommand draws3DPOLY linesby specifying asloperatio and adistanceor elevationto plot
to. Thiscommand can be useful in defining pads, excavations, drainage ditchesand slopesfrom
proposed design featuresto meet existing siteconditions. For example, if you havepl otted a3dpoly
defining aparkinglot with the endpointsrepresenting the proposed elevations. Now usethe Sope
Linecommandto definethes opesthat run off the proposed to meet theexi sting ground (Y ou could
alsousethiscommandtoplot theparkinglot). Slopelines(3D polylines) canbeusedinconjunction
with Triangular & Contour (asbarrier lines), Make 3D GRiD Fileand the Sectionsfrom Surface
Model commands to help define a surface model for contouring and/or volumetrics.

Prompts
Sloperatio+for uphill -for downhill, Start point should be3D.
SlopeRatio(?:1) <2.0>: 2
Start Point: (pick point)
Direction Point: (pick point)
Enter HzDistance, [P]lot toDirection Point, or to[E]levation<P>: E
Atthisprompt you can enter adistance. Enter Pto havethe slopelineplotted to thedirection point
you selected or asin this example, enter E and be prompted for the elevation to end the line at.
Elevationtoplotto: 100
Horizontal Dist: 50.00
Start Point Elevation: 0.0
End Point Elevation: 100.0
Differencein elevation: 100.0
The command then plotsthe specified 3DPoly line.

DTM & Contour Module - 3DPoly Commands Page 5-5



2D to 3D Polyline by Surface M odd

Function

Thiscommand convertsa2D polylineintoa3D polylineby cal culating 3D polylineverticesat all
theintersects of the 2D polyline with surface entities (contour polylines, triangul ation lines) and
by interpolating elevations from these intersections at the original vertices locations. An
application for this command is to create barrier lines. For example, a ridge barrier line could
be generated from contour lines by drawing a 2D polyline aong the ridge and across the
contours. Then this command could grab the contour line elevations along the polyline to make
aridge barrier line.

Inadditionto using entitiesinthe drawing, the 2D polyline can be converted to 3D using asurface
model storedinagrid(.grd) fileor triangulation (fIt) file. A gridfileiscreatedwiththeMakeGrid
Filecommand and atriangulation fileiscreated with the Triangulation Fileoptionin Triangul ate
& Contour.

Prompts
Sour ceof SurfaceM odél (File/<Screen>)? PressEnter
Select surfacelineand polylines.
Select objects: select the surface entities (contour polylines, barrier lines, triangulation lines,
etc)
Readingpoints... 1200
Select polylinestoconvert.
Select objects: pick one or more polylines

Pull-Down M enu L ocation: 3DPoly

K eyboard Command: 2dto3dp

Prerequisite: A polylineand surfacelinesor gridfileor triangulation file.
File Names: \Isp\2dto3dp.Isp & \Isp\makegrid.arx

2D to 3D Polyline by Points

Function

This command converts a 2D polyline into a 3D polyline by using the elevations of points. At
each vertex of the polylines, the program looksfor apoint with elevation at the samex,y location.
The points can be Carlson points or nodes (AutoCad POINT entities). Thisroutine can be useful
if thelinework iscreatedin 2D at zero el evation with commandslike Design Polyline, and points
with elevation are located along the linework. Then the linework can be converted into 3D
polylines with this command. For example, a centerline polyline with arcs may need to be
created in 2D for stationing because AutoCad does not alow arcs on 3D polylines. To usethis
polyline asabarrier linein surface modeling, this command can convert the polylineinto a 3D
polyline.
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Prompts
Select pointsand polylines.
Select objects: select polylines to convert and the points with elevation

Pull-Down M enu L ocation: 3DPoly
K eyboar d Command: 2dto3dpt
Prerequisite: A polylineand points
File Names: \Isp\poly3d.arx

15

3D Polyline by Slope on Surface

Function
Thiscommand createsa3D polylineat auser-specified slope. Theuser picksthestarting point and
thenthepolylinecontinuesalongthesurfaceat thes opeuntil it reachesapoint wherethemaximum
dopeat the point islessthan the design slope. The surfaceisdefined by agrid file (.GRD) which
must becreated beforecalling thisroutine. Applicationsfor thiscommandinclude designing haul
roads or ditches.

Prompts
Enter thepolylinelayer <SL OPE_ROAD>: PressEnter
SelecttheGrid Filedialog
Readingrow>51
Extrapolategridtofull grid size(Yes/<No>)? Y (For yes)
Pick origin point of 3D polyline: Pick a starting point
Direction of 3D Polyline(<Up>/Down)? PressEnter. Thesl opemust goeither uphill or downhill.
Direction of 3D Polylinefacingup slope(<L eft>/Right)?R (For right). Imaginefacing uphill. Do
you want the polyline to go to the | eft or right?
Enter thedesign slope: 10 (Thisvalueisin percent slope)

Pull-Down M enu L ocation: 3DPoly
Keyboard Command: surfpl

Prerequisite: None.

File Names: \Isp\siope rd.Isp & \Isp\cntr_grd.arx
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3D Polylines by Slope on Surface at 10, 15, and 20 percent slopes

Mesh from 3D Polyline

Function
Thiscommand plotsamesh defined by aseriesof polylines. Thismesh can be used to visualize
adesign feature such as aroad or site. The polylines used for selection could be generated by
commands like Sectionsto 3D Polylines.

Prompts
L ayer Namefor Mesh<M ESH>: ROADMESH
SurfaceResolution (surftabl) <40>: 20
Select polyline([Enter] to End): (select polyline)
Select polyline([Enter] to End): (select polyline)
Select polyline([Enter] toEnd): [ Enter]
Pressing [Enter] ends the command.

K eyboard Command: meshf3dp

Pull-Down M enu L ocation: 3DPoly
Prerequisite: Plot the 3DPoly linesto use for selection.
File Name: \Isp\meshf3dp.Isp
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Break 3D Polyline by Surface

Function

Thiscommand breaks 3D polylinesagainst asurface. The surfaceisdefined by a3D grid surface
model which can be selected from a.grd file or the user can select 3D entities on the screen from
which program internally calculatesa 3D grid. Thisroutineisonestepin 3D polylinedesign. In
this example, avalley fill is designed using 3D polylines as follows:

1. Draw 3D Polyline- draw a3D polylineat elevation 1450 acrossvalley

2. Offset 3D Polyline - offset the 3D polyline at 2:1 slope and 10:1 for benches and
top

3. Break 3D Polyline by Surface - trims the 3D polylines by the valley sides

4. Draw 3D Polyline - with OSNAP endpoint, draw 3D polyline perimeter around 3D
polylines ends

5.Make3D GridFile- create 3D gridfileof fill surface

6. Plot 3D Grid - draw the 3D grid using 3D polyline perimeter asinclusion polyline

7.Viewpoint 3D - createsthelast figure view

Prompts
Sour ceof surfacemodel (File/<Screen>)? PressEnter. TheFileoptionallowsyouto choosethe
.grdfilethat modelsthe site. Otherwise agrid will be calculated by picking the grid location and
selecting surface entities on screen (ie contour polylines). Using the File option can be quicker
because the surfaceisaready calculated. Also the .grd file can be drawn to preview the existing
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surface. UseMake 3D Grid Fileto createa.grdfile.

Pick Lower Left limit of surface area: pick a point

Pick Upper Right limit of surface area: pick a point

MakeGRiD SettingDialog Click OK. SeeFigure5-5.

Select polylinestoclip.

Select objects: pick the 3D polylines

Select surface entities.

Select objects: select objectsthat define the surface.

Erasepolylinebelow surface (<Y es>/N0)? PressEnter. If you answer yes, the segments of the
polylines below the surface will be erased from theintersection, if any, of the polyline with the
surface. Otherwise the polylineswill only be broken into separate polylines at the intersection.
Specify layer names (Yes/<No>)? Press Enter. If you answer yes, you will have the option
to place the broken polylines into different layers.

Pull-Down M enu L ocation: 3DPoly

Prerequisite: Plot the 3D Polylinesto use for selection and entities that define a surface.
Keyboard Command: surfbreak

File Name: \Isp\flatpond.Isp & \Isp\pond.arx

ey p—
4

3 —
[ —

Before and after of Break 3D Polyline by Surface
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Highlight Crossing Barriers

Function

Barriersarelines or polylinesthat are used in surface modeling to represent a break line such as
aridge, stream or curb. Barrier linesforce triangul ation between the two endpoints of the barrier
line which prevents any other triangulation line from crossing the barrier line. This forces
interpolationalongthebarrier line. Itisimportant toavoid crossingbarrier lineinthesurfacemodel
because the program cannot force triangul ation along both since hol ding onewill crossthe other.
Alsotheprogram cannot hol d theinterpol ation al ong both becausetheel evation at theintersection
point canbedifferent for thetwobarriers. For example, consider abarrier linegoingfrom101t0 105
and another going from 107 to 109. If theselineshad anintersection at themidpoint, theelevation
for onewould be 103 and the other 108. Thisisan error that needsto be fixed by the user because
those two barriers are holding different elevations at the same point.

This command checks for intersections between the selected barriers and then identifies any
crossing barriers by highlighting them. Y ou can then edit these crossing barriers before doing
surface modeling such asMake 3D Grid or Triangulate & Contour.

Prompts
Ignore zero elevations (<Yes>/No)? Press Enter
Select surface entitiesto check.
Select objects: select polylines and lines
Findingpointsonbarriers.
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2crossing barriersarehighlighted
or
Found no crossing barriers

Pull-Down Menu L ocation: 3DPoly
Keyboard Command: xbar
Prerequisite: Polylines.

File Names: \Isp\makegrid.arx

Report 3D Polyline Station/Elevation

Function
Thiscommand reportsstation or elevationinformation ona3Dpolyline. If the station information
isentered the program will return the elevation at the entered station. If the elevationsare entered
the program will determine and report the station at which the entered elevation occurred. If the
elevation entered occurs at more than one location along the 3Dpolyline, all occurrences of the
elevation are reported.

A prompt is provided allowing you to designate a starting station, or accept the default value of
<0.0>. All entry and valuesarerecorded and are displayed inthe Carl son Standard Report Viewer
upon completion.

Prompts
Select 3D polyline to report: pick a polyline
Starting Station <0.0>: Press Enter
Enter elevation or station (<Elevation>/Station)? S
Enter Station to calculate elevation: 100
Station: 1+00.000 Elevation: 1052.262
Enter Station to calculate elevation (Enter to end): Press Enter

Select 3D polyline to report: pick a polyline

Starting Station <0.0>: Press Enter

Enter elevation or station (<Elevation>/Station)? E

Enter Elevation to find stations: 1210

Station: 3+27.509 Elevation: 1210.000

Station: 3+56.246 Elevation: 1210.000

Station: 5+21.339 Elevation: 1210.000

Enter Elevation to find stations (Enter to end): Press Enter

Pulldown M enu L ocation: 3Dpoly
Keyboard Command: plreport3
Prerequisite: A 3D Polyline

File Names: \Isp\poly3d.arx
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Tag Hard Barrier Polylines

Function
Thiscommand tags polylineswith adescription so that Triangulate & Contour canidentify these
polylinesashard barrier lines. Thetag isinvisibleand doesn't changethe polyline. Triangulate &
Contour will not smooththecontoursasthey crossesthesehardbarrier lines. For exampleyou could
tag 3D polylines that represent a wall so that the contours go straight across the wall without
smoothing curves.

Prompts
Select hard barrier lines.
Select objects: select polylines

Pull-Down Menu L ocation: 3DPoly

K eyboard Command: hardork

Prerequisite: Polylines,

File Names: \Isp\hardbrk.Isp

Untag Hard Barrier Polylines

Function
This command removes description tags from polylines. These tags are used by Triangulate &
Contour to identify polylinesashard barrier lines. Contours are not smoothed asthey crossthese
hard barrier lines. This routine untags polylines so that contours are smoothed across them.

Prompts
Select polylinestoremovehardbarrier tagfrom.
Select objects: select polylines

Pull-Down M enu L ocation: 3DPoly

K eyboard Command: softbrk
Prerequisite: Polylineswithhard barrier tag.
File Names: \Isp\softbrk.Isp
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DTM Commands
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Function
This command divides the distance between two points and inserts one of the point symbols at
the specified distances. It can also interpolate elevations (To interpolate elevations the points
picked must be at their real z axis elevation).

Prompts
Inter polate Elevations <Y>: [Enter]
Selected points must be 3D points (must be at an acad elevation)
Point w/elevation to calculate from?
Pick point or point number: 3
2nd Point w/elevation?
Pick point or point number: (pick point)
Number of Segments/Divisions: 5
The command then locates 4 points.
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Pull-Down Menu L ocation: DTM

Prerequisite: Execute Drawing Setup to set defaults. Locate two points to divide between and if you
want to interpolate elevation they should have areal Z axis elevation.

Keyboard Command: divlin

File Name: \Isp\divlin.Isp

| nter polate Entity

Function
This command divides the distance of a LINE, ARC or PolyLINE and locates points at the
computed distances. It also interpolates elevations (To interpolate elevations the points picked
must have an AutoCad or real Z/elevation). The figure below shows a graphical example.

Prompts
Inter polate Elevations <Y>: [Enter]
Point w/elevation to calculate from?
Pick point or point number: 1
2nd Point w/elevation?
Pick point or point number: 2
These points don’t have to be on the entity selected to divide.
Select Entity to Divide: (pick point on entity)

\ \ Entity Selection Point .
10
From Selection Point ‘ 124.32

After selecting the points
above new points are located along
the selected entity.

112.30

DTM & Contour Module - DTM Commands Page 5-15



Number of Segments/Divisions: 4
The command then locates 3 points along the selected entity.

Keyboard Command: divent

Pull-Down Menu L ocation: DTM

Prerequisite: Two elevation points and the entity to divide between.
File Name: \Isp\divent.Isp

Tag Predefined Boundaries

Function

This command allows you to identify closed polylines to be used as inclusion or exclusion
boundaries. These boundariesare appliedin DTM commands such as Two Surface V olumesand
Triangulate & Contour. Inclusion polylineslimit processing to inside the polyline. For example
an inclusion polyline for volumes would be the limit of disturbed area. Exclusion polylines
prevent processing inside the polyline. For example a building perimeter could be an exclusion
polylinefor contouring. Tag Predefined Boundaries assignsasite nameto polylinesand whether
the polyline is for inclusion or exclusion.

Many DTM commands will prompt for inclusion and exclusion polylines. The advantage to
Predefined Boundariesisthat you don't have to select the boundary polylines each timethat you
runtheDTM command. Instead the programwill recognizethat theboundary isalready specified
and will prompt Use predefined boundary Area 1 (<Yes>/No)? This lets you just press enter
to useyour predefined boundary. If youwant to pick the boundaries, you cantype N for No. When
you have more than one set of boundaries, the program lets you choose from a list of the
boundary names (as shown in dialog).

Prompts
Boundary name <Site 1>: Area 1
Select Inclusion perimeter polylines.
Select objects: pick the closed polylines or press Enter for none
Select Exclusion perimeter polylines.
Select objects: pick the closed polylines or press Enter for none

K eyboard Command: plzone

Pull-Down Menu L ocation: DTM [ Choose Predefined Boundary ||

Prereq uisite: Closed polyline Boundary name
File Name: \Isp\plzone.lsp L]
1 0K 11 Hone |
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Untag Predefined Boundaries

Function
This command removes the predefined boundary names from the selected polylines. These
polylines will no longer be automatically recognized as boundary polylines.

Prompts
Select polylines to remove boundary tag from.
Select objects: pick the boundary polylines

K eyboar d Command: nozone
Pull-Down Menu L ocation: DTM
Prerequisite: predefined boundary polylines
File Name: \Isp\dtm1.Isp

Make 3D Grid File

Function
Thiscommand creates a.GRD file which serves as a surface model and isa prerequisite to most
of the other DTM routines. The program internally makesatriangular network of the data points
and then interpol ates the elevation values of arectangular grid at the specified grid resolution.
Data points can be either points, inserts, lines, or polylines. Lines and polylines are treated as
barrier lines in the triangulation.

Thegrid location is specified by first picking alower left corner and then an upper right corner.
The screen cannot be twisted when this is done because grids always run north-south and east-
west. Then a dialog box sets the range of elevations to process, modeling method and grid
resolution. Entities with elevations outside the range to process are ignored. The modeling
method almost always should be triangulation. Polynomial, inverse distance, kriging and linear
least squares apply to random data points for surfaces like underground features. The grid
resolution is specified by either the number of grid cells or by the size for each grid cell. While
the program can handle really huge grids, a general rule of thumb isto keep the total number of
grids cells under 250,000 (500 by 500). The grid location and resolution can also be specified
by using the settingsfrom an existing grid file. In this case, thelocation and resolution of the new
grid will match those of the selected grid file which is useful for routines such as Elevation
Difference and Two Surface Volumes that require two grid files with identical locations and
resolutions.
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Drawn grid file with original surface points

Therearefourtriangul ationmodes: AutoDetect, Triangulation Only, Intersectionwith Triangul ation
and I ntersection Only. The Triangulation Only method buildsatriangul ation surface out of all the
selected points, linesand polylines. All linesand polylines aretreated as barrier lines. Grid node
elevations are calculated based on the triangulation.

Thelntersectionwith Triangulationwill triangulate all the sel ected pointsand the only end points
of the lines and polylines. Then a" Steepest Intersection” method is used to assign the grid node
elevationsfrom the linework of the triangulation lines and the selected lines and polylines. This
"Steepest Intersection” method is described in the Grid from Contour Maps section.

The Auto Detect method automatically chooses between the Triangul ation Only and | ntersection
with Triangulation methods. If the sel ected surface entities are primarily made of polylines, then
the Intersection with Triangulation method is used. Otherwise the Triangulation Only method is
used.

The Intersection Only method goes directly to the "Steepest Intersection” method using the
selected lines and polylines. The triangulation step is skipped and any selected point datais not
used. This method can be used for making grids out of polylines such as a contour map aslong
as the surface is defined just by contour polylines without needing spot elevation points.
Skipping the triangulation step makes this method a lot faster especially for large files.
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No elevations are calculated on grid cells that extend beyond the extent of the data. The figure
shows an example of how the grid iscal culated to the limits of the data points. Extrapolation can
be used to calculate elevations for the grid cells that are beyond the data limits. When there are
grid cellswith no elevationin a.grd file, many routineswill prompt Extrapolate gridto full grid
size? Extrapolation fillsin all the grid cells. The method to extrapolate uses a safe calculation
that tends average out or level the extrapolated values. So extrapolated grid areas are not as
accurate as grid areas within the limits of the data. The Grid File Utilities command can be used
to apply and save extrapolation to agrid file. The Plot 3D Grid command can then draw the grid
file so that you can see the extrapolation.

The .GRD file has the following format:

Line 1 isthe lower left Y coordinate

Line 2 is the lower left X coordinate

Line 3isthe upper right Y coordinate

Line 4 is the upper right X coordinate

Line 5 isthe X direction grid resolution

Line 6 isthe Y direction grid resolution

Therest of the lines are the Z values of the grid intersects starting from the lower |eft
moving in the left to right direction and ending at the upper right. If the intersect has no value,
the letter 'N' is saved instead of the Z value.
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Grids from Contour Maps
A grid file can be created from contours represented as polylines with elevation. The program
calculates the elevation of each grid corner by looking for contour intersections in eight
directions(N, S, E, W, NE, SE, SW, NW) and then interpol ating the elevation between the two
steepest intersections.

To accurately model the surface, it might be necessary to add entitiesin addition to the contour
polylines. For one, spot elevation points can be added for the high and low points. Otherwisethe
grid model will plateau at the last contour. Also 3D barrier polylines need to be added on long
narrow ridge and valley contours because in these areas the program will find the same contour
when it looks for intersectionsin the eight directions. When all eight intersections are the same
contour, the interpolated grid elevation equals

the contour elevation instead of rising up the CRTD CORNER

ridge or dipping in the valley. The 3D barrier ELEVATION 13484

polylines force interpolation along the ridge or 5 ) l
valley. Todraw thesepolylines, set the OSNAP S—s717

to Nearest and run 3D Polyline under Draw. 25
Then draw the polyline by picking the contour / &

polylines where the barrier polyline crosses
them. Another way to quickly create barrier
polylinesistofirst draw the barrier polylinesas
2D polylines. Then convert these polylinesinto ~

3D polylines with the Screen option in the 2D \
/

/
x-—— 1380
~—— 1400 ——MM |

to 3D Polyline by Surface Model command
under 3DPoly. STEEPEST INTERSECTION PAIR

\{%/

7

N

BARRIER 3D POLYLINES
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Prompts
GRID File to Create File Selection Dialog Enter a name for the grid file. The default
directory isthe Carlson data directory.
Use position from another file or pick grid position (File/<Pick>)? Press Enter Using
the position from another file will apply the lower left and upper right corners and the grid
resolution of the another grid file to the current one.
Pick the Lower Left grid corner: pick a point for the lower left limit of the grid.
Pick the Upper Right grid corner: pick a point
Make GRID File dialog box
Inthisdialog, you specify the grid resol ution and whether or not to include data pointswith zero
elevations. Y ou can specify the resolution by entering the number of grid cellsin the X and Y
directions. By the Dimensions option, you to set the X and Y size for each grid cell.
Select the points, lines, and polylines to grid from.
Select objects: pick the objects that will define the surface model

Pull-Down Menu L ocation: DTM

Prerequisite: Entities that define the surface

K eyboard Command: mkgrid

FileName: \Isp\dtmmkgrd.Isp, \Isp\makegrid.dcl, \lsp\makegrid.arx
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Extrapolated and drawn grid filein plan view
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Same Grid file plotted and viewed with Viewpoint 3D

Plot 3D Grid File

Function
This command draws the 3D grid mesh of the chosen .GRD file. Each grid cell can be drawn as
a 3D Face entity, Polymesh, Text or temporary lines. 3D Faces and Polymesh can be viewed
from different directions using the
Viewpoint 3D command in the

F LU Yerbical Exsggerston
Display menu. AutoCad'sHideand |

Shade commands can also be f:f;::mnmw ]
appliedto 3D Facesand Polymesh.

" Aheclute 1" sl wires 4 B
Also 3D Faces are used by other
routines like Slope Zone Analysis. Eresw MeEhog
10 Facas T Prand s Ondy T FakAxca Mash Tt

The Text option will label the grid .
elevation at the grid corner. The e lE

Viow
textis placed center justified over & CurenView FNE  CSE CSW MW
the grid corner. To reduce clutter,
thereisanoptionto skiprowsand T ColorbyElksmion |
columns. & Drerw Elda Feeas ™ Fatarse Face Omdar

) ) ™ Direw Comans Onky Sickes s Elarvation
ThePreview Only optiondrawsthe  r Eumspolsts Grid to Ful Soe
gridastemporary "ghost" lines. The % Ul b ez bon ! Exechisi on P matars
advantage with thismethod isthat ~ © subdkide Gid smund indusion Farmatks

it isamuch faster way to view the o | Cancad | Hak |

grid. However as soon asyou do a
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zoom, redraw, regenor plot, thisplot will disappear. If youwant tozoominor changeyour viewpoint
after creatingthepreview, you cantypeV Gfor View Grid at thecommand prompt to bring back the
preview.

The Vertical Exaggeration option multipliesthe grid elevations by thisvalue. The View option
can change the view to one of these 3D viewing directions.

The Reverse Face Order option changesthe direction of the pointsfor agrid cell from clockwise
to counterclockwise. The order appliesto shading the grid cell in 3D render viewers such asthe
3D Viewer Window command. Thegrid cell will only appear shaded when viewing the grid cell
from the clockwise side. Viewing from the other side will show awire frame. The default isto
show the shaded side from the top-down view. Thisoption allowsyou to draw the grid so that the
underside of the grid is shaded.

Color by Elevation will color the grid based on atable of user-defined elevation ranges and the
assigned colors. Thisis similar to the Elevation Zone Analysis command.

Draw Side Facesis an option to draw vertical faces around the perimeter of the grid. The side
faceswill bedrawn vertically from the grid perimeter to the Sides Base Elevation. Draw Corners
Only will draw the side lines only at the grid corners. Otherwise side lines are drawn down each
perimeter grid cell.

Use Inclusion/Exclusion Perimeters will bring up a prompt to select closed polylines for
inclusion and exclusion areas. Only grid cellsinside theinclusion polylineswill be drawn. Grid
cells inside the exclusion polylines will not be drawn. Subdivide Grid Around Inclusion
Perimeter will subdivide grid cellsthat are partially inside and outside the perimeter into smaller
resolution grid cells.

Pull-Down Menu L ocation: DTM

Prerequisite: a.GRD File

K eyboar d Command: plotgrid

File Names: \Isp\plotgrid.Isp & \Isp\cntr_grd.arx

Drawn grid file using inclusion perimeter and side faces option. Viewed with Viewpoint 3D.
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Edit 3D Grid

Function

This command edits the elevation of a grid node by graphically picking the grid corner and
entering anew elevation. The grid is a surface model that is represented by a rectangular mesh
of grid cells. Each grid cell has four corners with elevation. This command modifies the
elevation of one of these grid corners. After picking the grid node to edit, the program draws a
temporary X marker on the selected point and shows the current elevation for the point. Before
running thisroutine, agridfile(.grd) must be created with the Make 3D Grid Filecommand. Also
the grid must be drawn on the screen using the Plot 3D Grid File command. Besides updating the
elevation of the grid in the drawing, the grid file can also be updated. Whether to update the grid
file is specified at the first prompt in the program.

Prompts
Updatedrawing only (Yes/<No>)? Press Enter. Choose between modifying the grid drawing
or both the grid drawing and file.
Select Grid node to edit: pick a grid cell corner
Enter new Grid node elevation <305.519>: Press Enter
Select Grid node to edit: Press Enter to end

Pull-Down Menu L ocation: DTM
Prerequisite: a.GRD File and drawn grid 3D Faces
K eyboar d Command: editgrid

File Names: \Isp\poly3d.arx

Grid File Utilities

Function

Thiscommand has many functionsto modify grid files. The modifications can be done manually
and in a batch mode using the grid macros. To modify manually, start by picking the Load Grid
button. The Auto Extrapolate on L oad option will extrapolate valuesfor any null valuesinthe
grid asthe grid isloaded. Thereisanother option to use inclusion and exclusion polylines. With
this option active, the program will prompt for inclusion and exclusion polylines when a grid
actionisstarted. Only grid cellsinside theinclusion polylineswill be modified. Grid cellsinside
the exclusion polylines will not be modified. If no inclusion and exclusion polylines are
selected, then the entire grid will be modified.

List Grid displaysalist of the northing, eastings and el evation of each grid corner. A grid corner
will have no elevation, listed as None, if the grid corner was outside the limits of the data during
Make 3D Grid File.
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Spreadsheet displays the grid elevations in a row and column spreadsheet that is in the same
layout as the grid file. Grid elevations can be edited in this spreadsheet.

Smooth Grid applies a quadratic smoothing algorithm to the grid by using neighboring nodes
to adjust each grid node. This routine can be used to refine a grid so that the contours from the
Contour from Grid routine appear smoother. Typically thisadjustment isrelatively small. To get
more smoothing, run the routine more times.

Change Position lets you change the lower left and upper right corners of the grid file. For
example, you can usethisroutineto localize agrid fileif you have alarge grid for the entire site
but are currently working on asmaller area. If the new position covers area outside the original
position, any grid cellsin thisareawill be assigned anull value. Otherwise the program usesthe
original grid values for the new grid position.

Change Resolution changes the grid resolution (number of grid cells). The program uses the
original grid values for calculating the grid values at the new resolution.
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Match Dimensions setsthe grid position and resolution to match another grid file. The program
will prompt for a grid file to get the position from.

Export to DTM writes the current grid file to aDTM format text file. The format of this file
is the following:

DTM 1.0 Header Line

test.dtm Name of file

51 Number of cellsin X direction

51 Number of cellsin Y direction
79442.4697 Lower left grid corner Y coordinate
14899.0326 Lower left grid corner X coordinate
0.0 Lower left grid corner Z coordinate
11.5618 Dimension of cell in X direction
7.0639 Dimension of cell in'Y direction
1581.2612 Grid cell values starting from lower left, moving from left to right
1580.8879

1580.3257

etc...

Export to Points stores the northing, easting and elevation of grid nodesto a CRD file. There
are optionsto skip rows and columnsfrom the grid. For example, you can enter skip=1to create
points for every other row and column.

Import from Points createsagrid filefrom X Y Z datain atext file. There does not need to be
acurrent grid file loaded since thisroutine will create agrid file. The text file should consist of
one X Y Z coordinate per row with the first coordinate being the lower left grid corner and the
last coordinate as the upper right grid corner. There are options for space or comma separated
coordinates and for the order of the coordinates as either row (left to right) or column (bottom
to top).

Extrapolate can be used to assign elevationsto al grid corners by any of four methods. Global
Trend finds the average slope and slope direction from the existing grid elevations and applies
this slope to calculating the missing elevations. Average method calculates a grid elevation as
the average of its nearest neighbors. Projected method extends the trend at the edge. Combined
method usesboth Average and Projected. The Set Valuebutton assignsthegrid elevationsto the
user-specified value.

Merge Gridscreatesagrid file by merging together two existing grid files, grid1 and grid2. The
current grid isgrid1 and the program will prompt for asecond grid. Thesetwo grids must overlap
with the same location and resolution. The inclusion and exclusion perimeters apply to grid2
such that the merged grid will consist of grid2 cellswithin the inclusion perimeters and outside
the exclusion perimeters and gridl cellseverywhere else. Theresult isstored in the current grid.

Set Valueassignsthegrid el evationsto the user-specified value. For exampleby using Set Value
with the inclusion perimeter option, you could set the grid values to 0.0 within the inclusion
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polylinefor astratathickness grid. Y ou can also use Set Vaueto assign grid cellsto NULL (no
value).

Add Value, Subtract Value, Multiply Value and Divide VValue perform their function on each
grid cell using a user-specified value. For example, add 5 to the grid.

Add Grid, Subtract Grid, Multiply Grid and Divide Grid apply their function using another
gridfile. Thissecond grid file must have the samelocation and resolution. For example, you can
use Add Grid to add a strata thickness grid to a strata bottom elevation grid in order to create a
top elevation grid.

Min Grids compares the each grid elevation of the current grid file with a second grid file and
takes the minimum value. Likewise Max Grids compares two grids and takes the maximum
value.

Min Value compares the each grid elevation of the current grid file with a user-specified value
and takesthe minimum value. Likewise M ax Value comparesthe grid with avalue and takesthe
maximumyvalue.

Less Value asks for a value to compare and a value to assign and uses the following logic:

if grid < compare_value then grid =assign_value, otherwise no change
Greater Valueisthe same as Less Value except the<isreplaced witha>. Lessand Greater
Grids use the same logic using grids to compare and assign instead of single values.

The Macro Command Recorder allows you to - - -
. . : _ Grid ¥ariable Opt X
store the grid manipulation steps to a .GFU file. e — |

The macro can be recalled to rerun the steps. The Grid Y ariable Mame:

Record button will prompt for a macro file name

to create. Then start choosing grid action buttons

and each grid file function will be stored to this * Use Grid Variable

file_. Each grid filein the script is reprwente_d asa  Prampt for Grid File Name
variablenamesuch asA or B. Thecurrent gridfile

that is being modified is specified in the Current " Stare the Grid File Name
Variable edit box. When recording a step that

involves another grid file, there are three options gk LCancel

for storing this grid into the script. Use Grid
Variable will use the grid assigned to the Grid
Variable Name. Prompt for Grid File Name will bring up a grid file selection dialog each time
the macro is run. Store the Grid File Name will save the specific grid file name into the macro.

Pull-Down Menu L ocation: DTM

Prerequisite: Make a.GRD file with the Make 3D GRiD File command.
Keyboard Command: GFU

File Name: \Isp\makegrid.arx
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OneSurfaceVolumes

Function

One Surface Volumes calculates the cut and fill volumes between the surface modelled by one
.GRD file and a constant elevation. This is the same as Two Surface VVolumes except that the
second surfaceisaflat planeat aconstant el evationinstead of a3D grid surface. If thegrid contains
grid cellsthat have no elevations, you havethe option to extrapol ate el evationsfromthegrid cells
with elevations. When you choose not to extrapolate, no volumeis calculated for thesegrid cells.
Thereareal sooptionsto specify inclusionandexclusionareas. Wheninclusionareasarespecified,
only thevolumewithinthisinclusionareaiscal culated. VVolumeswithin an exclusion areaare not
includedinthecal culations. Inclusion and exclusion areasarerepresented by closed polylinesand
must be drawn prior to calling One Surface VVolumes.

Prompts
Specify GRID File File Selection Dialog
Choose a .GRD file to process.
Extrapolate grid to full grid size (Yes/<No>)? Press Enter. If you enter Y es to this prompt,
surface elevations will be computed for any grid cells that have null elevations.
Enter the base elevation: 570
This defines the second surface.
Select the Inclusion perimeter polylines or ENTER for none:
Select objects: Press Enter
Select the Exclusion perimeter polylines or ENTER for none:
Select objects: PressEnter
Preprocessing grid cells...
Processing cell 2500
Volume Report Options Dialog

Pull-Down Menu L ocation:

DTM
S . Volume report
Prerequisite: A .GRD file Comparing GRID file: D:/SC12/DATA/FINAL.GRD
KeyboardCommand: volcacl || ower left grid corner : 15965.00,12657.00
File Name: \Isp\olcalclsp & | Upper right grid corner: 16275.00,12917.00
\Isp\volcalc.arx X grid resolution: 31, Y grid resolution: 26
X grid cell size: 10.00, Y grid cell size: 10.00
Total inclusion area: 56357.81 sq ft, 1.29380 acres
Cut to Fill ratio: 0.95
Cut (C.Y) / Area (acres): 9781.46
Fill (C.Y) / Area (acres): 10303.79
Cut volume is 341691.014 cubic ft, 12655.22274 cubic

yards
Fill volume is 359937.370 cubic ft, 13331.01369 cubic
yards Sample One Surface Volumes
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Two SurfaceVolumes

Function
Two Surface Volumes calculates the cut and fill volumes between two surfaces modelled by
.GRD files. These two grid files must have the same location and resolution. To create the grid
files, use the Make 3D Grid File routine. When creating the second grid file, choose Use
position of another file and select the first grid file. Using the position of the first grid file sets
the location and resolution of second grid to match the first.

There are several other routinesthat cal culate volumes based on grid files. Grid based volumes
can be calculated by One Surface Volumes, Volumes by Layer, Stockpile Volumes, and Pond/
Pit Volumes. These routines have special prompting and cal culate the grid surfaces and volume
in one step.

Volumes by Two Surface Volumes has three steps:
1. Creating the first grid file with Make 3D Grid File
2. Creating the second grid file with Make 3D Grid File
3. Running Two Surface Volumes

One advantageto Two Surface VVolumesisthat you have more control in the creation of thegrid
files. Also you can draw the grid fileswith the Plot 3D GRiD File routine so that you can view
exactly what is being compared. Another way to verify that the grid files model the surfaces
correctly istorunthe Contour From Grid routine and review the contours. Two Surface V olumes
also has more output options to check volumes.

Besidesgrid based volumes, volumes can al so be cal culated between triangul ation surfacesusing
the Volumesby Triangulation command. Cross section end areaisanother volume method that is
used by the Cal cul ate Sections V olume command in the Section-Profile modul e.

There are also options to specify inclusion and exclusion areas. When inclusion areas are
specified, only the volume within this inclusion area is calculated. Important: whenever
possible you should use a polyline that represents the limits of disturbed area as the inclusion
perimeter. Volumeswithin an exclusion area are not included in the calculations. Inclusion and
exclusion areas are represented by closed polylines and must be drawn prior to calling this
routine.

If the grid contains grid cells that have no elevations, you have the option to extrapolate
elevations from the grid cells with elevations. When you choose not to extrapolate, no volume
is calculated for the grid cells left without elevations. In general, extrapolation is not very
accurate and should be avoided whenever possible. Sometimesyou may get small amountsof cut
in stockpilesthat should only befill, or small amountsof fill in pitsthat should only becut. These
extraneous quantities are due to extrapolation at the border and should be small enough to be
ignored. When inclusion or exclusion polylines are used, the program will automatically
extrapolate the grids.
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In addition to writing a volume report to the
file, printer or screen, there are several
volume report options. Write Difference
Grid File will create a .GRD file of the
elevation difference of the two grid files.
Draw Difference Contours will create a
contour map of the difference or depth
between the two grid files. Draw Elevation
Difference in Each Cell will plot the
elevationdifferenceat thegrid cornerswhich
is the same as the Elevation Difference
routine. Draw Volume in Each Cell will
plot the cal culated volume for each grid cell
and is an excellent way to verify the volume
calculation. If a cell contains both cut and
fill, both values will be plotted. Calculate
Elevation Zone Volumes calcul ates the cut
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and fill between different elevation ranges. The Draw Cut/Fill Color Map routine will solid
fill color each grid cell with different shades based on the average cut or fill in the cell. Red
shadesareusedfor cut and bluefor fill. Thereisan optionto draw acolor legend. The UseReport
Formatter allows you to customize the report by choosing the fields to report and their order.
Also the report formatter can be used to output the report datato Excel or Access. The Process
Another Areawith Current Gridsoptionwill run Two Surface Volumes again using the same
grid files but different inclusion/exclusion polylines. This option savesthe step of reloading the
grid files to calculate volumes from the same grids for multiple areas. The Cut Swell Factor
is multiplied by the cut volume in the report. Likewise the Fill Swell Factor is multiplied by
thefill volume. TheReport Tonsoption allowsyouto enter thematerial density and the program
will report the cut and fill tons in addition to volume.

38

7

Final surface contours with a closed polyline

LIMITS OF DISTURBED AREA
USE AS INCLUSION PERIMETER
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Volume Report

Comparing GRIiD: C:/SC14/DATA/SIMO.GRD
and GRID: C:/SC14/DATA/BASE.GRD

Lower left grid corner : 186551.67,57624.98

Upper right grid corner: 186828.81,57897.09

X grid resolution: 75, Y grid resolution: 75

X grid cell size: 3.70, Y grid cell size: 3.63

Total inclusion area: 37016.71 sq ft, 0.850 acres

Cut to Fill ratio: 1.14

Cut (C.Y) / Area (acres): 3642.35

Fill (C.Y) / Area (acres): 3182.70

Cut vol: 83570.89 cubic ft, 3095.22 cubic yards

Fill vol: 73024.56 cubic ft, 2704.61 cubic yards

CUT CONTOURS

ContoursfromtheDraw Depth/Difference

Sample Two Surface Volumes report

Contours option. Thisis a good way to
check that both surfaces are modeled

Giventwogood.grdfiles, thisroutinewill calculate

accuratevolumes. Sotoverify
thevolumecalculation, itisa
good idea to check the .grd
files either by drawing them
with Plot 3D Grid File and
viewingthemwith Viewpoint
3D or by contouringthegrids
with the Contour Grid File
command.

Prompts

Select the Inclusion
perimeter polylines or
ENTER for none:

Select objects: Pick a
closed polylinefor thelimits
of disturbed area

Select objects: Press Enter
Select the Exclusion
perimeter polylines or

Report from the Calculate Elevation
Zone Volumes option which
calculates the cut and fill in different
elevation ranges at a user-specified
interval and beginning at a user-
specified starting elevation.

correctly andtoverify thevolumes. Thecut
contoursarered, fill contoursareblue, and

Volumes by
elevation zone

Zone 20.00 to 30.00
Cut volume : 0.30 cubic ft, 0.01 cubic yards
Fill volume: 107.90 cubic ft, 4.00 cubic yards

Zone 30.00 to 40.00

Cut volume : 4.88 cubic ft, 0.18 cubic yards

Fill volume: 73021.14 cubic ft, 2704.49 cubic yards
Running total:

Cut volume : 5.18 cubic ft, 0.19 cubic yards

Fill volume: 73129.05 cubic ft, 2708.48 cubic yards

Zone 40.00 to 50.00

Cut volume : 65044.26 cubic ft, 2409.05 cubic yards
Fill volume: 0.25 cubic ft, 0.01 cubic yards
Running total:

Cut volume : 65049.44 cubic ft, 2409.24 cubic yards
Fill volume: 73129.29 cubic ft, 2708.49 cubic yards

Zone 50.00 to 60.00

Cut volume : 17786.85 cubic ft, 658.77 cubic yards
Fill volume: 0.00 cubic ft, 0.00 cubic yards
Running total:

Cut volume : 82836.29 cubic ft, 3068.01 cubic yards
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ENTERfor none
Select objects: Press Enter
Specify Base Grid File Selection Dialog
Choose a .GRD file to process.
Extrapolate grid to full grid size (Yes/<No>)? Press Enter. If you enter Y es to this prompt,
surface elevations will be computed for any grid cells that have null elevations.
Specify Final Grid File Selection Dialog
Choose a .GRD file to process.
Extrapolate grid to full grid size (Yes/<No>)? Press Enter.
Volume Report Options
Pull-Down Menu L ocation: DTM
Prerequisite: Two grid files
Keyboard Command: volcalc2
File Name: \Isp\olcalc.lsp & \Isp\volcalc.arx

-7.5
-83.8 -22.1 -63.2 -31.8 +0.4 +15.1 +37.2 +59.4
-0.1
-81.2 -78.8 -61.2 -33.8 -11.6 +106 +32.7 +54.9
-0.6
-77.2 -73.9 -60.4 -38.3 -16.1 +6.7 +28.2 +50.4
-2.1
-71.7 -65.6 -53.3 -36.9 -18.7 +3.6 +23.7 +45.9
-1.1
-64.1 -53.8 -40.3 -26.7 -12.7 +4.7 +21.8 +41.6
-2.1
-53.2 -40.3 -26.9 -13.3 2.5 +14.3 +28.5 +44.4
Thisshows agrid drawn by Plot 3D Grid File and volume values drawn by the Draw VVolumein
Each Cell option of the Two Surface Volumes routine. Cut appears as negative and fill as positive.
Notice that cells bordering cut and fill regions contain alittle of both.
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VolumesBYy L ayer

Function

Yolumes by Layer

Volumes By Layer is the easiest yet
still equally accurate method for cal-
culating volumes. For this command,
volumes are calculated in one step by
asimplewindow of thearea, selecting
theitems, and calculate.

Layers of EXISTIMNG surface entities |PEHIMETEH |

Select Layers from Screen |

Layers of FINAL surface entities |F'EF|IMETEFLF'NTS |

Select Layers from Screen |

Cut Swell Factar [1.000 |

. . . Fill Shrink. Factor 1.000
First you must specify the grid loca= | | |
ak I Cancel | Help |

tion and resolution. The grid location
should enclose the area for volume
calculations. Next the program asks for the layer names of the entities for the base and final
surfaces. These entities, for use in modelling the surfaces, can be points, lines (such as
triangulation lines), 2D polylines (such as contours), and 3D polylines (such as barrier lines).
Inclusion and exclusion perimeters may optionally be specified to limit the volume calculation
areaonthegrid. Aninclusion perimeter should be used if thereis aclosed polyline for the limit
of the disturbed area. Then the program internally generates grids of the surfaces from the
entities on the corresponding layers and then calculates and reports the volume. The main
disadvantage to this routine is that it doesn't have the specia output options of Two Surface
Volumes such as Depth Contours.

Prompts

Pick Lower Left limit of surface area: Pick a point

Pick Upper Right limit of surface area: Pick a point to window the entire area

Make Grid File Dialog Choose a grid resolution.

Volumes by Layer Dialog Specify layer names. Click Select Layers to get layers of picked
entities on screen.

Select surface entities on corresponding layers.

Select objects: select all the objects on both the EXISTING and FINAL layer sets for the site.
In this example, select all entities on the perimeter, ctr, and pnt layers.

Select the Inclusion perimeter polylines or ENTER for none:

Select objects: Press Enter

Select the Exclusion perimeter polylines or ENTER for none:

Select objects: Press Enter

Processing cell 2500

Write report to file (Yes/<sNo>)? Press Enter

Write report to printer (Yes/<No>)? Press Enter

Volume Report See Figure 5-10

Pull-Down Menu L ocation: DTM

Prerequisite: Entities that define both the base and final surfaces.

Keyboard Command: layervol

FileName: \Isp\layervol.Isp & \Isp\makegrid.arx
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Volumes By Triangulation

Function

Volumes By Triangulation is an aternative volume method that compares two triangulation
networks. Thismethod isdifferent from the grid based volume routines (Volumes By Layer, One
Surface Volumes, Two Surface Volumes, Sockpile Volumes, etc.) and the cross section volume
routine (Calculate Section Volume). Volumes by Triangulation cal culates faster in most cases
than the other methods, and it isthe most accurate because it models every edge on the site. This
added accuracy in general is very small. The grid resolution is usually sufficient to model the
surface for the grid based volumes. The Volume By Triangulation accuracy applies well when
thereis afeature like a 5 foot wide ditch. Then the grid resolution would need to be lessthan 5
foot to model the ditch which might be difficult on alarge site.

The disadvantage to this routine is that it lacks the output options that help the analysis of the
volume such as Difference Contours. Also V olumes by Triangulation does no extrapolation and
stops calculating volume at the perimeter of the smaller of the two triangulation networks.
Volumes By Triangulation is better when used with point data instead of contour data because
contour datarequirestriangul ating all the contour polylinesasbarrier lineswhich createsalarge
triangulation network and is slower.

The triangulation networks to compare are defined in .flt files that are created by Triangulate
& Contour with the Write Triangulation File option. Before Volumes By Triangulation, run
Triangulate & Contour twice to create an .flt file for each surface.

The volume calculation is limited by either the extent of the triangulation networks or by an
inclusion perimeter which isaclosed polyline. Aninclusion polyline should be used when there
is limit of disturbed area perimeter.

Prompts
Select EXISTING surface Tmesh File
Choose a flt file
Select FINAL surface Tmesh File
Choose another flt file
Pick inclusion perimeter polyline (ENTER for none): pick a closed polyline perimeter
Calculating ...
Write report to file (Yes/<sNo>)? Press Enter
Write report to printer (Yes/<No>)? Press Enter
Comparing Triangulation files: C:\SC124\DATA\TRILFLT
and C:\SC124\DATA\TRI2.FLT
Cut volume: 66891.35 C.F., 2477.46 C.Y.
Fill volume: 43458.01 C.F., 1609.56 C.Y.
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Pull-Down Menu L ocation: DTM
Prerequisite: Two flt files.
Keyboard Command: trivol

File Name: \Isp\contour4.arx

Elevation ZoneAnalysis

Function
This command can be used to calculate the surface area of a surface in different elevation zone
ranges. The program requires 3D Face entitiesthat can be generated by the Plot 3D GRiD File
or 3D Sicecommands. The Draw Triangulation Facesoptionin Triangulate & Contour can also
be used to createtriangular 3D Faces. For each el evation zone, the 3D Faces can be hatched with
anAutoCad hatching pattern, solidfilledwiththe" SOLID" pattern, or left empty withthe"NONE"
pattern. The 3D Faces are also placed in alayer for each zone.

finl Tne Ranges | Lounsi
Elzusation Ranges Colar Patiern Soale Lejer  Pager 1
(540,80 | < 540.00 [cotor. .| ] [2our0 ) [se.00  [|zoner | M
550,00 |540.00 to 550.0 [Coloe | [souin [#)[se.80  |[zanez | [T
560,00 |550.00 to 560.0 [Coloe | ] [souie [#)[18.00  |[zanea |
(578,80 |560.80 to 570.8 [Colee | [ [soLin [#)[18.08  |[zanes |
58800 |570.00 to 580.0 [Coloe | [l [3oui0 [#l[18.06  |[zanes |
590,88 580,00 o 599.0 |Coloe...| 0 [SOLID  |8)(50.88  ||zoned |
LS K [cotoe | [soce [o)[secee  |[zaner |
[ ] [cotoe | [soe [o)[seee |[zanem |
[ ] [cotor.._ | ] [2our0 [w) (5008 |[zones |
[ ] [totor...]  [soLin [w)(se.e8  |[zoners |
[ ] [cotor_ | [ [2our0 [w)[se.e8  |[zonery |
[ ] [cotoe | 0 [smn [ef[seee  |[zanerz |
[ ] [cotor. .| 1 [ [#) (5008 |[zone1a |
[ ] [cotor | 10 6 [#)[se.e0  |[zanci4 | g
| DK 1 Cancel |
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There are also options to specify inclusion and exclusion areas. When inclusion areas are
specified, only the area within the inclusion polyline is calculated. Areas within an exclusion
polyline are not included in the calculations. Inclusion and exclusion areas are represented by
closed polylinesand must bedrawn prior to calling thisroutine. Without inclusion and exclusion
polylines, all the area of each selected 3D Face is used.

Prompts
Elevation Zone dialog Specify the elevation ranges, colors and patterns.
Plot average elevation text in each grid cell (Yes/<No>): Y
Select Rectangular 3D Faces to Analyze...
Select objects: C
First corner: (pick point) Other corner: (pick point) 1200 found
Select objects: [Enter]
Select the Inclusion perimeter polylines or ENTER for none:
Select objects: Pick a closed polyline for the limits of disturbed area
Select objects: Press Enter
Select the Exclusion perimeter polylines or ENTER for none:
Select objects: Press Enter
Surface  %of
Zone Range Area  Total
<= 100.00 2682241 27.25
> 100.00 27439.15 27.88
> 110.00 16727.98 17.00
> 120.00 12357.28 12.55
> 130.00 11700.36  11.89
> 140.00 338098 343
Total Surface Area>  98428.16
Average Elevation > 110.83
Minimum Slope% > 0.00 Maximum Slope%>  252.97
Minimum Elevation > 90.00 Maximum Elevation>  149.53
If you have the printer/device set to ON in the Configure SurvCADD the above report is sent to
it.
Select point for color legend: (pick point)
If apointispicked, alegend showingthecolor of eachrangeisdrawn. Thelegendisdrawnaligned
to the current view UCS. For thisreason it is best to have the mesh at the Vpoint at which it will
be plotted before executing the analysis program.

Pull-Down Menu L ocation: DTM

Prerequisite: 3D Face entities plotted usually created by the Make 3D GRiD File command.
K eyboard Command: elvzone

File Name: \Isp\elanal.|sp & \Isp\contour4.arx
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Result of Elevation Zone Analysis viewed in 3D with the Viewpoint 3D
command and shade command.

Elevation Difference

Function
Thisroutine calculates the elevation difference either between two grid files at each grid corner
or between pointsandagridor triangul ationfile. Gridfilemodel surfacesarecreatedwiththeMake
3D GRIiD File command and triangulation files are created with the Triangulate & Contour
command.

When comparing two grid files, the elevation difference is drawn as text, and the + or - signis
placed where the measurement is taken at the grid corner. The two grids must have the same
resolution and location. To get the grids to match, either pick the exact same lower and upper
grid points, or use the Use position from another file option of Make 3D GRiD Files when
making the second grid. Elevation Difference can be used to obtain a map of the elevation
differences between two surfaces. The elevation difference labels can be drawn in different
layersfor cut, fill and zero difference (daylight). The default isto have cut inred, fill in blue and
daylight in green. Y ou can al so specify thetext size, decimal places and the number of rowsand
columnsto skip. For example, on alarge dense grid, you may want to skip every other row and
column so that not too much text is drawn.

Elevation Difference also has an option to compare points stored in a coordinate file (.crd file)
withagridfileor triangul ationfile. Theroutinegeneratesareport of the point coordinates, surface
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elevation and elevation difference. The
report formatter is used to select the
fields to report. The report can also be
L output to Excel or Access. There are
2 also options to add the elevation differ-
ﬁgss\\ ence to the point descriptions in the
/A / e .CRD file. Another option draws text
Sy below the point for the elevation of the
: point, the elevation of the grid at the
T point, and then the elevation difference.
/ \ 960.2
Prompts
\ x For elevation difference between two
grids:

¥ 9581

Calculate difference at points or
9 o6 N between grids (Points/<Grid>)?
Press Enter
Select the Grid 1 File Name Dialog
——fsee Select the Grid 2 File Name Dialog
The default layering method is to put
o502 | CUtinredlayer CUT, fill in blue layer
Fsbas \ FILL, and zero elevation difference in
\ greenlayer DAY LIGHT.
Layer name for the Cut text
T~ ] <CUT>: Press Enter
= \ 02 | Layer name for the Fill text
<FILL>: Press Enter
\ Highlight zero elevation
oo differences (<Yes>/N0)? Press
Grid 2 Enter
Layer name for zero elevation
difference text <DAYLIGHT>:

\

A\
/
|

/

Press Enter

Size of text <0.73>: [Enter]

Number of rows to skip between text <0>: [Enter]
Number of columns to skip between text <0>: [Enter]

For elevation difference between points and grid:

Calculate difference at points or between grids (Points/<Grid>)? P for points
Select Coordinate File

Choose the .crd file of the point with elevations to compare with the grid surface.
Range of point numbersto use (A for All): 18-30
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Wildcard match of point description
<*>: PressEnter

Select Grid File

Choose the .grd file that models the
surface

Elevation Difference Options
dialog

™ ignom Zerc Elewstion Ponis

I CutfFilin P
= 18 + 2.0 S n P Descphon s

= Direce Lkl
0.2 + 0.4 + 0.6 Lenmr Flame ELEVDFF
Elevation Differences from grid 2 to grid 1 Test Sire
ok | ceoe | Hee |

Pull-Down Menu L ocation: DTM
Prerequisite: Two .grdfilesor a.grdfileand a
.crd file.

Keyboard Command: eevdiff

File Name: \Isp\cntr_grd.arx

21
101%.00
1012.18

Elevation difference at points showing
elevation of point, elevation of grid
surface, and elevation difference

Point# Northing Easting Point Z Surface Z Difference

23 5,043.336 5,041.267 582.100 582.091 -0.009

24 5,029.491 5,014.899 573.100 573.401 0.301

26 5,033.449 4,929.189 565.200 564.463 -0.737

27 5,076.303 4,914.027 559.200 558.824 -0.376
Report of Elevation Difference Between Points and Surface Model
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SlopeDirection Analysis

Function
This command categorizes the slope direction as either N, NE, E, SE, S, SW, W or NW. The
program requires 3D Face entitiesthat can be generated by the Plot 3D GRiD File command or
the Draw Triangulation Faces option of Triangulate & Contour. Each 3D Face is colored by
the slope direction zone and a report of the area for each zone is generated. A pinwheel color
legend can also be drawn.

There are options to specify inclusion and exclusion areas. When inclusion areas are specified,
only the slope area within the inclusion
polylineiscalculated. Slopeareawithinan
exclusion polyline are not included in the
calculations. Inclusion and exclusion areas
are represented by closed polylines and
must be drawn prior to calling this routine.
Without inclusion and exclusion polylines,
all the slope area of each selected 3D Face

SlopeDirection Report

Number of 3DFaces analyzed> 1180
Surface % of

Zone AreaSF. Acres Totd

N  1244327.38 2857 17.24

NE 674141.92 1548 934

is used. E  198462.34 456 275
Prompts SE 1307331.30 3001 1811
Select 3D Faces to Analyze ... S 1524694.82 35.00 21.13
Select objects: pick the 3D faces SW  381173.70 875 528
Select the Inclusion perimeter polylines W 548134.09 1258 7.59
or ENTER for none: . NW 133883326  30.74 1855
Select objects: Pick a closed polyline if | .
needed Total Surface Area> 7217098.81

Original Contours Surface Colored by Slope Direction
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Select theExclusion perimeter polylinesor ENTER for none:
Select objects: Pick a closed polyline if needed
Select point for color legend: pick a point

Pull-Down Menu L ocation: DTM
Prerequisite: 3D Face entities
Keyboard Command: dzone

File Name: \Isp\contour4.arx

Slope Zone Analysis

Function
This command cal culates the surface area of asite in different slope zone ranges. The program
requires 3D Face entitiesthat can be generated by the Plot 3D GRiD Filecommand or the Draw
Triangulation Faces option of Triangulate & Contour. For each slope zone, the 3D Faces can
be hatched with an AutoCad hatching pattern, solid filled withthe" SOLID" pattern, or left empty
withthe"NONE" pattern.

This command can also generate contours of the slope zones based on the calculated slope at
each point of the 3D Faces. The slopes can vary greatly between neighboring points. When
contoured directly, these slope data points produce incoherent contours. Instead this routine
applies afiltering algorithm that reduces the noise. There is another option to output agrid file
of the slope values.

There are also options to specify inclusion and exclusion areas. When inclusion areas are
specified, only the slope areawithin the inclusion polylineis calculated. Slope areawithin an
exclusion polyline are not included in the calculations. Inclusion and exclusion areas are
represented by closed polylines and must be drawn prior to calling this routine. Without
inclusion and exclusion polylines, al the slope area of each selected 3D Face is used.

Prompts
Slope Zone dialog Specify the slope zones, colors and patterns from lowest to highest.
Draw contours of slope zones (Yes/<No>)? Yes
Output a grid file of the slope (Yes/<No>)? No
Apply hatch patternsto grid cells (Yes/<No>)? No. This option fills the 3D faces with the
hatch pattern defined for the different zones. Without the hatch patterns the program will just
modify the 3D faces color.
Freeze grid layer after processing (Yes/<N0)? No. This freezes the layer of the 3D faces so
that the slope contours are easier to see.
Select Rectangular 3D Faces to Analyze...
Select objects: C
First corner: (pick point) Other corner: (pick point) 1200 found
Select objects: [Enter]
Select the Inclusion perimeter polylines or ENTER for none:
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Del ine Ranges ©Lous=t S0 Highe=t)

Slope Rangs Colar Patiern Soale Leayer  Pege: 1
< 3.88 [Cotoe___ | I |HOME (#5800 | |zonel | x
4.00  |3.00 to @800 | Colow... | |50010  |®|se.e0  ||monez | [T
15.00  |9.88 to 15.00 | Colos... | [ |50u1D (#]|50.08 | |zoned |
15.08 to 25.88 | Color. .| 0L 1D (#5800 ||zoned |
[ Jrzs.ee [Cotoe.__| 00 [soLtn [)[s6.00  |[zones |
[ ] [Cotoe_ ] EMTNCIEENET
[ 1] [Cotoe | i [mmaT  [@[50.00  |[zoner |
[ ] [Cotoe_ .| [mEx DIEERIE=
[ ] [cotoe_ | [Thims  [#][s0.00  |[zonen |
[ 1] [Cotor__ ] O IEEENIETTTE
[ ] [Cotor.__| [ [fmz3z  [#)[se.00  |[zonetn |
[ ] [cotoe___ | B [mRick  [@][s0.p0  |[zonerz |
[ ] [Cotoe_ ] CNCIEENIETTE
[ 1] [Cotor__ ] e [#)[s0.08  |[zonclt | [
| 0 ]| Gance! |

Select objects: Pick a closed polyline for the limits of disturbed area
Select objects: Press Enter
Select the Exclusion perimeter polylines or ENTER for none:
Select objects: Press Enter
Analyzing Entity> 1000 of 1000
Select point for color legend: (pick point)
If apoint ispicked alegend showingthecolor of eachrangeisdrawn. Thelegendisdrawnaligned
to the current view UCS. For thisreason it is best to have the mesh at the Vpoint at which it will
be plotted before executing the analysis program.
Contouring Options Dialog Thisdialog appearsif the Draw Slope Contours option is active.
Y ou may want to changethe Contour L ayer soit doesn't conflict with any existing contour layers.
The Hatch Slope Zones appliesthe hatch patternsto the slope zones between the slope contours.
Reading points 1000 ...
Processing points 1000 ...
Triangulating points 1000 ...
Inserted 4205 contour vertices.
Pull-Down Menu L ocation: DTM
Prerequisite: 3D Face entities plotted usually created by the Make 3D GRiD File command.
Keyboard Command: szone

File Name: \Isp\elanal.Isp &\Isp\contour4.arx
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Contouring Options

Contour Layer SLOPE_CTR

Minumum Contour Line Length |B.58

[ ] Draw Index Contours
[ ] Label Contours

[<] Smooth Contours Low [ [ [w] High

[<] Reduce Vertices Offset Distance |B.85880

[ ] Hatch Slope Zones

0K | Cancel
SlopeReport
Number of 3DFaces analyzed> 1334
Surface % of

Zone Range AreaSF. Acres Total

10.00 19902.43 046 16.37
10.00 38169.69 0.88 31.39
20.00 35833.72 0.82 2947
30.00 19622.12 045 16.14
40.00 8082.44 019 6.65

N
1

a b~ wWNPE
V V V V

Total Surface Area> 121610.41
Average Slope > 21.87
Minimum Slope% > 0.00 Maximum Slope% >

Slope Zone Analysis report
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Figure 1 /\ Figure 2

N
1T

i Figure 4
Figure 3
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Figure 6

Figure 5

Figure 1: Surface contours

Figure 2: 3D Faces from a grid surface model created by Make 3D Grid File and drawn by Plot 3D
Grid File.

Figure 3: 3D Faces created by Triangulate & Contour with the Draw Triangutation Faces option.
Figure 4: Slope zone contours created from the grid 3D Faces.

Figure 5: Slope zones that follow the surface contours using the triangulation 3D Faces.

Figure 6: Hatched slope zone contours created from the grid 3D Faces.

Slope Report

Function

This command cal cul ates the sloped surface area, average slope and average elevation on asite.
The surface can be defined by agrid (.GRD) file or generated from 3D entities on the screen.

For the screen method, the surface is modeled from the user-selected entities such as contour
polylines. Besides the surface entities, a perimeter polyline isused astheinclusion areafor the
dlope report. The perimeter polyline must be a closed polyline in the PERIMETER layer.

For the grid file option, there are options to specify inclusion and exclusion perimeters. When
inclusion perimeters are specified, only the area within the inclusion perimeters is calculated.
The areawithin exclusion perimetersisnot included in the cal culations. Inclusion and exclusion
perimeters are represented by closed polylines and must be drawn prior to calling this routine.

While Slope Zone Analysis al so reports slope area, this routine works from a.GRD file instead
of 3D Face entities, allows both inclusion and exclusion areas, and is faster.
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Prompts
Source of surface model (<File>/Screen)? Sfor Screen

For Screen method:

Ignore zero elevations (<Yes>/N0)? Press Enter
Select surface entities and perimeter.

Select objects: pick the objects

For File method:

Select the GRID file

Choose a .GRD file of the site.

Select the Inclusion perimeter polylinesor ENTER for none: Pick any inclusion polylines
Select the Exclusion perimeter polylines or ENTER for none: Pick any exclusion
polylines

Pull-Down Menu L ocation: DTM

Prerequisite: A .GRD file created by Make 3D Grid File
Keyboard Command: sarea

File Name: \Isp\sloparea.lsp & \Isp\volcalc.arx

AverageSlopeReport

Processing GRiID file: C:\SC14\DATA\FINAL.GRD
Lower left grid corner : 4942.02,4821.97

Upper right grid corner: 5212.70,5130.76

X grid resolution: 50, Y grid resolution: 50

X grid cell size: 541, Y grid cell size: 6.18
Horizontal Area: 55992.227 sq ft, 1.285 acres
Slope Area: 56315.725 sq ft, 1.293 acres

Average Elevation: 1056.252

Average Slope: 9.011

Slope Report
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3D Slice-Projection

Function
To use this command first plot the strata meshes that you would like to take a dlice of using the
Plot GRiD Filecommand. For best resultseach stratamesh should be plotted on adifferent layer
(set to a different color). Then from Plan view start this command and select the corners
(points) of the slicebox-line. The command then trimsthefaces outsidethe slice box and draws-
projects faces down from stratato strata. Shift the VPOINT to a3D view and use the SHADE or
HIDE commands to ‘ Solidify’ the strata model. Figure 5-15 shows the selection points.

Prompts
Select 1st corner of dlice box-line: (select point)
Select 2nd corner of dice box-line: (select point)
You can select any number of the rows and columns from the mesh. The command then

processes the selected 3DFaces.

Pull-Down Menu L ocation: DTM
Prerequisite: Plot aleast two .GRD files or 3D Rectangular Meshes.
Keyboard Command: 3dslice

File Name: \Ispimcslice.lsp & \Isp\contour4.arx

= pefection Point 2

L Sy I Y S S sy A N () s S S g Y g |

L .

Figure5-15

Selection Point 1
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Draw Grid Boundary

Function
This command creates a polyline around the outside perimeter of the areadefined by agridfile.
Thisfeature is useful to show the areathat a grid coverswithout having to run the Plot 3D Grid
command which draws al the grid cells and is much slower.

Prompts
Enter the polyline layer <GRID>: Press Enter
Select Grid File dialog
Reading cell> 10201
Done.

Pull-DownMenu L ocation: DTM
Prerequisite: A .GRD file
Keyboard Command: grdlimit
File Name: \Isp\cntr_grd.arx

Draw Gridslnter section

Function

Thiscommand comparestwo grid filesand creates polylines where the grid intersect each other.
For example, the two grids could represent existing and final surfaces and the intersection
polylineswould represent the daylight lines. Another example would beto have one grid for the
ground surface and the other grid for astratasurface. Then the gridsintersection would represent
the strata outcrop. The grids should have the same X,Y location and resolution. The intersection
polyline can be drawn in 3D at the elevation of the intersection or in 2D at O elevation. The
Smooth Polyline and Reduce Vertices options are described in the Triangulate & Contour
function.

Pull-Down M enu L ocation: DTM
Prerequisite: Two .GRD files

I NTEREECT
K eyboard Command: grdlimit Layrblome | |
File Name: \Isp\grdcross.Isp, \Isp\tri4.dcl & © e o TEEE
: R ' ~ Raducs vVarloes : ;
\Isp\makegrid.arx T et Cistance
T 20 Pokedins 30 Pokdines
| o ] — |
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Contour Commands

Shown below isthe Contour pull-downmenu. Thecommandsinthetop sectionallow youtocreate
contours. Themiddlesection commandsannotate, smooth, and highlightindex contours. Thefinal
section has commands for digitizing contours.

Triangulate & Contour isthe principleroutinein this pull-down. In addition to triangul ation and
contouring, this command also can optionally do the contouring embellishments of the middle
section all in one step.

Gl Site  Misc
Triangulate & Contour
Swap Triangular Mesh Edge
Draw Triangular Mesh
i Contour from Triangular Mesh
Contour from 30 Grid

Smooth Contours

Reduce Contour Vertices
Edit Contours

List Elevation

Contour Elevation Label
Local Elevation Label

Flip Comtour Labels-Text
Highlight Index Contours
Highlight Depreszion Contours
Change Contour-Plines Width
Trim Comtour-Plines by Pline
Color Comtours by Elevation

Aszign Contour Elevations 4 Mulkltiple in Series

Tablet Calibrate Single Elevation Group

Auto Tablet On
Digitize Contours (Pohdine)
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Triangulate & Contour

Function

Triangulate & Contour providesall the functionality related to contouring in oneroutine. Given
data pointsthat represent the surface, this command can create afinal contour map with labeled,
smoothed, and highlighted contours. The data points can be points, inserts, lines, polylines, and
pointsfrom ASCII or .CRD files. Inorder toforce Triangulate & Contour tointerpol ateelevations
between two pointsthat defineastraight lineinthe surface such aspointsonaridge, wall, or road,
abarrier linemust betweenthepoints. A barrier linecanbespecifiedasa3D polylineor line. Infact,
all linesand polylines aretreated as barrier lines.

Triangulate& Contour hasmany optionswhich arespecifiedinthedial ogbox showninthedial og
bel ow. Withthiscommand, you can do any combination of drawing thetriangul ation network lines,
drawing thecontours, drawingtriangul ation network 3D Faces, andwritingatriangulationfile. The
triangulation options are in the top section of the dialog while the contouring options are at the
bottom. All the Triangulate & Contour options can be set in Configure SurvCADD as defaults.
Configure SurvCADD al so hasan Auto-run Contour optionwhich skipsthedial ogswhen running
Triangulate & Contour.

If Triangulate & Contour reports zero points found and fails to do anything when you're using
Carlsonpoints, thenthosepointsareprob-

rsgelats & Cozbzur ably located at zero elevation. Tofix this
& D Confou Lapmr [CTR | proble_m, you can _either choose Specify
Dl Triorguioiny Lings | | Selection Set _Opt|0n5 and _then_ select
 Duwa Triarcadabion Facaz | | SJerADD Point Insertswhl_chwnl_ read
I it Tringudokan Fio - theelevat_|onfr0m the elevation attri b_ute
Nesimra Traszh i langh of the point. Or you can go to Drawi ng
Setup and select Locate on Real Z Axis
Ui e 1eoad and then call Locate Points to replot the
Tl [ Fiok Fesfessrsos Pl pOi nts.
T Cpaalp SdedenOpiore ™ Fnd Pantz orill samn
Egsollp Ebsrvstion P I U Irikasbon Eackskn favds Prompts
Ferkas Citins Triangulate& Contour OptionsDialog
b Condour by | bl ok Irdsvel 2000 Box
F Fraduca Yarkion: Hin Conkar Langth All theoptionsfor thiscommand arecon-
o Swaody Coluass OFsst Dl trolled by thisdialog.
e DrawContours
o ’ 1 When this box is marked, the
I Lt Comfuis: . == programwill draw contour linesafter trian-
[ | Drmesl rckem Btz - < ) gulating. Otherwise, only the triangula-
A = L1 tionisperformed.
Lt oon 2T B 5 noading Faoke = ContoEr Layer
[ Carcel | This setting is the name of the
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layer in which the contour polylines will be drawn.
DrawTriangulationLines

When thisbox is marked, the program will draw thetriangulation as 3D lines.
TriangulationLinesL ayer

Thissettingisthenameof thelayer inwhichthetriangul ation network lineswill bedrawn.
Draw Triangulation Faces

Whenthisbox ismarked, theprogramwill draw eachtriangleinthetriangul ation network
asa3D Face. These 3D Faces can then be used in AutoCAD's modelling routines such as HIDE
and SHADE. 3D Faces are also used by the Slope Zone Analysis routine.
Triangulation FacesL ayer

Thissettingisthenameof thelayer inwhichthetriangul ation network faceswill bedrawn.
WriteTriangulationFile

Thisoption storesthetriangul ation surface model asan .flt filewhichisatext file of the
edgesin thetriangulation network. Thistriangul ation file can be used by several commands such
asVolumesBYy Triangulation, Spot Elevations, and Profilefrom FL T File. The fltfileisinaSoftdesk
faultfileformat. To createaSoftdesk TIN fromthefault file, gotothe TIN menuand choose Fault
Data, From File. Give asurface name as usua and then choose the fault file from Carlson. Then
choose Create TIN. Check only the Fault Databox and click OK.
Highlight Barriers

Thisoption highlightsbarrier linesin thetriangulation network by drawing thetriangu-
lationlinesalong barriersinyellow.
MaxTriangulationLineL ength

Thisvaluelimitsthelength of thetriangulation network lines. Any triangul ation linethat
exceedsthislimitwill not bedrawn or includedin contouring. Thisallowsyoutoavoidabnormally
long triangulation lineswhereyou haverelatively too few datapointsand on the outskirts of your
data points. The Exterior value applies to triangulation lines around the perimeter of the
triangulation area and the I nterior value appliesall the other triangulation lines. Generally you
would havethe exterior value smaller than theinterior.
IgnoreZeroElevations

When activated, this setting will filter out all datapointsat an elevation of zero fromthe
data set.
Pick ReferencePlane

Thetriangulation network is based on the x,y position of the points. This option allows
you to contour an overhang or cliff by changing the reference planeto asideview. Thereference
plane can be specified by first using the Viewpoint 3D command and then using the View option,
or you can specify three data points on the cliff (two along the bottom and one at the top).
Specify Selection Set Options

Thistoggleallowsyouto control what typeof entities Triangul ate & Contour uses. After
you click OK onthisdial og, the next dialog will bethe Sel ection Set Optionsdialog box shownin
Figure5-18.
Find PointsonBarriers

Thisoptionwill attempt to locate intersection pointson long barrier lines. For example,
the intersection points of side slopes with atop of bank barrier line.
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Specify Elevation Range

Theprogramwill automatically contour fromthelowest elevationinthedataset uptothe
highest at theincrement specifiedin Contour Interval. If youwould liketo manually set therange
over which to contour, select this option.
Uselnclusion/Exclusion Areas

Whenthisbox isactivated, theprogramwill later prompt youfor inclusionand exclusion
polylineswhichareusedtotrimthecontours. Theinclusion and exclusion polylinesmust becl osed
polylinesand must be drawn before starting Triangulate & Contour. Only the parts of the contour
linesthat arewithin theinclusion polylineswill bedrawn. For example, aninclusion could bethe
perimeter of the site. The parts of contour lines that are inside the exclusion polylines are not
drawn. Exclusion polylines can be used for areas where you don't want contours such as within
buildings.
Contour byInterval

This option switches between contouring by interval (ie every 10 feet) or by value. The
by value option allows you to contour specific values. For example, if you want just the 100ft
contour, then do contour by value and enter 100. The default mode is by interval.
Contour Interval

This value determines the increment between contour lines. If Contour by interval is
turned off, this value will correspond to the contour value as described above.
ReduceVertices

This option attempts to remove extra vertices from the contour polylineswhich hasthe
advantages of afaster drawing and smaller drawing size. Default isON
Offset Distance

Thisvalueisthemaximumtolerancefor shiftingtheoriginal contour lineinordertoreduce
vertices. Thereduced contour polylinewill shift no morethan thisvalue, at any point, away from
theoriginal contour line. A lower valuewill decreasethe number of verticesremoved and keepthe
contour lineclosertotheoriginal . A higher valuewill removemoreverticesand allowsthecontour
lineto shift morefromtheoriginal.
Minimum Contour LineL ength

Contour lines whose total length isless than this value will not be drawn.
Smooth Contours

This option activates smoothing on the contour lines. Bezier smoothing holds al the
contour points cal culated from thetriangul ation and only smooths between the cal cul ated points.
The smoothing factor described below affects the smoothing bulge.
UsePolynomial Smoothing

Polynomial smoothing appliesafifth degree polynomial for smooth transition between
the triangulation faces.
Label Contours

Thisselectionleadsto the L abeling Optionsdial og box shownin Figure5-20 after OK is
selected on the current dialog box.
DrawIndexContours

Thisoptionallowsyouto highlight contoursat aspecifiedinterval . Thedial og box shown
inFigure5-19will beactivated.
HatchZones

This option will hatch the area between the contours sequentialy.
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Bezier Smoothing Factor

The contour preview window shows you an example of how much smoothing can be
expected at each setting.Sliding the bar to theleft resultsin al owersetting which havelesslooping
or lessfreedomto curvebetween contour linepoints. Likewise, movingthedlider totheright results
in a setting that increases the looping effect.

Choose Types to Triangulate Dialog
Thisdialog setswhat types of entities are to beincluded in triangulation (see Figure 5-18). This
dialog only appearsif the Specify Selection Optionsin the main dialog is checked.
Points, 3D Polylines, 2D Polylines, Lines, Inserts

These are the standard AutoCad entities that contain elevations.
Carlsoninserts

Thisoptionwill include Carlson point insertssuch astheinsert SRV PNO1 with the point
number, elevation, and description attributes.
Bottom ElevationInserts

Thisoptionwill read theelevationintext entitiesthat start with'X'. Thesetext entitiesare
created by the Bottom Elevation routine in the Mine modul e.
FromFile

Thisoption alowsyou to triangulate from the pointsina.CRD or ASCl| file.
Valueto Process

This alows you to
choose ihat valueto contour
from the coordinate file. The % Points
available keywords are Z for _
the coordinate elevation, 73D Polylfnes
DESC for the point descrip- /. 20 Paliines
tion and NOTE for the point | M Lines
note fields. The NOTE key- ¥ Sur¢Cadd Paint Inserts
word can be followed by a | [T 30 Faces
notelinenumber. Forexample, [ Inserts
to COﬂtOUI’_the third line from [T Spot/Battarn Elevation Inserts
the note field, use NOTES3. I Elevation Text
Equationscanalso beentered ; ,
in this field. For example, | hemEleLEHD 2ot Value to process
(Z+DESC)/20. — File Farrnat
&+ 0 - SurvCadd CooR Dinate File [Binany)

{1 - PHt Marth East Elevation Desc [5CI)
2 - Ptit Morth East "Elewvation” "Desc! (A5CI1)
™ 3 - Pt East Morth Elevation Dese [45CI)
{4 - Morth East Elevation Desc [&5CI]

= B -East Morth Elevation Desc [A5CI)

| OF. I LCancel Help |

Figure 5-18
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Figure 5-19 Index Contour Options |

and layer name for theindex contours.

Contour L abe Options

Thisdialog appearsif the Label Contoursoption
ison (seeFigure5-20).

Pick theclip edgepolyline: pickapolyline. Thismust beaclosed polyline. It servesasthetrim
edge when drawing the contour lines. This prompt only appears if the Use Inclusion Perimeter
option is set.

Selectthepointandbarrier linesto Triangulate.

Select object: select the objects

that represent the surface

Reading points 53 ... Contour Label Options |

Triangulating points 53 ...

Index Contour Options Index Interval |'||:I.I:IEI|:IEI |
This dialog (see Figure 5_-19)_ is activated if_ the Line ‘Width |1.III |
Draw Index Contours option is set. The settings

here specify the contour interval, line thickness, Index Layer [CTRINDEX |

Starting contour elevation | Labellaver [ETEXT |
<542.0000>: Press Enter. This Test Size |4_|:||:| |
valueistheelevationto begin con-

touring at. The default isthe low- | Min Length to Label [3.00 |

est elevation in the triangulation T Latiellhdey Eantatne i

network'_ This p_rompt appears if ¥ Break Contour Line at Label

the Specify Starting & Ending El-

evations option is on. I™ Draw Broken Segments Laer  |CTEXT_ER
Ending contour elevation [ Label Contour Ends

<597.2000>: Press Enter. This ™ Draw Box Arourd Test

value is the highest elevation to
contour. [+ Align Text ‘With Contour

Contouring elevation 597 — Internal Label Intervals
Inserted 1459 contour vertices.
Pull-Down Menu L ocation:

= Mo Internal Labels
{+ One Label Per Cortaur

Contour
Prerequisite: Data points of the ™ Two Labels Per Cantour
surface ™ Three Labels Per C
K eyboard Command: tri fee Labels Fer Lontour
FileName: \Isp\tri4.Isp, \Isp\tri4.dcl, " Four Labels Per Contour
\spitrid.ar " Labelz Per Distance
Wiztance [htemal 100.00 |
L, S Cancel |

Figure5-20
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560/

N/
3777

—

580
55

Label Contour Ends

Align Text With
Contour ON

Align Text With
Contour OFF

Draw Box
Around Text

Original data points with one 3D polyline Triangulation network without contouring
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11
543,70

¢ 543.60

Contours without triangulation network. The contours are smoothed,
reduced, drawn at an interval of 2, and highlighted at an interval of 10 with
labeling on the index contours.

Swap Triangular Mesh Edge

Function
Twoadjacent triangleswill haveonecommon edgepl ustwo separatepointsfor atotal of four points.
This command swaps this common edge in a triangulation network, drawn by Triangulate &
Contour, to create two different triangles from the two originals. In thisway you can modify the
triangulation network andthen call Contoursfrom Triangul ar M esh. Somecommon edgesmay not
be swapped because of the orientation of the two triangles.

Prompts

Pick atmesh edgetoswap or Enter toend: pickanedge
Pick atmesh edgetoswap or Enter toend: PressEnter

Pull-Down Menu L ocation: Contour

Prerequisite: A triangulation network drawn by Triangule & Contour
Keyboard Command: triswap

File Name: \Isp\contour4.arx
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—

Before and after of swapping middle triangulation edge

Draw Triangular Mesh

Function
This command draws 3D lines for atriangulation that is stored in atriangulation file (.flt). The
triangulation file can be created by Triangulate & Contour.

Prompts
Select TMESH FiletoDraw
Chooseatriangulationfile(.flt)
Layer name<TMESH>: PressEnter
Drawingedges... 2515

Pull-Down Menu L ocation: Contour
Prerequisite: Atriangulationfile(.flt)
Keyboard Command: drawtri

File Name: \Isp\contour4.arx
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Contour from Triangular M esh

Function

Thiscommand drawscontour linesfromatriangul ation network drawn by Triangulate& Contour.
There are not as many contouring options here as there are in Triangulate & Contour. Creating
contours with this command makes contouring a two step process. First draw the triangulation
network andthen create contoursfromthistriangul ar mesh. Themainadvantageto contouringthis

way is that you may modify the
triangular mesh before contour-

ing. Contour from Triangulation |
Triangulatian Metwark, Layer |Th-1E5H |
Prompts
Contour fromTriangulationdia- Contour Layer |ETH |
logbox Contour Interval |2.EIEI |

Select thetriangulation lines.
Select objects: pick the tmesh

lines [ Specity Starting Ending Elevations
[+ Smooth Contours

[¥ Feduce Yertices

ok I LCancel | Help |

Contouringelevation 590
I nserted 900 contour vertices.

Pull-Down Menu L ocation: Con-

Minimurn Contour Line Length

L e LI _I
Offzet Distance

tour

Prerequisite: A triangulation network
drawn by Triangulate & Contour

K eyboar d Command: contour

File Name: \Isp\contour4.|sp, \Isp\contour4.arx

Contoursfrom Grid File

Function

This command draws contour polylines from a surface model defined by agrid file. Contouring
from agrid employsadifferent method than from atriangul ation network and generally produces
contours that loop more. The grid has data points at aregular interval while the triangulation has
edges for every point and break line in the surface. The smoothness of the contours depends on
the grid resolution. The Smoothing Sub-Division option will internally subdivide the grid cells
with a quadratic smoothing algorithm to help create smoother contours. The Hatch Zones option
will fill in the specified elevation ranges with hatch patterns or solid color fills. The Create
Polyline Topology will create closed polylines for each contour range and will draw a zone text
label within each area. This polyline topology can be used in GIS routines such as Polygon

Processor.
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Prompts
Select the Inclusion perimeter polylines or ENTER for none.
Select objects: pick a closed polyline for the contour boundary if any
Select the Exclusion perimeter polylines or ENTER for none.
Select objects: pick a closed polyline for the area to exclude
Grid File to Process dialog Select a .grd file
Contour from Grid File options dialog
Extrapolategrid to full grid size (Yes/<No>)? Press Enter. This prompt appearsif your grid
extends beyond the limits of your data points in some areas.

Pull-Down M enu L ocation: Contour

Prerequisite: A gridfile created by Make

3D GRID Flle Conbour froem Grdd Fie

Keyboar d Command: cntrgrd S Fe ] oo |

File Name: \Isp\contourd.Isp, .. . ] comeurtyimans
\Isp\cntr_grd.arx " Specify Stmrig & Ending Eleatans

™ Drew Inde= Contours

™ Labead Conto s Win Contowr Line Lengh 10000
& Smooth Contours Lew 4] | k| High
" Pobmominl Smoohing

™ No Smoothing
Srrcaothineg Sub-Dirosicon Levsls

 fone L el
F Raduon Yarics Crtaai Dkianca
Caninu 2o Ak

# Mona ¢ Helch 2ones ™ Crask Polding Topokogy

[*. Cancel Help
I | | |

22 0 {

N
7

TN ﬁ?A%

Contours from tmesh without smoothing Contours from grid file without smoothing
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Smooth Contours

Function

This command has options for applying smoothing to polylines. Select the radio button for the
smoothing option you want to apply. If you use quadratic smoothing or cubic spline type
smoothing the spline segments setvar is relevant. The Curve fit option provides the least
smoothing, and the Cubic spline option applies the most. Another effective way of smoothing
is by creating the contours from rectangular meshes using various grid resolutions. Increasethe
smoothing by lowering thegrid resolution and decrease by raisingthegrid resolution. TheBezier
option provides an incremental type of smoothing but can not be decurved. The Linetype
Generation option allowsyou to apply the pedit switch for Ltype Gento agroup of polylines. For
more information on this option and the spline smoothing options see the AutoCad Reference
Manual onthe PEDIT command. After selecting the OK button the program prompts. Figure 5-
29 showscontoursontheleft un-smoothed and ontheright smoothed with the cubic splinemethod.

Prompts

First corner: (pick point) Other corner: (pick point)
Select the polylines that represent the contour lines.
Select abjects: [Enter]

Select Plinesto splinesmaoth.

Select objects: C

First corner: (pick point) Other corner: (pick point)
Select the polylines to smooth.
Select abjects: [Enter]

The program then applies the speci-

fied option to the selection set. Contour-Polyline 5Smoothing |

K eyboard Command: Smooth
Pull-Down M enu L ocation: Contour
Prer equisite: CreateContour linestosmooth.

File Names. \Isp\scadcntr.dcl,
\Isp\scontour.lsp, \Isp\trid.arx

— Smoothing Type or Linetype Generation
{* Bezier

" Cubic B-Spline

' Quadratic B-Spline

" Curve Eit

" Decurve

" Linetype Generation

Spline Segments Setarn

[ | Liretpe Eeneration Flag

Cancel Help |
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/25 72>y

Cubic-smoothing result

Bezier Smoothing

Function

Besidesrunning separately in the Smooth Contoursroutine, Bezier Smoothing isalso embedded
in many of the routine that create contours. Bezier Smoothing applies the Bezier smoothing
algorithm to polylines. This smoothing technique has two advantages over Spline or Curve-Fit
smoothing. Oneisthat aBezier smoothed polylinewill passthroughall of theverticesintheorigina
polyline, whilea Spline smoothed polyline only curvestowardsthe original verticesand can pull
away fromverticesat sharp corners. Hitting all the original verticescan beanimportant featurein
contour mapsfor maintaining the exact location of the contours. The other benefit of Bezier isthe
user's ability to control the looping and vertex factors. A higher looping factor increases the
curving effect. Vertices reduction can also be applied along with the smoothing. This avoids
having to create smoothed polylines with numerous vertices and then having to reduce these
verticesin asecond step. Be sure not to make the cutoff offset for reduction too high or you can
negate or even reverse the smoothing effect (see Figures 5-30 - 5-33).
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A drawback to Bezier isthat it cannot be "decurved” like the other smoothing techniques. Also,
be careful with thelooping factor on contour lines because ahigh | ooping factor may cause close
contour lines to cross.

Prompts
Enter theloopingfactor (1-10) <5>: PressEnter. Thisdeterminesthe extent of curving. 1- least
curvy, 10 - most curvy.
Enter the offset cutoff <0.05>: Press Enter. This value is the maximum shift distance for
vertices reduction. A higher value removes more vertices.
Select polylinestosmooth.
Select objects: Pick polylines

Figure 5-30: Original Contours Figure 5-31: Looping Factor 5

Pull-Down M enu L ocation: Bezier Smoothingis
accessed through the Smooth Contours command on the
Contours pull-downinthe DTM & Contour menu.

Prerequisite: Create Contour linesto smooth.
File Names: \Isp\scadcntr.dcl, \Isp\scontour.Isp, &
\Isp\trid.arx
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Figure5-32: Looping Factor 9 Figure5-33: Looping Factor 2

Reduce Vertices

Function
Carlson'scontouring and smoothing of ten createsan explosioninfilesizedueto themany vertices
it adds. Fortunately, many of theseverticesarevery closetogether and some can beremoved with
novisibleeffect onthecontour linedrawing. Reduce Contoursremovestheseextraverticeswhich
canreducethetotal number of verticesby 30% to 90%. Thishasthebenefitsof asmaller drawing
file, faster drawing loading, and faster regens.

Reduce Contoursremovesverticesin apolylinethat are within auser specified offset cutoff. The
algorithm looks at three vertices at atime, and cal cul ates the distance between the second point
and the line from thefirst to the third point (see Figure 5-34). If thisdistanceislessthan the user
specified cutoff, the second point isremoved. In theory, reducing the polyline vertices should not
shift the polyline more than the user's cutoff distance. The default for this cutoff is one tenth of
afoot. Increasingthecutoff will removemoreverticeswhiledecreasingitwill moreclosely preserve

Vertex 2 Vertex 3
Original Pline =
—_ Reduced Pline
Distance
Vertex 1
Figure 5-34
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the original contour line. Figures 5-35 through 5-40 contain examples of different cutoff values.
When combining vertex reduction with smoothing, it is suggested to smooth before reducing,
although it can be done the other way around.

Vertices

] ) ) Figure5-38: Smoothed Cntrs Reduced by .1,
Fi gure’5-37: Smoothed Contourswith 540V ertices 194Vertices
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Figure 5-39: Smoothed CnirsReduced by .5, Figure 5-40: Smoothed Cntrs Reduced by 4.0,
88Vertices 39Vertices

Pull-Down M enu L ocation: Contour

Prerequisite: Create Contour linesto reduce.

K eyboard Command: reduce

File Names: \Isp\scadentr.dcl, \Isp\scontour.lsp, & \Isp\reduce.arx

Edit Contours

Function
This command revises a segment of acontour polyline. Begin by picking a point on the contour
whereyouwant to start editing. Then pick new pointsfor the polyline. When finished picking new
points, pressEnter andthen pick apoint onthecontour to connect withthenew points. Thepolyline
segment between the start and end points is then replaced with the new points.

Prompts
Select contour to edit: pick the contour polyline at the place to start editing
Pick intermediatepoint (Enter toEnd): pickapoint
Pick intermediatepoint ('U' toUndo, Enter toEnd): pickapoint
Pick intermediatepoint ('U' toUndo, Enter toEnd): PressEnter
Pick reconnection point on contour: pick the contour polyline at the placeto join

Keyboard Command: editctr

Pull-Down M enu L ocation: Contour

Prerequisite: polylineswith elevation (contour polylines)
FileName: \Isp\poly3d.arx
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&
— —
Edit this contour by picking new points Contour with segment replaced with new points
List Elevation
Function

Thiscommand displaystheelevation of apolylineor line. Witha3D polyline, theelevation of the
3D polyline at the pick point is reported along with the elevation of each vertex.

Pull-Down M enu L ocation: Contour
Keyboard Command: LSTELEV
Prerequisite: apolylineorline

File Name: \Isp\istelev.Isp

Contour Elevation Lab€

Function
This command can be used to label a group of contour lines with their elevation. To place the
labels, pick two points across the contour polylines. The program will find all the contour
polylinesthat intersect the line defined by the two picked points and the labelswill drawn to the
intersection points. Thetext sizeis ascaler that will be multiplied by the horizontal scaleto set
the text size in AutoCad units.

Prompts
Glaobal Elevation Dialog
Definealinewhich dicesthecontour sat theplacetolabel them.
Pick 1st point: (pick point)
Pick 2nd point: (pick point)
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K eyboard Command: gclabel Contour Label Options
Pull-Down M enu L ocation: Contour

. . . . . Label L r TE=T
Prerequisite: polylineswithelevation S
(contour polylines) Harizontal Scale 0.00
File Name: \Isp\gclabel.Isp & Text Size Scaler 0200

\Isp\contour4.arx Decimals

: X

" Label Pasition

% On Conbour " Above Contour

v lgnaore Zera Elevation Polylines
¥ Break Plines at Label lnsertion

[~ Draw Broken Segments Layer  |CTEXT_ER

[T Label By Distance e— 200,000
[T Draw Bos Around Text

v &lign Text Witk Contour

LCancel | Help

\ Selection Point 2

Selection Poigt 1

By selecting two points the contour lines that cross the line defined by
the two points are |abel ed.
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L ocal Elevation L abel

Function
This command allows the user to place elevation labels on contour lines or other entities with
elevations. Thecommand promptsfor two pointsthen centersthel abel inbetween. It then prompts
for two break pointswhich areusedto erase/break thecontour that runsthroughtheel evationlabel .
If abreak isnot required just press [Enter] at the break point prompts.

Pull-Down M enu L ocation: Contour
Keyboard Command: clabel
Prerequisite: None

File Name: \Isp\labcont.Isp

Flip Contour Labels-Text

Function
This command individually rotates each of the selected text entities by 180 degrees.

Pull-Down M enu L ocation: Contour
K eyboard Command: fliptext
Prerequisite: Text labelson the contours.
FileName: \Isp\fliptext.Isp

Highlight Index Contours

Function
Thiscommandwill freezealayer of contour linesand copy aspecifiedinterval toanother layer. This
allowsthe user to change the color or width of acertain interval.

Prompts
L ayer nameof existingcontour s<CTR>: [ Enter]
L ayer namefor highlight contour s<NCTR>: [ Enter]
Select Contour stoHighlight.
Select abjects: W
Thisis AutoCad’ s standard selection set prompt, use Window or Crossing.
First corner: (pick point)
Second cor ner: (pick point)
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Select objects: [ Enter] Enter endsthe selection process. The program then sortsand displaysthe
High and Low interval of the selected contours.

Contour incrementtohighlight: 10

StartingHighlight at elevation <98.0>: 100

EndingHighlight at elevation <152.0>: 150

Assuming we had drawn 1 foot intervals, the above example would copy contours on el evations
100, 110, 120, 130, 140 and 150tothelayer NCTR and freezetheremaininglinesonlayer CTR.

K eyboard Command: indexctr

Pull-Down M enu L ocation: Contour

Prerequisite: Contours should be plotted and visible on the screen.
File Name: \Isp\ccolor.Isp

Highlight Depression Contours

Function
This command highlights depression contours by changing their layer, color, and adding tick
marks. A depression contour isaclosed contour linethat leadsto alocal minimum such that there
are no contour lineswith ahigher elevation within the contour. Thisroutinefinds the depression
contours out of the selected polylines. The depression contours are highlighted, and the user
selects which onesto label.

Prompts
L ayer nameof existingcontour s<CTR>: [ Enter]
L ayer namefor depression contour s<DCTR>: [Enter]
Widthfor depression contour s<1.0>: [ Enter]
Tick Interval for depression contour s<50.00>: [ Enter]
Tick Sizefor depression contour s<6.0>: [ Enter]
Select theexisting contours.
Select objects: Select all the contour polylines, eventhe contoursthat aren't depression contours.
Select objects: [ Enter] Enter endsthe selection process. The program then sortsand displaysthe
high and low elevations of the selected contours.
Readingtheselection set ...
L ocatingthedepression contours...
Drawingthedepression contours...

Pull-Down M enu L ocation: Contour

Prerequisite: Contours should be plotted and visible on the screen.
Keyboard Command: depress

File Name: \Isp\depress.Isp & \Isp\volcalc.arx
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Figure 5-42: Highlighted depression contours

Change Contour-PlinesWidth

Function
This command allows the user to select a group of contours/plines and change their width for
emphasis when plotting. For example, use the above command Highlight Contours to freeze
unwanted intervals and make visible the contour intervals of interest. Then using this command
change them to the desired width.

Keyboard Command: cwidth

Pull-Down M enu L ocation: Contour

Prerequisite: Contour polylines should be drawn and visible on the screen.
File Name: \Isp\cwidth.Isp
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Trim Contour-Plines by Pline

Function

Thiscommand can beusedtotrim
agroupof contour linesor polyline
entities that cross a perimeter de-
finedby a2D polyline. Thetrimcan
be executed on the inside or the
outside of the perimeter.

Prompts

Select polylinewhich represents
perimeter: (selecttrimperimeter)
Perimeter has6 points.
TrimInside/<Outside>: [ Enter]
Usethe | option to trim polylines
insidethedefined perimeter. This
isuseful for deleting contour lines
that fall inside abuilding or some

area that you want void of con-

tours.

Select PolyL inesand/or 3DPolystoTrim.

Select objects: W

Thisis AutoCad’ s standard selection set prompt, use Window or Crossing.
First corner: (pick point)

Second cor ner: (pick point)

Select objects: [Enter]

[Enter] ends the selection process.

K eyboard Command: polytrim

Pull-Down M enu L ocation: Contour
Prerequisite: Draw a2D closed polylineperimeter.
FileName: \Isp\polytrim.Isp
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Color Contoursby Elevation

Function
This command changes the
color of the selected polylines
based on the polyline eleva
tion. The color to use is de-
finedin elevation rangetable.

Prompts

Define Ranges Dialog
Select polylines to color:
pick the polylines

Pick point for color legend:
pick a point to a clear area of
the drawing to place a legend
or press Enter for no legend

K eyboard Command: ctrcolor
Pull-Down M enu L ocation: Con-
tour

Prerequisite: Contours polylines
File Name: \Isp\contour4.arx

Elmwation  Ranges
<= 15001

150,040 15100
161 0040 15200
1620040 16300
1630040 15400
1540040 16500
1660040 15610
1560040 15700
1670040 15610
1540040 15800
1690040 16000
1600040 16100
161 000 16200
1620040 16300
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L
d
E
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Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

Codar.

L,

| e

Assign Contour Elevations- Single Elevation Group

Function

Thiscommand changestheel evationsof polylinesand can beused to set the el evations of contour
polylines. Theroutine begins at a specified elevation and promptsfor a selection set of polylines
tosettotheel evation. Thentheroutinerepeatsusingthelast el evation plustheel evationincrement.
Enter an empty selection set to exit the routine.
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Prompts
Startingelevation <0.0>: 500.0
Contour interval (negative for down) <1.0>: 5.0
Select polylines to set to elevation 500.0.
Select objects: pick the polylines
Select polylinesto set to elevation 505.0.
Select objects: pick the polylines
Select polylinesto set to elevation 510.0.
Select objects: PressEnter

Pull-Down M enu L ocation: Contour
Prerequisite: polylines

Keyboard Command: setcelev
FileName: \Isp\poly3d.arx

Group Change Elevation

Function

Group Change Elevation can be used to quickly and accurately assign the elevation of series of
AutoCAD polylinesthat have been converted from raster or digitized without correct elevations.
Theroutinewill automatically assign elevationsto the polylines crossing the fence line selected
by two points. Atthesametimetheelevationsarechanged, theprogram canassignitanew layer,
color, linetype, and polylinewidth. Thisprocessusually worksbest if contoursareinatemporary
(white) layer tostart. Whenthey areprocessed, they will takeonthecol or of thenew layersmaking
it easy to distinguish which polylines have been processed.

Elevationalizer Parameters |
birnor b ajar

Prompts Iriteryal: |5 | |25 |

1) Command: GRPCELEV

2 Settings/First Point:  (PressStochange Layer |ETH | |NETH |

settings or pick first point.) Color |E“r’L.é«YEF| | |EYL.L‘-.YEF: |

3) Second Point: (Pick second point)

4) Beginning Elevation <0.00>: 1020 Linetype:  [BYLAYER | [BYLAYER |

5) Increment Direction U/D <U>: (enter) "lidth: ||:, | |1_5 |

Cancel | Help |
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Tablet Calibrate

Function
ExecutesAutoCad'sTABLET commandto setthedigitizer toadrawing'scoordinatesystems. Refer
to the AutoCad Reference manual for further information.

Keyboard Command: tablet
Pull-Down M enu L ocation: Contour
Prerequisite: Affix adrawingtoyour digitizer tablet.

Auto Tablet On

Function
Thiscommand control swhether the commands Digitize Contour s, Digitize Sections, and Digitize
End Areasautomatically turnthetablet to digitizer modeat theappropriatetime. If thiscommand
is not executed the user is responsible for toggling the tablet on at the point picking prompts.
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Prompts
[1]-TurnTablet OnAutomatic  [0]-NO AutoTablet On <0>: 1
Entering 1 enables automatic tablet on mode.

K eyboard Command: digdefs
Pull-Down M enu L ocation: Contour
Prerequisite: None

File Name: \Isp\digdefs.Isp

Digitize Contours

Function
Thiscommand allowsyouto digitize contoursaspolylinesoneat atime. Thefirsttimeit prompts
foralayer, anelevation, and aninterval and thendrawsapolylineby picking points. Thecommand
can berepeated by pressing enter at the AutoCad command prompt. When repeated, thecommand
defaultsto the last elevation plustheinterval and the previous layer. While picking points when
you get near the edge of the screen, the program will automatically zoom the display to center
around the last point.

K eyboard Command: digcont

Pull-Down M enu L ocation: Contour

Prerequisite: Cdibratethetablet with the Tablet Calibrate menu option if contours are to be taken of f
anexisting drawing.

File Name: \Isp\digcont.Isp & \Isp\contour4.arx
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Site Commands

The Site menu offers commands that assist in site design,
stakeout, andvolumetrics. TheSitepull-downmenuisshown

to the right.

Design Pad Template

Se Mo Hep
Dresagn Pad Template
Deesign Banch Fond
Caesign Valkey' Pond

Spat Elrvaliors
Ertites To Foinks wi' By
A0 By by Surfiac ol

Craw 0Py Perimensr
Draw 0P oy Eiame EST e
Calcuiate Sicckpde Yolumes
CacLbrte Pornd Fi ol mes

Cetire Earttwcrk Zores
Plame Zons Pobines
CaCLrte Eartaicrk

Function

This command creates design slopes from a perimeter polyline at specified cut/fill slopes to

reach existing ground. This routine can be used to
design building pads, pits, roads, ditches, stock-
piles, etc. The designisdrawn as 3D polylinesfor
the cut/fill slopes and for the daylight perimeter
where the design meets existing ground. Before
beginning this routine, you must have drawn the
polyline perimeter. The polyline perimeter can be
either a2D or 3D closed or unclosed polyline. For
a 2D polyline, the program will prompt for an
elevationfor thepad perimeter. Witha3D polyline,
the pad perimeter is set to the elevations of the 3D
polyline. For an unclosed polyline, the program
will prompt for the side for the design. With a
closed polyline, the program designs the slopes
either outward or inward depending on the setting
in the dialog.

Several of the Design Pad Template optionsare set
in the dialog shown here. The Draw Slope Dir ec-
tion Arrows option draws an arrow on the
outslopes that points in the downhill direction.
Arrowsonfill lopesaredrawn assolidfilled. The
Solid Cut Arrows chooses between drawing the

Facd Termgiale Paramebers

Source of 5 ufacs kol

=1

-

= Gnd Fils i« Sermen Entles

Dz b Shopea: Fioimresd

F Fatio " Padcant " Tampksin

Slope Direchionbor Closed Fines
i Carbgichs ™ |reaches
T Uees ddioiiar G For Pesd Frisdi o
I Do Blope D8 oo i

r

W' Anund Exbed o iCmesi

W D Elda S hopss: Pobdiiss

Eida Fukdng Epacing
Carl Bl Facior
Fill Efirink Facti
Pacl Layar Hama F&D

Cancal | Halke |
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cut arrows also as solid filled or as wire frame. The Pad L ayer Name specifies the layer name
that the pad 3D polylines will be drawn in. The Round Exterior Corners option holds the
outslopes around the corners. Otherwise the side outslopes stay straight until they meet at the
corners as shown in the figure. The Draw Side Slope Polylines will draw 3D polylines
perpendicular to the pad perimeter from the pad to the catch point. Theseside polylinesaredrawn
at theinterval setinthe Side Polyline Spacing field. Besides at theinterval, side slope polylines
are also drawn at grid corners. In the Pad Design report, the cut volume is reported as the Cut
Swell Factor multiplied by the origina cut volume and the fill volume is reported as the Fill
Shrink Factor multiplied by the original fill volume.

There is an option to calculate volumes for the pad design. The volumes are calculated by
comparing the existing surface with the pad design. The inclusion perimeter for the volume
calculation is the daylight perimeter polyline which represents the limits of disturbed area. The
existing surface model is defined by the existing grid file or screen entities selected at the
beginning of the command. The pad design surfaceis calculated by making a grid from the pad
3D polylinesincluding the starting pad perimeter, the side polylines and the daylight perimeter.
The Use Another Grid for Pad Interior option will prompt for another grid file to use for the
design surface within the starting pad perimeter. Otherwise the program will model the pad
interior by straight interpolation from the starting pad perimeter elevations. For example, if a
building pad has astarting pad perimeter at aset elevation and the pad i s supposed to beflat, then
this option is not needed. This option is needed in a case where you are designing a pit and the
starting pad perimeter is a 3D polyline that follows an undulating pit bottom surface. The pad
designwill model the pit side slopes. In order to model the undulating bottom of the pit, you need
the Use Another Grid for Pad Interior option to select a grid that models the pit bottom.

Besides calculating the volumesin the Design Pad Template routine, you can also calculate the
volumeswith the Two Surface V olumescommand. The design surfacefor Two SurfaceVolumes

Existing Cantours

Area Defined, by Use Another Grid [far Pit Interior

Area Defined by Pad Design

—
Example of pit design for option of Use Another Grid for Pad Interior
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Pad corner with round corners option. Pad corner without round corners option.

can bethefinal output grid from Design Pad or you can create adesign grid with Make 3D Grid
File using the 3D polylines created in Design Pad. The reasonsto use Two Surface Volumesare
that this volume routine has more output options (cut/fill color maps, etc.) and you can check
thevolumesby plotting or contouring thegrid files. Also you can combine several padsand other
final surfaces by running Make Grid File and then calculate the overall site volumes with Two
Surface Volumes.

For closed pad perimeters, there is an option to draw the slopes inward or outward from the
perimeter. The outward method starts the slopes at the design elevation of the perimeter and
projects out to intersect the existing surface. The inward method projects the slopes inside to
reachthegrid surface. Theinward method is equivalent to starting from the disturbed arealimits.

The surface is defined by a 3D rectangular grid mesh. The grid can be selected from a .grd file
or calculated by the routine. When calculated, Design Pad Template internally creates a grid
mesh from the surface entities found by doing a crossing selection of the grid limit. Make sure
that the grid area covers the entire area for the pad including room for the cut/fill slopes.

The design isdrawn as 3D polylines and the earthwork volumes are calculated. Before ending,
the program allowsyou to adjust the design by changing the pad el evation, slopesand offset. The
program canfind the cut/fill balance by automatically adjusting the pad el evation. If adjustments
are specified, the pad polylines are redrawn and the volumes recal culated. At the end, thereisan
option to trim existing contours inside the disturbed limits of the pad. Then there is an option
to draw contours on the pad. If contouring is selected, a dialog lets you set the contouring
options. Usually you should specify a new contour layer and turn off smoothing.

The cut and fill slopes can be defined by ratio, percent slope or template file. Using atemplate
file lets you do road design without cross sections. Instead the existing surface is modeled by
the grid. To do road design by cross section, use the Earthworks & Final Contours command in
the Section-Profile module.
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Thetemplatefile (.tpl) is created in the Design Template routinein the Section - Profile module.
When using a template, the pad perimeter represents the centerline. One way to create the pad
perimeter for the template is to use the Profile to 3D Polyline command which converts a 2D
centerline to a 3D polyline using a design profile. With atemplate, the program uses not only
the cut and fill slopes from the template file but also draws all the template grade points such
as edge of road, curb and ditch. The subgrade, superelevation and templ ate transition options of
the template file are not used in this command. These options are only applied in the Process
Road Design command. The grade points are drawn as 3D polylines parallel with the centerline.
Cross section 3D polylinesthat include the grade points are al so drawn at the specified interval.

Prompts
Pick Lower Left limit of pad disturbed area: Pick lower left These prompts appear for the
Screen Entities surface model method.
Pick Upper Right limit of pad disturbed area: Pick upper right
Besureto pick theselimitswell beyond the area of the top of pad polylinein order to make room
for the outslopes.
Make Grid File Dialog
After selecting the limits of the disturbed area the program will generate a 3D grid that
represents the surface. Specify the grid resolution desired and select OK.
Pick the top of pad polyline: Select perimeter polyline
Enter the fill outslope ratio <2.0>: 2.5
Enter the cut outslope ratio <2.0>: 2.5
After entering outslopes slope ratios, a range of elevations along the pad top will be noted.
Enter the pad perimeter elevation <29.54>: 39
Calculate earthwork volumes (<Yes>/No)? Press Enter
Pad Report Viewer Reports cut/fill volume
Writefinal surfaceto grid file (Yes/<No>)? Press Enter. This option will output a grid file
using the elevations of the pad within the disturbed area polyline and using the original ground
surface everywhere else.

Top of Pad Polyline

— 'e

—

AN

Existing contours with top of pad perimeter polyline
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Adjust parameters and redesign pond (Yes/<No>)? Press Enter
Trimexistingcontour sinsidepad perimeter (Y es/<No0>)? PressEnter
Contour thepad (<Y es>/N0)? PressEnter

m Pad template
with contours

—_
_
N \ / 3D view of
NIAN \ padwith
AL NN/ [ T DTM of
\ = < surface and
triangulation
faces of pad
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Pull-Down Menu L ocation: Site
Prerequisite: A pad perimeter polylineand surface entitiesor .grd file

Keyboard Command: pad

File Names: \Isp\flatpond.Isp & \Isp\pond.arx

f\ Existing surface with
ﬁ\\ 3D polyline centerline

Result of Design Pad Tem-
plate showing template grade
polylines, cross section
polylines, cut/fill slopes, and
final contours.

TS
M
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Viewpoint 3D view of
Design Pad Template

Design Pad Template can also
handle self-intersecting side
slopes

Viewpoint 3D view of
intersecting side slopes
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Bench Pond Design

Function
Thisfeature will design an on bench or hillside pond from a closed 2D polyline that definesthe
top dam perimeter of the pond and a surface model. Before beginning thisroutine, you must have
the surface entities and the closed polyline as shown in Figure 5-45.

The surface is defined by a 3D rectangular grid mesh. The grid can be selected from a .grd file
or calculated by the routine. When calculated, the program internally creates a grid mesh from
the surface entities (Contours, Tri-Mesh, 3dPolys) found by doing a crossing selection of the
grid limit.

The design is drawn as 3D polylines with an option to drawn contours on the pond, and the
earthwork volumes and stage-storage volumes are cal cul ated.

Figure 5-44: Grid Resolution dialog
Prompts

Source of surface model (File/ 20 EHTY (5 |
<Screen>)? Press Enter. Use the File Cell Size in&: 011, in " 0.08
option to select a .grd file. [+ Ignare Zema Elevations
Pick Lower Left limit of pond dis
turbed area: Pick lower left

Pick Upper Right limit of pond dis-
turbed area: Pick upper right & Mumber of Cells in % and '
Be sure to pick these limits well beyond
the area of the top of dam polyline in
order to make room for the outslopes. = |50 Y: |50

Make GRID File Dialog

After selecting the limits of the disturbed
area the program will generate a 3D grid
that represents the surface. Specify the grid resolution desired and select OK.

Pick the top of dam polyline: Sdlect closed polyline (see Figure 5-45).

Interior slopes to set elevation or original surface (<Elev>/Surface)? Press Enter. The
interior of the pond can be created to one bottom elevation or the interior sides can stop
where they intersect the original surface.

Enter slopes as percent grade or dope ratio (Percent/<Ratio>)? Enter

If Percent is desired press P, then Enter. In this example ratio will be used.

Enter the fill outslope ratio <2.0>: 2.5 Enter

Enter the cut outdope ratio <2.0>: 2.5 Enter

Enter the interior slope ratio <2.0>: 2.0 Enter

Enter the top of dam width: <10>: 10 Enter

After entering outslopes and interior slope ratios a range of elevations along the dam top

will be noted.

Enter the top of bank elevation <29.54>: 40 Enter

— Grid Fezolution
Specify Grid Rezolution As....

" Dimensions of a Cell

Cancel | Help I
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TOP OF DAM POLYLINE
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Figure 5-46: Bench Pond showing Slope Direction Arrows and complete with contours
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Figure 5-45: Existing contours with top of dam polyline
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Enter thepond bottom elevation: 28 Enter

Draw dlope direction arrows (Yes/<No>)? Yes Enter

Choose method to specify storage elevations (<Automatic>/Manual)? Enter

If manual is selected the user can specify the elevation(s) to calculate.

Write stage-storage to SEDCAD file (Yes/<No0>)? Press Enter. This option creates a
.cap file to use with Pond Stage Storage Curve which draws the stage-storage curve. The .cap
fileisaso used in SEDCAD.

Write report to file (Yes/<No>)?

If yes, the user will be asked to enter a filename and the report will be written to disk (see
Figure 5-48)

Write report to printer(Yes/<No>)?

Adjust parameters and redesign pond (Yes/<No>)?

Trim existing contours inside pond perimeter (Yes/<No>)?

Contour the pond (<Yes>/No)?

Contour Options |
Contour Layer |ETF| |
Contour Interyal |2.EIEI |
Finimum Contour Ling Length 0.50

[ Draw Index Contours
[ Label Contaurs
[ Specify Starting Ending Elevations

[+ Smooth Contours Ll _I _PI Hig
¥ Reduce Vertices Offset Distance 005000

Figure 5-47: Contour Options dialog

Pull-Down Menu L ocation: Surface in Mining module, Site in DTM-Contour module, Pond in
Hydrology module

Prerequisite: Closed polyline that defines top of dam and surface entities

K eyboard Command: bpond

File Name: \Isp\flatpond.Isp, \Isp\pond.arx
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Bench Pond Design Report

Top of dam elevation: 40.0000

Bottom of pond elevation: 28.0000

Top of dam width: 10.0000

Cut dope percent grade: 40.00, slope ratio: 2.50

Fill dope percent grade: 40.00, slope ratio: 2.50
Interior slope percent grade: 50.00, slope ratio: 2.00

Lower left grid corner : 186395.20,57620.23
Upper right grid corner: 186803.82,57872.93
X grid resolution: 50, Y grid resolution: 50
X grid cell size: 8.17, Y grid cell size: 5.05

Pond EarthWork Volumes
Total fill: 2087.624 C.Y., 56365.84440 C.F.
Total cut: 772.791 C.Y., 20865.34961 C.F.

Pond Storage Volumes

Water Elev: 30.00, Pond Storage: 179.887 C.Y ., 4856.94921 C.F.
Water Elev: 32.00, Pond Storage: 453.708 C.Y., 12250.12126 C.F.
Water Elev: 34.00, Pond Storage: 817.981 C.Y., 22085.48186 C.F.
Water Elev: 36.00, Pond Storage: 1321.035 C.Y., 35667.93750 C.F.
Water Elev: 38.00, Pond Storage: 2001.216 C.Y., 54032.83340 C.F.

Figure 5-48: Report generated by Write Report to File opti ovl\
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Valley Pond Design

Function
Thisfeaturewill designavalley pondfroma 2D polylinethat definesthetop of damandasurface
model. Before beginning this routine, you must have the surface entities and the polyline as
shown in Figure 5-51.

The surface is defined by a 3D rectangular grid mesh. The grid can be selected from a .grd file
or calculated by the routine. When calculated, the program internally creates a grid mesh from
the surface entities (Contours, Tri-Mesh, 3dPolys) found by doing a crossing selection of the
grid limit.

The design is drawn as 3D polylines with an option to drawn contours on the pond, and the
earthwork volumes and stage-storage volumes are cal cul ated.

Make GRiD File ]|
Prompts

. Cell Size in=: 017, in %" 0.03
Source of surface model (File/ :
<Screen>)? Press Enter. Use the File ¥ lanore Zemo Elevations
option to select a .grd file. — Grid Resolution
Pick Lower Left limit of pond dis- Specify Grid Rezolution As....
tl’_”bed area. I_DICk '°_W°ir left . % Number of Cells in# and v’
Pick Upper Right limit of pond dis-

turbed area: Pick upper right " Dimensionz of a Cell
Be sure to pick these limits well beyond
the area of the top of dam polyline in % [30 x50

order to make room for the outslopes.
Make GRID File Dialog

After selecting the limits of the disturbed
area the program will generate a 3D grid
that represents the surface. Specify the
grid resolution desired and select OK.
Pick the top of dam polyline: Select closed 2d polyline (See Figure 5-51)

Pick a point within the pond: Pick a point

Enter slopes as percent grade or dope ratio (Percent/<Ratio>)? Enter

If Percent is desired press P, then Enter. In this example slope ratio will be used.

Enter the fill outslope ratio <2.0>: 2.5 Enter

Enter the cut outslope ratio <2.0>: 2.5 Enter

Enter the top of dam width: <10>: 10 Enter

After entering outslope ratios and dam width arange of elevations along the top of dam will be
noted.

Enter the top of dam elevation: 90 Enter

Cut pondinterior (<Y es>/No)? No Enter. Thisoption hastwo methodsfor cutting volume from

Figure 5-50: Grid Resolution dialog
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the pond interior. This cut will create more water storage.

The trace method prompts you to define a 3D polyline by picking points starting at the dam and
going around the pond counterclockwise. At each point you enter an elevation. The default isthe
current ground el evationand typically youwoul d enter alower el evation. Thenyou enter acut slope
and the program will cut from this perimeter polyline at the entered slope.

The polyline method requires apre-drawn closed polylineinside the pond. The program will ask
for adepth to cut and a cut slope. Polylineis set to the current ground elevation minus the cut
depth. Then the program cuts out from the polyline to the original ground at the cut slope.

TOP OF DAM POLYLINE

/;// 2 Figure 5-51: Existing contours with top of dam
polyline

Figure 5-52: Valley Pond showing Emergency Spillway
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Choose method to specify storage elevations (<Automatic>/Manual)? Enter
If manual is selected the user can specify the elevation(s) to calculate.

Write report to file (Yes/<No>)? Enter
If yes, the user will be asked to enter a filename and the report will be written to disk.

Write report to printer(Yes/<No>)?

Enter

Adjust parameters and redesign pond (Yes/<No>)? Enter
If yes, the user will be able to enter new dlope ratios and dam widths etc...
Contour the pond (<Yes>/No)? Enter

]|

Contour Options
Cantour Layer ||:TH |
Cantaur [nterval |2.|:||:| |
Mimirumn Cortaur Line Length 0.50
[ Draw Index Contours
[ Label Contours
[T Specify Stating Ending Elevations
¥ Smooth Contours [T | Hig

I Reduce Verices Offzet Distance

LCancel

Pond

Figure 5-54: Contour Options
dialog

Pull-Down Menu L ocation: Surfacein the Mining module and Site in the DTM-Contour

module

Prerequisite: Polyline that defines top of dam

Keyboard Command: vpond
File Name: \Isp\flatpond.Isp, \Isp\pond.arx
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Spot Elevations

Function
This command will calculate the z coordinate of any point that falls within the surface model.
Use this command to calculate the elevations for points of a design for slope staking or for
putting spot elevations on a topography map. The calculated points are stored in the current
coordinatefile. A surface model iseither selected froma.grd or flt fileor internally cal culated
from the existing entities on the drawing.

Spot elevations can be calculated at various user-specified points or at a specific interval. For
random spot el evations, the user picksor entersthex,y coordinates for each spot elevations. The
elevation at the current position of the crosshairs is displayed in real-time at the bottom of the
side bar. For interval spot el evations, the alignment for theintervalsis defined by apolyline that
must be created before starting this routine.

Prompts
Sour ce of surface model (File/<Screen>)? Press Enter. Use the File option to select a .grd
or flt file.
Layer for points <POINTS>: Press Enter
Add spot points to Coordinate File (Yes/<No>)? Yes.
This option stores any points created in this routine to a x 41.48
.crd fileand draws Carlson point entities.
Draw nodesonly (Yes/<No>)? PressEnter. Thisprompt | X 39 . /1
only appears if Add points to Coordinate File is off. This x 45.33
option either draws only AutoCad POINT entities or an X
mark and elevation text.
Pick Lower Left limit of surface area: pick a pointat | X 4170 x 00,44
the lower left corner of your area of interest ) )
Pick Upper Right limit of surface area: pick a point to Spot Elevations with Add to
window around your area of interest Coordinate File off and
Make Grid File Dialog Draw Nodes Only off
Choose a grid resolution for modelling the surface.
For picked point spot elevations:
Random spot elevations or interval along pline (<Random>/Interval)? [Enter]
Enter or pick point (Enter to end): pick a point
Enter or pick point (Enter to end): Press Enter
For spot elevations along a polyline:
Random spot elevations or interval along pline (<Random>/Interval)? Interval
Pick the centerline polyline: pick a polyline
Interval along polyline <50.0>: 25
Number of left offsets <0>: 1
Enter left offset interval <25.0>: 10
Number of right offsets <0>: 2
Enter right offset interval <10.0>: Press Enter
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\

%

Interval spot elevations for points 1-32. "Random" spot elevationsfor points 33-37.

Pull-Down M enu L ocation: Site
Prerequidite: Surfaceentitiesor a.grdfile
K eyboard Command: spotelv

File Names: \Isp\flatpond.Isp & \Isp\pond.arx
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Entitiesto Pointswith Elevations

Function
Thiscommandworkssimilar tothe Entitiesto SurvCADD Pointscommand explainedinthe Cogo
Sectionexcept it hastheadded abil-
ity to compute an elevation from a

) . . i i x
surfacemodel thatisstoredinagrid Entities T EGESS x|

(.grd)fileor triangulation (flt) file. Symbol Mame: |5F'T5 |
TheprogramusestheX,Y fromthe .
selected entities and calculates the select Symbol |

Z from the surface model. For ex- — Point Prompt-Label Settings

ample, if you need theel evationsof
the design features for stakeout.
Choose the lines and arcs of your I Prompt for Elevations
designwiththiscommandto specify [¥ Locate on Real 2 dsis
the PC's, PT'sand endpoints. Then
use the command Spot Elevations [~ Point Number Settings
explained previously to compute [v Point Humbers
additional points. The results are
stored in the current .CRD file and

[T Prampt for Descriptions

[+ Automatic Paoint Mumbering

couldbetransferredtoanelectronic Starting Paint Mumber 1 |
fieldbook.
Layer Mame faor Pointz

Prompts ] Cancel | Help I

EntitiestoPointsDialog

Choose whether to prompt for

descriptions, elevations or point Create Points from Entities x|

numbers — Entities to Process

Entitiesto ProcessDialog Chooseentities _

to process [w Polylines

Sour ceof SurfaceM odel f¥ Lines

Chooseagrid(.grd) ortriangulation (.flt) file. W fcs

Select ar cs, faces, lineand/or polylines.

Select objects: pick entities Ml Felis

[T Faces

Keyboard Command: autoelev [~ Inserts
Pull-DownMenu L ocation: Site [~ Text

Prerequidite; Createasurfacemode! (.grdor flt)
and entities to convert
FileName: \Isp\autoelev.Isp & \Isp\makegrid.arx

[~ Entity Layer Far Description
[+ &woid Duplicates 'with Existing Pts

Cancel Help
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3D Entity By Surface M odd

Function
This command assigns the elevations of the selected points, inserts, lines and polylines to the
elevations defined by the specified grid (.GRD) or triangulation (.FLT) file. For lines and
polylines, additional vertices are added to model the surface. 3D Polylines cannot have arcs. So
any arcsin the original 2D polylines are converted to a series of chords. There is an option to
retain the original polylinesin case you need to keep the 2D polylines with the arcs.

Prompts
Choose Grid or Tmesh File to Process dialog
Select points, inserts, lines and polylines to convert.
Select objects: pick the entities to convert
Keep existing polylines [Yes/<No>]? Press Enter
Converting entities ...
Done.

Pull-Down Menu L ocation: Site
Prerequisite: entities to be converted
Keyboar d Command: 3dconvert
File Name: \Isp\poly3d.arx

Draw 3D Polyline Perimeter

Function
This command draws a 3D polylinein the PERIMETER layer. This polylineis required by the
Calculate Stockpile Volume and Calculate Pond/Pit VVolume routines. In these routines, this
polylineisused astheinclusion perimeter for volumes. Y ou may want to run AutoCad's OSNAP
routine and set your osnap prior to running this routine so that you can grab the elevations of
existing pointswhile creating the 3D polyline. Besides picking and entering the points, you can
also use point numbers from the current Coordinate File (.CRD file).

Prompts
Ignore Z values of picked points (.XY filter) (Yes/<No>): Y
Using the .XY filter allowsthe user to pick the X and Y coordinate from the screen and typein
theelevation. If you usethe N response then the z coordinate of the point picked will be applied.
Number/<Pick point>: (pick point)
Number/Close/Undo/<Pick point>: N
Close/lUndo/Pick point/<point Number>: 15 This is a point number from the current
coordinate file.
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Close/lUndo/Pick point/<point Number>: Press Enter
Pressing [Enter] ends the command.

Pull-Down Menu L ocation: Site
K eyboar d Command: 3dperim
Prerequisite: None

File Name: \Isp\3dpline.lsp

Draw 3D PolylineBaseBarrier

Function
Thiscommand draws a 3D polylineinthe BASE_BARRIER layer. Thispolylineisused by the
Calculate Stockpile Volume and Calculate Pond/Pit V olume routines to model the base surface.
Y ou may want to run AutoCad's OSNAP routine and set your osnap prior to running thisroutine
so that you can grab the elevations of existing points while creating the 3D polyline. Besides
picking and entering the points, you can also use point numbersfrom the current Coordinate File
(.CRD file).

Prompts
Ignore Z values of picked points (.XY filter) (Yes/<No>): Y
Using the .XY filter allowsthe user to pick the X and Y coordinate from the screen and typein
theelevation. If you usethe N response then the z coordinate of the point picked will be applied.
Number/<Pick point>: (pick point)
Number/Close/Undo/<Pick point>: N
Close/lUndo/Pick point/<point Number>: 15 This is a point number from the current
coordinate file.
Close/lUndo/Pick point/<point Number>: Press Enter

Pressing [Enter] ends the command.

Pull-Down Menu L ocation: Site
Prerequisite: None

K eyboard Command: 3dbase
File Name: \Isp\3dpline.lsp
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Calculate Sockpile Volume

Function
This command is the simplified method for calculating fill volumes and is the compliment of
the Calculate Pond/Pit VVolume routine. The program internally computes base and final grids
that enclose the limits of your data points. Y ou have the option of setting the resolution of the
grids. The base grid iscal culated from the 3D polylineinthe PERIMETER layer, which must be
drawn by Draw 3D Polyline Perimeter before using this routine, and from optional 3D polylines
inthe BASE_BARRIER layer as drawn by the Draw 3D Polyline Base Barrier routine. The 3D
polyline perimeter is also used as the inclusion perimeter for the volume calculation. The final
orid is calculated from the other selected surface entities such as points, line, inserts, and
polylines along with the perimeter polyline but not including the BASE_BARRIER polylines.

TheMake 3D GRIiD Fileand Two Surface V olumes routines are an alternative to this command.

Prompts
Make GRID File dialog
Set the resolution and then click OK. See Figure 5-50.
Select stockpile entities and perimeter.
Select object: pick the objects that define the surface and the 3D polyline perimeter.
Reading points ... 53 -
Inserting barriers 17
Triangulating points ... 53
Processing cell 2500
Volume report

4429

547.28% 54020

21
590.20

28 31
553.20 ~ 554.20
543.70

Volume report

Lower left grid corner : 15965.45,12657.05
Upper right grid corner: 16269.40,12906.29
X grid resolution: 50, Y grid resolution: 50
X grid cell size: 6.08, Y grid cell size: 4.98

Stockpile volume : 1191674.87825 cubic ft,

44136.107 cubic yards

Figure 5-56: Sample volume report Figure 5-57: Stockpile defined by pointsand a3D
polyline perimeter. Window these objectsto
obtain the volume report.

32
27 560.30
559.20 2:

3

2 g¢ 542.20
s 567.39

565.30 58520
543.10 2

21

3
562.10

6 25
565.20 57020 24

573.10 18

560.87

542.20 1

6 17
570.20 570.90 543.60

Pull-Down Menu L ocation: Site
K eyboar d Command: stockvol
Prerequiste: Data points of the surface and a 3D polyline in the PERIMETER layer.

File Name: \Isp\stockvol.lsp, \Isp\volcalc.arx
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Calculate Pond/Pit Volume

Function
This command is the simplified method for calculating fill volumes and is the compliment of
the Calculate Stockpile Volume routine. The program internally computes base and final grids
that enclose the limits of your data points. Y ou have the option of setting the resolution of the
grids. The base grid iscal culated from the 3D polylineinthe PERIMETER layer, which must be
drawn by Draw 3D Polyline Perimeter before using this routine, and from optional 3D polylines
inthe BASE_BARRIER layer as drawn by the Draw 3D Polyline Base Barrier routine. The 3D
polyline perimeter is also used as the inclusion perimeter for the volume calculation. The final
orid is calculated from the other selected surface entities such as points, line, inserts, and
polylines along with the perimeter polyline but not including the BASE_BARRIER polylines.

The Make 3D GRIiD File and Two Surface Volumes routines are aternatives to this command.

Prompts
Make GRID File dialog
Set the resolution and then click OK. See Figure 5-50.
Select pond/pit entities and perimeter.
Select object: pick the objects that define the surface and the 3D polyline perimeter.
Reading points ... 53
Inserting barriers 17
Triangulating points ... 53
Processing cell 2500
Volume report

Pull-Down Menu L ocation: Site

Prerequisite: Data points of the surface and a 3D polyline in the PERIMETER layer.
K eyboard Command: pitvol

File Name: \Isp\stockvol.Isp, \Isp\vol calc.arx

Define Earthwork Zones

Function
Thiscommand assignsalayer and differential to each zone name. Closed polylinesfor zonescan
be drawn in the corresponding layers. The Calculate Earthwork command matches the zone
polylines by layer name with the definitions. The elevation of the final surface within the zone
closed polyline is adjusted by the zone differential. If a zone has two or more layers, the Split
Differential option can be used to specify the thickness and description for each layer. The zone
definitions are stored in the file zones.dta in the Carlson EXEC directory.
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Zone Definition |

Pull-Down M enu L ocation: Site

Prerequisite' None Zohe Mame |Main Road
K eyboard Command: zones Layer |P-Fioad14
File Name: \Isp\zones.|sp, \Isp\contour4.arx Differential [1.17000

|
|
|
Coszt per C.F. ||:I.85 |
St Differential |

ok I Cancel
E arthwork Fone Definitions |
Z0ne name Laper Differential Cost
Building BLDG -1.8088 a.0064a
Main Road P-ROAD1YL -1.178 a_85A
Hemowve Save it Help

Name Zone Polylines

Function
Zone polylines are identified by their layer name. This command adds another identification to
zone polylinesto distinguish between zone polylinesin the samelayer. The Cal cul ate Earthwork
command will read these zone names and report volume individually for each name as well as
the total volumes. For example, if you had several building zone polylinesin the layer BLDG,
you could assignthem different nameslike BLDG 1 and BLDG 2. Then Cal culate Earthwork will
report the volumes separately for BLDG 1 and BLDG 2 instead of all the BLDG zones.
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Prompts
Label area names (<Yes>/N0)? Press Enter
Text height <4.0>: Press Enter
Areaname<Areal>: BLDG1
Select area perimeter polylines.
Select objects: pick the zone polyline for this name
Specify another area (<Yes>/No)? N

Pull-Down Menu L ocation: Site
Prerequisite: zone polylines

K eyboard Command: plname
File Name: \Isp\plname.lsp

Calculate Earthwork

Function
This command cal cul ates earthwork cut and fill between two grid files while adjusting for top
soil removal/replacement and differentials in zones. Grids files representing the base and final
surfaces must be created by Make 3D Grid File before starting this command. Also the zones
must be predefined by the Define Earthwork Zones command which creates a zone definition
file that specifies the zone differential and layer.

Top soil removal/replacement is applied to the base grid before calculating the remaining
earthwork.

Zone areas are defined by a closed 2D polyline in the layer of the corresponding to the zone
definition file. The zone differentials within each zone area are applied to the final grid. Inthe
example on the following page, ROAD 1 is a closed polyline drawn in the layer P-ROAD14
which hasazonedefinitionwithadifferential of -1.17. Thefinal grid elevationswithintheROAD
1 polyline will be lowered by 1.17. Roads 2-6 are in alayer P-ROADS8 with a differential of -
0.67.

After adjusting the base and final grid surfaces, the earthwork is calculated between the grids.
The volume within each zoneis cal culated and reported separately. The areathat isnot in azone
is reported as the Base volume.

Prompts
Select Base Grid File dialog
Choose the base surface .GRD file.
Select Final Grid File dialog
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Choosethefina surface.GRD file.

Select the Inclusion perimeter polylines or Enter for none:

Select abjects: pick inclusion polylines such as the limits of disturbed area. These polylines
apply to the overall site.

Select the Exclusion perimeter polylines or Enter for none:

Select objects: pick exclusion polylines if any

Fill shrinkage factor <1.0>: Press Enter

Cut swell factor <1.0>: Press Enter

Select the Zones polylines or Enter for none:

Select objects: pick the zone closed polylines if any

Enter the top soil removal depth in fill <0.0>: 0.5

Enter the top soil removal depth in cut <0.5>: 0.5

Apply top soil removal to entire site (<Yes>/N0)? Press Enter. Answer no to choose
inclusion and/or exclusion polylines for top soil removal.

Enter the top soil replacement depth in fill <0.0>: Press Enter

Enter the top soil replacement depth in cut <0.0>: Press Enter

Create tabluar report (<Yes>/No)? Press Enter. This option controls the format for the
report.

Write zone modified grid files (Yes/<N0>)? Press Enter. Use this option to create grid files
that show the modifications. The base grid will have the top soil adjustments and the final grid
will have the zone differentials.
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Zone Volume Report
Comparing GRiD file: C:/scdev/data/EX10-23.GRD
and GRiD file: C:/scdev/data/PR10-23.GRD
Lower left grid corner : 11771871.78,6850458.48
Upper right grid corner: 11774321.78,6853448.48
X grid resolution: 245, Y grid resolution: 299
X grid cell size: 10.00, Y grid cell size: 10.00
Top Soil Removal Depth: for fill is 0.500, for cut is 0.500
Top Soil Removal Area is 1031385.35 S.F., Volume is 19099.73 C.Y.
Name Diff Cut (C.F.) Fill (C.F.) Area (S.F.) Length Cost
(C.Y.) (C.Y.) (Acres)
Main Road Road 1 -1.170 221204.30 45689.84 62721.48 3920.54
$62376.52
8192.75 1692.22 1.44
Side Roads Road 2 -0.670 16661.99 1166.47 11489.26 748.06
$6543.13
617.11 43.20 0.26
Side Roads Road 3 -0.670 7586.22 74932 .54 12106.25 817.10
56894 .51
280.97 2775.28 0.28
Side Roads Road 4 -0.670 48293.64 0.00 9597.66 591.72
$5465.87
1788.65 0.00 0.22
Side Roads Road 5 -0.670 8541.28 34589.47 8817.97 561.53
$5021.83
316.34 1281.09 0.20
Side Roads Road 6 -0.670 11209.97 18814.02 15500.00 1094 .86
$8827.25
415.18 696.82 0.36
Base 1035124.57 2077552.12 910833.59
38337.95 76946 .37 20.91
Total 1348621.96 2252744.45 1031066.21
49948.96 83434.98 23.67
Total cost of zones: $95129.11

Pull-Down M enu L ocation: Site

Prerequisite: Zone definitions and closed polylines, and base and final grid files.
Keyboard Command: zonecalc

File Name: \Isp\zonecalc.Isp, \Isp\contour4.arx
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