Road

Tutorial for
Civil Applications

Version 10
Softree Technical Systems Inc.



Document Version - September 2, 2022

The software described in this document is furnished under a license agreement or non-disclosure agreement. The
software may be used or copied only in accordance with the terms of that agreement. No part of this manual may be
reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying and recording, for
any purpose other than the purchaser's personal use without the written permission of Softree Technical Systems Inc.

No warranty is expressed or implied as to the documented function or performance of the software described. The user of
the software is expected to make the final evaluation of the results in the context of his /her own application.

Copyright Softree Technical Systems Inc. 2022. All rights reserved.

Trade Marks
Microsoft Windows 7, 8, 10, 11, Microsoft Word, and Microsoft Excel are trademarks of Microsoft Corporation
Terrain Tools® and RoadEng® are registered trademarks of Softree Technical Systems Inc.

((Softree

Engineering an Easier Way

Suite 215 - 1000 Roosevelt Crescent
North Vancouver, BC
Canada V7P 3R4



Table of Contents

1.

GETTING STARTED .........cccuueeeeeeunnennncnnnnnennnnennnnannanamnanansanamsans s mns s mssmsmnsmssssmssssmssnsnnsannsnnnnnnnsnnnnnnnnnnns 7
LTS = 1= oo 7
[DToTed0 ] /0= ) €= USRI 7
DON't SAVE FileS (IN MOST CASES) ..uvviiiiuuiriiiiiieiitiesiistessiseeesssse e e s seeesssseeaasteeessseeessaseeseaste e s sseeaaassesaasseeessseee s sneeasssenans 8
DT30S TR= o N =)o T RPN 8
LT gL 0] T T 0T o1 RSP 8
(00T T g TS 1= o USSP PRPRRPRPRN 9
LI L0 =TI T 9
SCIrEEN LAYOULS .oiiuucirremrrissssssmmssssssissmsssssssisssssnsmsssssss snsmsssssss nsmssssssssnsssasnssssssss snsmseessss snsmensnmnssssnsssnmsnsssnssas 9
L0700 1Y7=T a1 U] oL PSPPI 11
FUNCTIONAL OVERVIEW..........cooeemeicecerensesssssssssssssssssss s s s s s s ss s s s ss s s s s s s nsse s e e nenesne s esnessnneseenesenensnnsnsnnnnsn 12
SUNVEY/MapP MOQUIE .......ciirerrisimrrsmrrisss s esssrs s s ssms s s s s s ms e s s sssmmsssas e s snsnsmsesss e e s mnnn s e e s smnnnsmenssannnss 12
B =T .= 11T 1 (o T L=, 13
Typical RoadEng Workflow for Designing @ RO ........cccceeiraeraceeserreeeer e e eescessmesesesees e s e eme s 14
IMPORTING ASCIHI SURVEY FILES ..........cootimeciiiisiinnnmmsss s sesn s snnss s sss s s s nnmnnmssssssssssnnnsmmnssssssssnns 15
F N Y 010> T I = TN | = 15
Setting Up an IMport FOrMAL ......ccoiiiimnirmissmnissmsnisssissms s sssssssssmsssssss s ssssmssssss sasmssssssssssssnssnsssnssssnsans 16
CREATING A DTM WITH CONTOURS .........ceeceeeeceeeecemnecamnenemnanemsmns s mns s ns s s s s s s s s s s s s s s mnnnnmnnnnnnnnnnsnnns 23
L0701 (oYU @RS o= ToT 1 To7=1 1 o] o N 24
L0 1= I g = T = = 26
MOVING AROUND IN THE PLAN WINDOW ........ccoiiiiiiiiimncesssissnnssmmsss s ses e s mnsmmssssssssesnnsmmnnsssnsssenns 28
Selecting Features With the MOUSE ... e 28
Z00MING @NA PANNING......cecoeieiirier et reee et ssss s ss s s me e s e seme e m s me s e saes s menemn e s smennns 29
MOVING AROUND INTHE 3D WINDOW........cooiieiiiiciiisssss s s s s s se s s ss s se s s s ssssesessssessssessnssssnnsnsnnsnsnnsnsnnsnnnnss 32
ROTAING the 3D IM@AEE .. eneeieeee et e e s s s e s e e e esae e e ae s smee s e neeemn e s aneeeneennnennesnean 32
1T AT g To (0N A @) o o U SP 33
FINDING / REPAIRING DTM PROBLEMS .......cccoceiiiiiicisirss s ss s s s s s s s s s s s s s s s s e s s s sss s ses s sessssessnsns snnsnsnnsn s 35
Removing a Bad Point From the Model ... sissmsisss s smssssssss s sssssssmsssss e 35
Defining Bre@kliNes ......cucceicmissimsmmsesississs s s s s smss s s s nsssss s snsmssns s s ss s samsssms sunsnns 36
CREATING BREAKLINES. ........cccoouiiiiiimirimess s see s s snnms s ss e s s s mmnss s se s s nsnnnmmssssssssnnnnnnnsssssssssensnnnnn 38
Selecting Features DY NaME ... e e em e s e s s s e e e ene e e 39
Joining Points to Create @ POIYIINE FEATUIE.. ..ottt e ne s 40
Modifying FEatUre FOrMEaTHING ....cocieeieiee et s n e s e e e eae e emn e e ne e e mne s nne s 40
Creating @ NEW FEATUIE ... e e ecr e e rne s e e e e s eme e e e menens 42
Drawing With the MOUSE .....ccciceiiinimnsniinisisneinms s s s s s s s sre s 43
WORKING WITHLIDAR ... .o cir s srs s sssss s sssssessesssses s ses s e e e sn s s s e s s s s s s s s s s s s 46
Size and Accuracy CoNSIAEratioNS.......ucoeuurrrissmsssssssssmsssnssssssssssssssssssmssssssssssmsessasssssmsssamsesssns s smnssnsnss 46
Importing LIDAR iN ASCIH fOFM@AL ...coeoieeieeieeeeece e see e e e ersces e e s ee e ces e s e ses s e s e s e e s emeseme e memes 46

Setting up a Linear Corridor FEAtUIE .......ciuiverriccirirnssiceemtesssessscmnesses s e eesssssssmessmmsessses snsmenens e snsmennnns 47



10.

11.

12.

13.

14.

15.

16.
17.

18.

NEW LOCATION DESIGN .....cccciuummemnnrsiisisssmmnnssnssasssssssmsnsssssassssssssmsnss nssssssnnnnsnns nsnsssnnnnsnnnessnnssnsnnnes 55
Horizontal AlISNMENT......coc et rn e e e e e m e s e nn e 57
B Lo T g T o oY g = I 01T T Y 60
VERTICAL ALIGNIMENT ......ccttiiiimmrrissnnssmassnssnssssnss s sassnss s s ssmss s sassmss s nasssns s nasssns e snssnnensnssnnensnssnnennsnns 63
AdAING VErtiCAl CUIVES ...ceiiieiiinisssmsssmsssssmsssssssss s sssmss s s smsssnsssssss s ssmsssms s e sssnss s s smssmmns e snsnsnns nns e sesnmnns 64
CROSS SECTION TEMPLATES - INTRODUCTION ........ccerrisiummrmsssmnsensssnnssmssssnsssmsssnnsesnssnssnsnssansensssnnsnns 67

B = 0] o] = 1 =8 = 11 o 67
T aaT o1 E= L G (0] 01T =SSP 67
Creating and Deleting TEMPIATES ......oi i e e se e s e e e e s sne e s e e sne e e e e sneennnenan 68

TEMPIAte COMPONENTS. .iitirrrmririiinrerrssssrrrrasssnnsesssnssssesssmsessasasnses s nssseesssssesasamnter s aaasesssmssesnsasns e sasnnnseen 69
Template CoOMPONENT PrOPEITIES. ...uui i icieieitie sttt st r s st e e e s e e e s ssbe e e s sae e e e e s ee e s sseseaseeasanseeessseeesasneeanseeannsnen 69
Working with Components
QI = I o = Y SRRt

VOLUMES & MASS HAUL .......ccoiiiciiiicessss s s s s s s s s s s s s e s s s s s s s s s e s s s se s s s s e s seses e ses e s sn s sns s s s sn s s snnnnnsnas 76
Displaying Cut and Fill Volumes in Data Table.......cccccouummnimmmmssnissmrmmsssnisssssssmssssssssssmssssses sssmssssmsssssnsss 76

Displaying @ Mass Haul Graph.......ccccoicoieomeeeeseremeeses e rsssems e smesseeese s sesemmessmes s semssees s ensmessmesns sesneas 78
ALIGNMENT DESIGN AND VOLUME BALANCING.......ccoummmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmsmsssssssssm s snssnsn s 83
Alignment DeSIZN ODJECHIVES .......cicorieeireieeceeeererereerree e remmes s e s ee s eme e e meseme s nese s meme e e smenenneenseemeean 83

Softree Optimal DESIgN TOOIS .....ccicerirerismmsmmsis s s s sam s m s sms e s n s sme e 87
DESIZN TIME COSTING . .euteeeeieneerieerreeereeerre s e e e e s e s e e e e e e e s ase s s e e s ee s an e e sn e e seesan e e ne e easeeaae e emne s neeemneeaneeaneesaneenneeneas
Optimal Haul Calculation
SMAN PitS ..o
(0T8T 2 00 1R

L0 1 92

Design Time COStiNg EXaMPIE.....icuisirrresimnsmisissienismsssmsssmssssssssn s s smssmsss s ssssssan e s smsssmssssnssss sss snms s smss 92
AlIZNMENT ProPertieS PANEI .....uiiieiiiiiiieicctiee ettt e e s ae et s et s s s e e e s e e e e se e e e s ae e e easeeaenteeesnsaeesasneesnnneesennnnn 92
Project Explorer Tree
Information Area...............

Cost Reporting.....ccccceeenee
Cost Parameters...............
[0 o1 g = 1 o = 10 SO

831 N o
SETTING UP A SCREEN LAYOUT ......cummmimimiiiiissmmsnsnsssssssssssmsss s nnsssssssssssss snnsssssssssssns snsnsssnnnnsnsnsnnnsssn 104
SCreen LaYOUL FACLS .....cccceeeiriiee e e e emes s e s e e e s e s sme s ee e s ee e e s e s enneme s eme e mmn s e s annans 106
HORIZONTAL CURVE DETAILS ......coooiiiiiinnmsinsnniasissmssss s snsasssssssms s s s s s snmssms s s snsssnnsnsssnns snnnsnnnnes 107
L= 1 = T T 107

Horizontal CUrve PanEl ........ucceiiiiimisninnssssssmsssssssms s ssssssssmssssssssssss sssmsssssss snsmsssssssss smsssnss ssssns semmnssssnssns 109
Radius, Desigh Speed and SUPEIr-ElEVATION.......coi ittt e e e e e e e e e nee e s eane e s eneeeeas 110
Super-elevation Table Facts
Road Class SPecCifiCatioNS. .....ccueeeeireeieeee e
[0V I = T 4TS 1T TSP PR TSP
Transition Fraction ...........
Tangent Runout Length ...
L0 LY=L T =T o T o R

VIEWINE CUIVE TraNSIHiONS ....ciriecseisieersscnrisessssmtssssssssmessmsssssssssamsssssss ssmsssases sssnsssamsssssssasmmsessses samsesnmsns
CUIVE TranSITION OVEIIAD . .eei e eieeetteeeieee et e et e e s esee e ee e e s st e e e e et e s e see e e seeesaaeeesaneeeeanseeeaneeaaanseeaanseeseanneeaaaneesaannen



19.

20.

21.

22,

23.

24.

25.

26.

VERTICAL CURVE DETAILS.........oooieiiiisiniinmccss s see s nmnssmss s ss e s snsmmsssssssssennsnnnmnsssssssssnnnnnnsnnnns 119
AULOMELIC CUINVALTUIE ... cieeeieiccereciriss s sssmeeese s s e s s smmn s s se s s smme e eme e s smee s sme e e sas e e me e e e e e mnnass e e e sn e me e nnnn 119

[T 10T N LSOO PP 120

[ 0T 24T =T g P 1 PPN 120
Editing VIPS With the CUIVe PanEl............coeoeiieeecee i s s 121
MATERIALS AND STRIPPING.......cccceciiiiiiieiisssssssssssssssssssssss s sssssssss s sssssss s sessessssssssssssnsnssnnsnsnnsnsnnsns 123
Defining SUD-SUMACE LAYEIS ....uivursmrsmnsmssenissnissnmsmsssmssssnssssssssssmsssmsssssssssssss ssss s snmssssns ssnsns snss snsmsnsns 123
010 011 - 125
Using Materials to CONtrol TEMPIAtES......ccveciriviereieiricerrscmer e sssmeesees s e ss s s e e s e e sme e me s e e e nnas 127
TEMPLATE ASSIGNIMENTS........coucueusernsessesssssssssessessessssessesssssesssssssessesssssssssssssssns st sssssssssssssssssns 130
Assigning a Roadside Barrier to @ Range of Stations .......ccecreereeminme s re e e 130

Creating @ NEW TeMPIATE. .. i re e e n e e s e e s e e e se e se e e ene e smne e ne e enneeannn 130
P T Fod YT Y o g L= =T 0] ] = SN 131
TEMPLATE PARAMETER OVERRIDES..........oceciiiiiiiiniccsessissse s nnmnssm s s e nnnmmass s seesssnnmsssnssnsnns 133

Creating @ TUMMING LANE...ciciieeee ettt st s e sr e s e e st e s et e s e e e ae e s s e e eae e eane e eae e s st e snnesseseneasneennnes 133
TEMPLATES - DISPLAY AND REPORTING ........ccooiiiimimmimimmirisisssssssssssssssssessssessssssssssssnssnsnssnssn s nnnnas 136

10T = o] TR 136

[0 e =S OSSPSR PR TSP 136
Display and Reporting of Template Layers .......ccccrinimmmmrmissssissmsmissnsisssssssssssssssssssesssss snsmssssses snsnsasas 136

FOrmMatting TEMIPIATE LAYEIS ..coueeeiiieee ettt st se et se et s e e sae e e e e eae e sase s s eesneenneesneesneennne 136
Display and Reporting of DitCh LiNES......uccrumrmismmsssmsmsssmsssnssssnsssssnsssssssssssssssssssssssssssssssssssssssnssssnsaes 139

Reporting template POINT COUES ...t e e e sae e e e s eae e e s s e e e e e see e e e neeesaneeeeanreeeenns 139
CULVERTS ... iiiiiieciiiisiirnniemss s e s e s mmss s se e s e snnmm s ses s e e AR mRERS SRS SEERRSRRRRSSERRS SN RRRRRRRRSSRRRSRRRRRRRRRS 144
Changing Fill MAterial ..... .o ioeee e eer e e e e s e s s seme e e s e e s e meme e e enme e srneemememmeesmennn 147
LABELS ..ottt si i srrmmass s e r s s smmas s see s e s anmmmas SR eee e e R RRRRRRRERR RS ERRRRRRRRRRRRRREERRRRRRRRRRRRRRRRRS 149
LaDEI ClASSES...cicmiermiriseriamirissessssmerans s seseessmme e s sesssmmeesns e sasnensms e sase e amme e es e e e amne s ms e e smeesme e en e e e ame e e nns 149

Class Label FOrME@THING ....oooeeiieieieeeeeeer e e e s e s e e eeae e smn e e s e e e e e e ane e s e e s neesmneenees 149
User Definable Labels.......ccuuirciiiiesericicisessnssce st nssse s s e s s s s e s smmn s s sn s smmn e ssn s sasmeneme e sasmensmmnessssasn 156
Point Label FOrMAattiNg ......coeeeiriiiieeeriei et e e s s s s e s m e e s 159

Editing Labels With the IMOUSE........coceiiie e n e s eme e s e e s ne e s e e e e smnenneennns 159

Floating Labels

Profile SUD VIEW LADEIS. ...ttt ettt et e et et e et e e s e s e e e s nee e e ne e e e aneeeeenneeeenneeaaseeeannn 162
MULTI-PLOT REPORT BUILDER............cccoiimiimmeneiisiiennnnnss s sss s s s snmmmss s ssse s s n s mnmmssssssssnnnnnnmnssnssssnnns 165
LV LT (o o Yo [ T o o T o P 165

Creating and POSITIONING SUD-VIEWS .......oiiiiiiieiienieesieeeee st s sae s s e e e e e e sr s e e s e e s sne s 165

Configuring Your Page Size

L0 ) 7= TP =0 TU O =T o =Y SR

AdAING GraphiC SUD-VIEWS ...iiueiiieiiiei it st ss sttt e s s e s s s e e e st e e s s ae e s e sae e s ae e e aanseeansseee s saeeeesseeesasseesssneeannnseeenas

[T 100 4T =S

Adding a Scale Bar......ccccceeevcieeiciieeninen

Adding Rectangle Sub-View Items

MUIE-PIOT Plan ROTATION ...ttt st st s s ae e e s e ene e s s e sne e s e e sneesanesneennne
Y UYL o o 7 F- o1 =T ¢ S

Copy and Paste of Multi-Plot Items

Add a Legend......cccoceeeveenieenceeeiee e

Add a Curve Table ......cccvvveecerccenceereee

SAVING LAYOULS ..ueeiiieeieeseeeeiee st e st e e s st se e st st e st s st e s e e e sae e s as e s ese e s ane e aseesaseaneeseesaseesaneeneesareeaseesnneeaneenasennneanann



217.

28.

29.

FIXED SECTION EDITOR..........coomeeiiiiiiininimess s e e s s nnss s se s s s snmmm s ssse s an s mmmmn s s s s s nsnnnmmssnssssnnns 180
Editing Layer of INdividual CroSS SECHIONS: ..c...uiiciiriiriieeeieeeee e e e s sse s see s sne e sneesreneneesnee 181
Fixed Section Volume CalCulationS.....ucuerrimmmsssisseisssmsasnsmsssnisssssssssss s ssssssssssssss e sssmsssns ssnsss snsssas 182
LD (0 N = =TSP PRRNS 183
AS-BUILT VOLUME CALCULATIONS .......coiiiiimeeeiisisnnnnnsssssssssssesnnmnmsssssssssesnsnnmmsssssssssnnsnnmnssnssssnnns 185
Setup of AliIgnMeNtSs @nd SUIACES ......cooieiiieier e e e emme e s e e e e 185
FINAING VOIUME REPOIMING EFTOIS. ...ciieieee e e e e e s s emn e s e e s neesn e e mn e smnenneeenns 194

AdjUuSting AS-DUIIE SUIMACES .....iviiierriririermsseesstnrssessssms s ssessssms s e s s s e e s smssesssesssms semmnssssnssssmessnsns susnensnns
Creating FiXed CroSS SECLIONS .....uiiiiiiieiciieseite e et s st s s see e s et e s e s e s e ase e e sase e e e et eeeesaeesabaeeaaanseeeasseesssneeannseensasnen
Editing Layer POIYIINES ......c.cocverierieeeeeeeeereeeeees
Using a Layer Operation
Using Layer Operations to Limit Horizontal Extent

CREATING A COMPOSITE SURFACE
EXpOorting DeSIZNed SUIMACES .....ceeeeeeeeeceee e e e e s e e e eene s s s e e se e s seseme e eemmenns seeeemsmeme e mennen

Merging Terrains

lterative Alignment Design



1. Getting Started

This manual is formatted as a hands-on tutorial, which can be used by novice or experienced users.
Step-by-step examples use prepared documents and data files to illustrate tools needed for common
RoadEng® tasks. The document is set out as if you were doing a road design project from original
ground survey to completed construction documents.

The tutorial files referred to in the following examples can be installed from Softree’s Support web
site:

e Go to the Support-Documentation Updates page on Softree’s web site:
https://support.softree.com/product-updates/Documentation-Tutorials.

o Once SoftreeTutorials.exe has been successfully downloaded.

e <Double-clic>k on the file to begin installation.

During the installation you will be prompted to select which content to install, we recommend
installing all the available tutorial options.

Documents

The tutorial files (data sets) will be installed in the folder below by default:

C:\Users\Public\Documents\softree\TrainingV10\RoadEngCivil

We will refer to this folder as <RoadEngCivil> in the examples below. It is possible to change this
folder at install time; you can also copy it to a new location afterwards if you wish.

Recommendation: To make accessing files easier as you work through the tutorial, we suggest pinning
the <RoadEngCivil> folder to your Quick Access menu. To do so, open Windows Explorer, navigate to the
folder RoadEngCivil. Right-click on the folder, select “Pin to Quick Access”. This will now make the folder
available on the left-hand side of Windows Explorer (see figure below).

[ M B - | Trainingv1o

File Home Share View 9
4 T Cut X Y T New item ~ \; Open - [ selectan
b, | 5
_j Wi Copy path ¥ ] Easy actess = o] Edit | Select none
Pinto Quick Copy Paste Move Copy Delete Rename Mew Properties _ = ;
access (7] Paste shortcut to ta - folder - & History 57 Invert selection
Clipboard Qrganise New Open Select
€« v <« Users » Public » Public Documents » Softree » Trainingv10 v | O * search Training¥10
s Name Date modified Type Size
s Quick access
RoadEngCivil 0 PM  File folder
I Desktop g i
RoadEngResource File folder
¥ Network
SoftreeOptimal VI File folder
w;: Downloads Survey A File folder
L=/ Documents g Terrain M File folder
| Pictures
TrainingV10
Documentation il S g
3 items State:aihared =

Figure 1-1: Quick Access in Windows Explorer



Don’t Save Files (in most cases)

Most of the following examples end with the phrase: “... do not save changes”. If you modify the
tutorial files, they will no longer work with the steps in the exercise; this will prevent you, or someone
else, coming back and doing the exercise again.

If a file gets modified, delete the files in the training folder. Then re-install the tutorial files (per the
original steps).

C:\Users\Public\Documents\softree\TrainingV10\RoadEngCivil
Defaults and Layouts
The setup and layout files are stored the folder below by default:

C:\ProgramData\Softree\RoadEng

It is possible to change this folder, so we will refer to it as <Defaults and Layouts> in the examples
below. A folder containing training specific files has also been added to this location:

<Defaults and Layouts>\

Note: You can always determine the actual <Defaults and Layouts> folder by running the Terrain
Module, selecting menu Setup | Location Setup | Install tab.

Function Groups

RoadEng® and Terrain Tools® products have certain features; we classify these optional features by
function group.

To view the features enabled with your license:
1. Select Setup | Module Setup and click on the General tab.

2. Click on the Menus... to open the Menu Customization Dialogue box.



Menu Customization >

Funiction Groups:

Culvert Editar

Auto Balance

Sub-surfaces
Profile Sub-windows

Basic curves

LN U N NN

Advanced Curves bt

Cancel

Figure 1-2: Function Groups Displayed in the Menu Customisation Dialogue

Note: Specific function groups are required to do certain examples

All required function groups are listed prior to each example in this manual. If you do not have
permission to use all the required function groups, you may wish to skip the example. Also note that
some function groups may be disabled even if you have permission to use them - this is so users with a
lesser license can still do the example.

On-line Help

Help information is available by choosing the Help menu or pressing <F1> on your keyboard. The
On-line Help includes detailed technical information about menus, dialogue boxes, and operation of
the program. It may be useful to refer to the On-line Help while working through the examples in this
manual.

Additional help is available through the Softree Knowledge Base:

https://www.support.softree.com/knowledge-base

Tutorial Units

Most examples in this tutorial are in Imperial Units (feet). To correctly follow the examples, ensure
Imperial (ft) units are enabled in the Setup |Setup Module Setup | Units tab | Units: Imperial (ft). If
other units are used, they will be specified at the start of the example. The procedures and concepts
described apply to all unit systems.

Screen layouts are small files that save display options (window positions, labels, scales etc). Many
of the examples in this training manual include a step to retrieve a screen layout; this change
provides multiple view options in one quick step.

A screen layout in Terrain Module has the file extension (.ilt). A screen layout in Location has the file
extension (.dlt).



The screen layout drop-down control can be found in the Standard toolbar in all modules (figure
below), View | Screen Layout:

l:] normal, dit b r'l"g Save
i Retrieve
H € Delete ||
Screen Layout |
Figure 1-3: Accessing Screen Layouts Group

With the drop-down expanded, you can:

e <Right-click> on a screen layout in the Screen Layouts tool bar item to:
o Change Properties
o Delete
o Copy
o Save

e <Right-click> on a folder (Softree or Custom) in the Screen Layouts tool bar item to:
o Change properties (only the Custom folder can be changed here)
o Paste a screen layout that was recently copied
o Save new layout (define name and description)

The Custom folder is often defined on a network drive so that the layouts are accessible to all users.

e The Save screen layout button B allows you to save a screen layout anywhere but only
those in the Custom or Softree folders will appear in the Screen Layouts tool bar.

e The Retrieve screen layout button _ll allows you to open a screen layout file anywhere
including those in the Custom, Training or Softree folders.

e The Delete screen layout button 0 opens the screen layout folder where you can multiple
layouts to delete.

e You can change the Softree folder from the menu Module | Setup, Install tab. Do not do this
unless you understand the consequences; more than just screen layouts are stored in this
folder. The most common change is to put Settings and Layouts into your Documents folder
(private to one user only).

Note: Screen layouts were updated in Version 9. Softree recommends ‘updating’ any legacy user screen
layouts to update their behavior. Version 9 layouts work better when moved between monitors of
differing screen resolutions.

To ‘update’ your screen layouts:

If your legacy screen layout contains multi-plot information, please open your legacy screen layout in the
multi-plot window first:



Select Multi-Plot tab | Add New V¥ | Retrieve Other Layout. Select Multi-Plot Old Screen Layout (.dlt)
from the file type drop-down in the Retrieve Screen Layout Dialog. Select your legacy layout. Once open,
press Save Chapter in the Multi-Plot ribbon.

Conventions

The following conventions are used throughout the manual:

e Menu functions are delimited by an arrow “>”. % File > Open means to click on % Location
File button in the corner of the menu bar and then select Open from the drop-down menu.
Dialogue box control (like buttons) and heading names are italicized.

e The symbols <> contain keyboard functions. For example, [shift-enter] means: hold down the
Shift key and press the Enter key.

e File names and path names are bold.



2. Functional Overview

Softree software solutions are sold as modular products. Depending on the product you have
purchased, it could include up to three modules:

1. Survey/Map (available in RoadEng Forest Engineer)

2. Terrain
3. Location
™ ~
oy Sart=
& Sy S - -
Paper survey notes A 4 Digital survey Syaé
> information -B
Terrain Field iPad su rvey / M a p
app Notes M d | - !;
oduie /
¥
D:g/talsum’
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DWG, LandXML, Paper,
PDF, SHP, image +
.
Terrain
Module

Softree_O_ptimal_ ST
(add-on within Location) DWG, LandXML,
Earthwork & cost : Paper, PDF +
aptinizaton Location

Module

Figure 2-1: Relationship Between the Modules

Each of the modules can be started from the Windows Start menu, a desktop shortcut or from the
Setup tab within either of the other modules.

This module is used primarily to type paper survey notes into the computer. The Survey /Map Module
is included with, but installed as a desktop shortcut, with RoadEng Civil Engineer software version.

In the Survey/Map Module, azimuths, distances and slopes are entered and reduced to coordinates.
Facilities exist to add perpendicular side shots to a traverse so that a ground terrain, suitable for a
road design, can be easily captured with basic survey instruments.

Survey/Map also contains tools for adjusting traverses with respect to each other or to known
coordinates.



The Terrain Module provides basic CAD facilities for assembling and manipulating 2D and 3D points
and features. Information can be imported from external sources like survey files, CAD files and
image files. Three dimensional coordinates can be incorporated into a digital terrain model (DTM).

DTMs can be used for:
e Contour generation
e Section and profile display
e Volume calculations
e Pad, pit and site design (grading)
e 3D viewing
e QOriginal ground for road design (Location module)

The Terrain module is also a capable mapping tool with control of line types, colors, symbols,
hatching and labelling styles.

This is the module used to design road alighments. Location requires an original ground terrain
(provided by the Survey/Map and/or Terrain modules). The designer controls cross section
templates, alignment location and curves. Location provides real time feedback of volumes, mass
haul, road footprint, cross sections, grades, etc.

Location can also export designed surfaces back to the terrain module where they can be merged
into a composite surface. This is the most common way to prepare the original ground for an
intersection design.

This add-on (function group) is available within the Location Module with a valid Softree Optimal
license. Softree Optimal is a patented alignment optimization tool, generating the lowest cost vertical
alignment based on the ground surface, the preliminary horizontal alignment, and the design
parameters and constraints entered by the user.



The Terrain module is used to import and verify survey data of existing conditions. Possible
data sources include total station (XYZ files), LIDAR, or GIS maps (shape, dwg, dgn etc.).

Using the Terrain module, break-lines and other linear features are identified and
connected. ATIN (Triangular Irregular Network) surface representing original ground (0OG) is
created. The resulting linework and TIN surface is saved in a *.TERX file. NOTE: it may be
useful to create several terrain files (e.g. one with the TIN model and one with planimetric
linework).

A new design is created in the Location module, based on an OG surface (.TERX file from
step 2).

The road cross section is created or adjusted using the Template Editor.

A horizontal alignment is created or adjusted using the mouse or explicitly in the Horizontal
Alignment Panel.

A vertical alignment is created or adjusted using the mouse or explicitly in the Vertical
Alignment Panel. Vertical optimization (Softree Optimal) can also be used in this step.

Steps 4-6 are repeated until the designer is satisfied with the result. In addition to Plan,
Profile and Cross Section views, various reporting tools provide the designer with feedback.
This includes volumes, mass haul diagram, and cost reporting.

Construction documentation is prepared using the Multi-Plot window. This documentation is
printed directly or exported to CAD (*.dwg).

LandXML or ASCII files can be saved for construction staking.



3. Importing ASCII Survey Files

The Terrain Module will accept a variety of different ASCII files by allowing the user to configure the
import format. This example illustrates the use of the import functions to read a topographic survey
file created by a total station data collector.

Note: section for file install folders ([RoadEngCivil] and <Defaults and Layouts>).

The file (excerpt below) consists of a sequence number, X, Y, Z and code separated by tabs.

1 329591.7666 2195715.037 1172.736 SPOT
2 329570.0566 2195516.997 1158.295 PP

3 329625.9166 2195555.797 1159.534 SPOT
4 329573.4966 2195594.317 1161.31 SPOT
5 329552.9966 2195554.887 1160.682 SPOT
6 329561.9466 2195602.537 1164.661 SPOT
7 329531.5866 2195563.567 1166.9 SPOT
8 329527.9066 2195628.777 1177.279 SPOT
9 329500.6266 2195578.507 1177.822 SPOT
10 329482.4666 2195641.327 1190.244 SPOT
11 329456.7666 2195598.247 1192.141 SPOT
12 329433.7266 2195654.027 1204.384 SPOT
13 329407.6066 2195614.587 1206.786 SPOT
14 329396.5866 2195673.697 1216.893 SPOT
15 329374.2266 2195630.877 1218.22 SPOT
16 329347.4766 2195697.547 1231.632 SPOT
17 329321.3566 2195653.237 1235.406 SPOT
18 329296.9066 2195704.397 1242.378 SPOT
19 329276.1266 2195665.097 1244.316 SPOT
20 329247.7166 2195711.457 1248.812 SPOT

Figure 3-1: Excerpt from Surveyl.txt



10. Open the Terrain Module.

11. Setup | Module Setup | Units tab, Units: Imperial (ft). The import software cannot detect
units from the information in an ASCII file.

12. Click on the Import tab | Open... button. Browse to find the import options file
<SettingsLayouts>\Training\training Normal.iop. Press Open to read the file.
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Figure 3-2: Opening an Import/Export Format File from Terrain Setup

Note: .iop files contains the format for types of files that can be imported into Terrain. This format is

necessary for importing files such as data from total stations, LIDAR, and so on.

The Open... button

replaces all the.iop formats in the list of the Terrain Setup Import tab and the Merge... button adds to the
list of all the importable file formats.

13. Now will create a new ASCII import format. Select the format called “ASCII (x,y,z,code)”, then
press Add... button to open the Define New File Format Options dialogue as shown in the
figure below.

Define Mew File Format Options

Options

Description: | Mew ASCII|

Option Type: | ASCII text file v

Details. ..

Cancel

Figure 3-3: Define New File Format Options Dialogue Box



Note: When you create a new import format, it will initially be a copy of the one selected when you press
the Add... (“ASCII (x,y,z,code)” in this case).

14. Within the open dialogue box type “New ASCII” in the Description field and then click on
Details... button to open the next ‘Import ASCIl Options Dialogue’ box shown below.

Import ASCIl Options X

Structure  Code  Test

Description: | New ASCII |

Fields Coordinate Format
@ Delirited O Fixed Width ®x/Y Kt b
{=/- Degs Mina:Secs eg +522272
. Dec. Valuels)
Deimiteris): | TAB or COMMA w944
Skip Chars: |CR.LF ~ 13.10
Headings
Hof lines to skip: E’
Column Assignments Advanced
Feature  rommert

Code  Name Atributes

X ¥ 7
PE EE (8 BE FE BE T
Note: enter O f field is not used. ‘ . -
Features...

Y | %1 Z1FRr.Name "Code® “Comment” Mtributes. .

Cancel Help

Figure 3-4: Import ASCII Options Dialogue Box - Structure Tab

The Import ASCII Options dialogue box allows you to describe the format of external files. Several
options are available to identify, select and format incoming coordinate data. Detailed descriptions
of the options in this dialogue box are available by pressing <F1>.

15. Change the Column Assignments in the dialogue box to match the figure above (X=3, Y=2,
Z=4, Code=5, Feature Name=5 and Comment=5). Our file contains [point #, Y, X, Z, code] in
each line.

You have now set up the import format to read data from the correct columns in the file.
16. On the top of the Import ASCII Options dialogue box with the Structure tab selected. Press
the Features... button in the Advanced section on the lower right.

17. Ensure Identify Features by Code (recommended) is selected. The dialogue shown in the
figure next page.
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Figure 3-5: Feature Detection Method Dialogue Box

Note: The dialogue box above allows you to limit the length of polyline features by defining a termination
character to be found in the point code. An exclamation point, “!”, is defined as the termination
character in the Feature Detection Method dialogue box.

If you refer to the Surveyl.txt (see figure at start of this exercise), you will see many of the point codes
end with “1”; this means that a connected feature breaks after this point and a new feature will be
created when the next point of this type is encountered. The EP polyline code (defined above) will import
as two breaklines (left and right) because of a strategically placed “!” in the survey point codes.

18. Press OK to exit the Feature Detection Method dialogue box.

Within the existing dialogue box’s Code tab (figure next page). Here you can assign properties,
symbols and line-types to the incoming points. For example, when importing survey data you may can
to connect center line or edge of road points.
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Figure 3-6: Import ASCII Options Dialogue — Code tab

19. Within the Import ASCII Options dialogue box select the Code tab. Change your default code
properties to match those shown in the above figure; 3D points with a black cross symbol.

20. Press Open..., within the Import ASCII Options dialogue and select
<RoadEngCivil>\ASCII Import\surveyl.txt. This will extract all the codes found in the file.
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Figure 3-7: Opening file Surveyl.txt

21. Select CONTROL code found in the codes list. Note that the options initially are the same as
DEFAULT. Make the following changes:

o Color: navy
o Symbol: Circle /w Cross



22. Select EP (Edge Pavement) in the code list and type in * beside EP, eg. ‘EP*’, in the Code
Name. The “*” is a wild card - any code starting with “EP” will fall into this category. Make
the following changes:

Type: Polyline

Feature Creation: Connect All by Code
Breakline: Yes

Color: blue

Symbol: None

O O O O O

Points with the EP code will be connected (in the order found in the file) and made into a blue
breakline. The Connect All by Code property ensures that codes like EPL and EPR form separate
features even though they both fit the EP* specification.

23. Select code name CLP (Center Line Pavement) in the code list. Make the following changes:

o Type: Polyline

o Feature Creation: Connect All
o Breakline: Yes

o Color: red

o Line-type: 3-dash-dot

24. To test the specification, go to the Test tab (see Figure 3-8):

Import ASCIl Options b4

Stucture  Code | Test
| CUsers\PubliciDocuments\sofree\training T0\RoadEngCivilASTH ImporfiSurvey b
1 329591.7666 2195715037 1172736 SPOT
2 329570.0566 2195516.997 115829 PP New Feature
3 329625.9166 2195565797 1158534 SPOT —
4 339573 4965 2195594 317 116131 SPOT (=
: JH552 9066 2195554 887 1160 682
Feature Name
[
Record #
]
X ¥ z Cade Attribute  Commint ~
2195554 857000 529552 996600] 1160,682000 [seoT]
Open File Prav Record
OK Cancel Help

Figure 3-8: Import ASCIl Options Dialogue — Test tab
25. Click Open File and open <RoadEngCivil>\ASCIl Import\Survey1.txt.

26. Press Next Record several times. At the bottom of the dialogue box the values of X, Y, Z and
comment are displayed. Confirm that the incoming fields are being correctly interpreted; if
not return to the other tabs to modify the format.

27. When satisfied, press OK to return to the Terrain Setup dialogue box.



28. To save the new import specifications for future use Setup | Module Setup | Import tab |
Save As... button. Normally, you would choose Normal.lOP and write over it (to update your
default settings) - do this only if you are working on a computer used for tutorial or training,
otherwise save as new training.iop or press Cancel to avoid changing your defaults.

29. Press OK to close the Terrain Setup dialogue box. Now we’ll use the import format we’ve
created to open the survey data file.

30. @ File | Open. Change dropdown menu in lower right-hand corner to New ASCII (*.asc, *.txt,
*.csv) (at the bottom of the list). Open <RoadEngCivil>\ASCII Import\Surveyl.txt. You will be
presented with the Import Options dialogue box to allow last minute changes. Press OK to
import the file.

31. Softree Warning appears: “Incoming coordinate system and units are undefined. OK to
continue without conversion?” Click Continue.

32. 0n the View tab, click the Screen Layout dropdown. Find and expand the Training folder and
select training Normal.ilt from the dropdown menu. This will set up your options and
windows to look like the Figure 3-9.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

N~ 5 e BE QY ceR DB QR @ & Q @ r=oimsemsoim Ziouss | 299095

Figure 3-9: Plan Window after Importing Surveyl.txt.

Note: The right EP feature is selected (note the properties displayed in the status window). Also note that
there are many point codes that have not been formatted or connected to form breaklines. In the next
steps, we will re-read the same data with a prepared import format.

Turn on the feature labels:
33. <Right-click> in the Plan window, Select Feature(s), >All, <right-click> | select Modify
Selected Feature(s) | Labels...
34. <Double-click> on ‘Comments (at feature points)’ and ‘Feature Name’. Press OK.

To reduce the size of the labels:



35. Zoom in by scrolling with the mouse wheel until the label font size is smaller and readable.

36. Press the Scale Lock &. Now zoom out by rolling the wheel on the mouse. The labels will
remain the size of what they were when they were locked.

We will now open the same file, with more point codes defined:

37. @File | Open. Change Files of type to ASCII 2 (#.y.x.z.code).

38. Open <RoadEngCivil>\ASCII Import\Surveyl.txt. When prompted to save changes, choose
No.

39. This will open the Import Options dialogue; click on the Code tab to see the extra codes
defined - no changes are required. Press OK to import the file. Softree Warning message
hit Continue. Your options and windows to look like Figure 3-10.
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Figure 3-10: Surveyl.txt Imported with More Point Codes Defined

40. You may wish to select features with the mouse ¥ to see what properties are displayed in
the Status area. The status panel on the right hand of the display. To add more attributes,

press the < button at the bottom of the status window then press Add/Remove... button.
Select the features you would like to add or remove.

41. @ Fijle | New. Do not save changes.



4. Creating a DTM with Contours

In this exercise, you will open a file containing 3D data (imported in the Importing ASCII Survey Files
exercise) and create a Digital Terrain Model (DTM). You will also generate major and minor contour
lines.

Note: The digital model is represented by a Triangular Irregular Network (TIN); for this reason, menus,
documentation and help files often refer to a Digital Terrain Model as TIN model.

1. Open the Terrain Module 4.

2. @ File | Open <RoadEngCivil>\DTM\Topo 1.terx, as shown in the image below:
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Figure 4-1: Terrain file Topo 1.terx

3. Terrain Modeling | Generate TIN. This opens the Terrain Calculation dialogue box (figure
below).
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Figure 4-2: Digital Terrain Calculation Dialogue Box with
Both Major and Minor Contours Enabled.

4. Ensure the Labeling box is checked in the Major Contours tabs.

Note: Clicking on the Format button allows you to change the color and line type used for the contour
lines. Optional contour Smoothing (controlled by Thinning distance) rounds the corners where contours
cross triangle sides - smoothed contours do not match the model elevation exactly.

Default contour line types and colors are stored in the Normal.ilt screen layout. Any changes made after
a new document is created are saved with the document.

5. Click on the Major Contours tab and set the Interval: to 10 and check the Labeling box as
shown above.

The elevation Start should be set to 1150.

6. Click on the Minor Contours tab and set the Interval: to 2 and make sure Labeling box is
unchecked.

7. Press OK to generate both TIN and contours, as shown in the left side of the figure below:
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Figure 4-3: Contours Generated without Boundary or Length Limitation. Underlying Triangles Shown on Right

8. To display triangles in the model first delete the contours: Terrain Modelling | Delete TIN |
select Delete Contours box | OK. Then, <right-click> in plan view select Active Window (Plan)
Option...| Surface tab | check Triangle outlines box.

contour 110
100

105
115

109 110

Figure 4-4: Contour Formation from TIN model. Elevations between known Elevation Points are Interpolated.
Enabling Contour Smoothing causes Contours to be Less Angular



In this example, the triangles (and resulting contours) on the upper right and lower left of the model
are unrealistic - elevations are being interpolated between points very far apart. There are two ways
to prevent these unrealistic triangles:

e Create a boundary polygon (with property TIN boundary).

e Limit triangle length.

A boundary polygon will limit triangle formation to an area of interest - this can also be useful when
your data set is very large or when you wish to merge a small DTM into a larger one. TIN boundaries
will be covered in other exercises.

In this example, we will limit the triangle length. If triangles are still displayed, we will first turn them
off:

9. <Right-click> in plan view | Active Window (Plan) Options... | Surface tab | uncheck Triangle
outlines box | OK.

10. Terrain Modeling | Generate TIN. This re-opens the Terrain Calculation dialogue box.

11. Check Calculate triangles box, un-check Include all and set the Maximum side length: 150
(see Figure 4-5).

Note: Maximum side length of your triangles should be set as small as possible to create an accurate
TIN. However, if you set this value too small, there will be holes in your model. As a rough guide LiDAR
data could use a triangle length of 50 or smaller. Atrial and error approach can work for this. Putin a
number, generate the 3D model and if the model has “holes” in it, increase the side length.

Terrain Calculation x

Calculate triangles
Remove all existing contours

Trianales

Point Selection. ..

Maximum side length: | 150.00| [Jindude all

Figure 4-5: Terrain Calculation with Triangle Maximum Side Length Limited

12. Press OK to recalculate triangles and contours. Your Plan window should look like the figure
below.



Figure 4-6: Terrain Model with Triangles Limited to 150 feet

At this point you may wish to experiment with some of the other options in the Terrain Calculation
dialogue box. Once the dialogue box is open type <F1> to see detailed help information.

13. File | Save As, this opens the file Save-As dialogue box. Notice that the default folder is the
RoadEng Settings and Layouts folder. Cancel to close the dialogue box; we will not save this
table.

14. @File | New. Do not save changes.



5. Moving Around in the Plan Window

In this exercise, you will use the Zooming and Panning functions to change the Plan view. You will
also select features with the mouse to examine their properties in the Status window. Many of these
functions work in other graphics window types.

Note: section for file install folders (<RoadEngCivil> and <Defaults and Layouts>).

1. Open the Terrain Module.

2. '@File | Open <RoadEngCivil>\DTM\Topo with issues.terx
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Figure 5-1: Terrain file Topo with issues.terx

3. <Right-click> in the Plan window and make sure that select with mouse is checked in the
context menu. Your cursor will look like an arrow .

4. Click on the red center line (CLP) feature.

When you click on a feature with the selection cursor «g’ several things happen:
e |t becomes the current feature and is highlighted by changing color to magenta.
The point nearest where you clicked becomes the current point and is indicated with a red
Cross.
e The status window shows information about the new current point and feature if applicable.
o The status bar shows the current feature name (lower right corner of application window).

5. Plan | Next Point and Previous Point and note how the current point moves along the
selected feature. <Ctrl-N> and <Ctrl-B> have the same effect.



Note: If you move the current point (<Ctrl-N> and <Ctrl-B>), all windows will automatically scroll to make
the new current point visible.

6. Tryclicking and dragging with the mouse to see how window selection works.

7. Hold the <shift> key and click on a feature. This allows you to add and remove features from
a selection set.

View | Zoom allows you to zoom in, zoom out, zoom to window, end zoom, zoom extents and pan
respectively. The function of these tools is mostly self- evident with a little experimentation.

The middle roller mouse button is dedicated to zoom and pan functions. If these functions do not
work as described below, it is likely because of mouse software that has been configured to override
the default behavior - check your control panel.

8. Move your mouse cursor over the Plan window and click and drag with the middle mouse
button; even a roller button can be “clicked”. Note that the mouse cursor changes into the
Pan hand, and the plan image moves with your mouse.

Note: The dedicated middle mouse Pan function can be much more convenient than scroll bars. You can
turn scroll bars off to save space (<Right-click> | Active Window (Plan) Window Options... | General tab |
check Scroll Bars).

9. Move your mouse cursor to a point of interest then roll the middle mouse button away from
you. Note how the image zooms in and how the point of interest stays under the mouse. If
you use the Zoom 200% the center of the screen is always in the same location.

10. Similarly, use the middle roller mouse to zoom out by rolling towards you.

11. Practice zooming and panning while you look for interesting features of the model. Note that
the scale changes (tool bar) every time you zoom in or out. Also note that the text remains
the same size (although this is an option) and that the symbol sizes and line thickness
remain unchanged (Figure 5-2).
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Figure 5-2: Before and After Zoom Operation with Scale Un-locked

12. Set the scale to 1200 in the toolbar (note this is a natural scale, the same as 1" = 100").

Note: The mouse roller will change the scale box in the tool bar once you have selected it. This can be
confusing. See step 14 below.

13. Press the Scale Lock.

14. Click in the Plan window to move the mouse focus away from the scale bar, and try a few
zoom operations.

Note that this time, the scale does not change but the text, symbols and lines appear magnified or
shrunk (Figure 5-3).



Chapter 5 - Moving Around in the Plan Window
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Figure 5-3: Zoom Out and Zoom In, Respectively, with Scale Locked

15. When you have finished experimenting with mouse feature selection and moving around,
select menu “@File | New. Do not save changes.
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6. Moving Around in the 3D Window

In this exercise, you will use the Zoom, Pan and Rotation functions to change the 3D view. You will
also use the current point to help navigate in the 3D window and to help to find corresponding points
in Plan and 3D views.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. Open the Terrain Module.
2. @ File | Open <RoadEngCivil>\DTM\Topo with issues.terx
3. Select View | New Window | 3D.

A 3D window will appear on your screen.
4. The rendered surface should be visible; if it is not, press Zoom Extents in the View tab of the
tool bar (this does not always work if your model contains stray points).

5. View | Tile Vertically to show Plan and 3D windows side by side (see figure below).

GPs  Setup D

Select
Select

Home  View  FeatweTools  TemsinModeling  Cable-Analysis
G Edit Comment @) Delete
Ay Edit Label
< Edit Symbol

Current Pt

= R =] [=rEr=] | &

EEEEEE

. > @
S~ B EEL R ANE QARG QA weimmnimms ‘ Lo

Figure 6-1: 3D and Plan Windows depicting file Topo with issues.terx

Now we need to move around in the two windows to find problems with the model. In the 3D window,
Zooming and Panning behave in a similar way to the Plan window (see previous exercise Moving
Around in the Plan Window).

6. Use the Zoom Tools in the tool bar S Q6 |QQ Q I or the middle mouse wheel
button to move around in the 3D window.

Rotating the 3D image
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The 3D window also allows you to rotate the image.

7. Inthe 3D window, Click and drag with the left mouse and notice how the 3D view changes. It
may take a little practice to get the hang of it.

3D Window Options

8. Make sure you have a current point defined by clicking with the selection cursor on a feature
in the Plan Window. Note that the current point is represented by a three-dimensional red
cross in the 3D window.

9. <Right-click> in the 3D window | Active Window (3D) Options... The dialogue box shown
below will pop up.

3D Options

Wiewy List General Display Froperties

DDrape Plan Image
Shaw Current Point
[ Track Mouse

Dynamic Redraw

Vertical Exaggeration | 1

g Display Featuras +
[] ispiay Triangles
(204.204.51) v|

Shade Triangles

Backgrounds...

Contents  View

s

Figure 6-2: 3D Options Dialogue Box - Contents Tab

(O Manual Control {set camera and target parameters)
() Show Extents.

@ View Current Point

(7 Drive Through / Fly By (zlong current feature)

Camera Position Target Position
Implicit from Angles, Distance Use coordinates

0 2195794, 207

= | -38.000 329579.377
it 173,260
e Height Use Current Point
Angle (0-180deg.) | 30,000 Light (sun) Position
[] Apply Lighting Effects
Use Forward leg for Azimi
Azimuth 180
Indination (degrees) 45.000
Contents  \iew
| ot |

Figure 6-3: 3D Options Dialogue Box —View Tab
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The 3D Options dialogue box allows you to change many of the rendering options including camera
and target positions. You may wish to experiment with some of these options if time permits. Press
<F1> or the help key for more information.

10. Select the Contents tab. Turn on the Track Mouse check box.
11. Select View tab; select View Current Point. This sets the target position to the current point.
12. Press OK to accept the change and close the dialogue box.

13. Select different current points in the Plan window with the mouse, or by typing the <Ctrl-N>
or <Ctrl-B>. Notice how the 3D view tracks the current point.

Notice that when you move the mouse over the 3D surface, there is a cursor tracking your position in
the Plan window. Similarly, if you move the mouse over the Plan window, a line will appear in the 3D

window indicating your position.

If you click on the surface (left mouse), the view will change to center that point, and if you click and
drag (left mouse) the image will rotate about the point you first click on.

Note: If the 3D window is empty or if it doesn’t rotate in a predictable way, use the 3D window options to
change the mode to View Current Point (<Right-click> | Active window (3D) Options...). You must have
current point selected. This will scroll the image into view and change the rotation point to the current

point.

14. When you have finished experimenting with the 3D window, press 4 File | New.
Do not save changes when prompted.



Chapter 7 - Finding / Repairing DTM Problems

7. Finding / Repairing DTM Problems

In this exercise, you will use the 3D window to help find problems with a DTM. You will also remove
bad data points from the model and tag critical features as breaklines. It is possible to find all the
problems with this model by looking carefully at the contours (especially as they are closely spaced).
However, the 3D window often makes this task quicker and easier.

You should already be familiar with moving around in the Plan and 3D windows (previous two
exercises).

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. Open the Terrain Module.

2. @File | Open <RoadEngCivil>\DTM\Topo with issues.terx.

3. View | New Window | 3D from dropdown. A 3D window will appear on your screen.
4

Use menu View | Tile Vertically (or the m button in the bottom navigation bar), to show 3D
and Plan windows side by side.

Removing a Bad Point From the Model

5. Adjust the Plan and 3D views until you can see the bad elevation point shown below.

e View  FeatureTools | TemsinModeling  Cable-Analysis  GPS  Setup Plan

&

Hydrology
Tools ™
Hydrology

P B

Colculate Display
Volumes Volumes
Volumes

o & ¥ &

Grading Merge Simplify  TIN
i Tain perations

B B

Generate Delete

|| TiN/Contours Other Functions.

3D View:1

2195911377
329598.167
1180800
0.000 ft.
Yes
Yes
No

Figure 7-1: Bad Elevation Point Displayed in 3D, Plan and Feature Properties Windows

6. Select the bad point in either the Plan window or the 3D window with the mouse v,
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You know you’ve selected the correct point when the 3D window shows the current point on top of
the anomalous spike (figure above). Note that the Status window shows that this point is a 3D
modeled point - it is part of the TIN surface.

At this point you could <delete> the feature but then there will be no record of this point. Instead, we
will remove it from the TIN model.

Activate the Feature Properties panel -}

8. Inthe Feature Properties panel, clear the Modelled property so the point feature will no
longer be part of the model. Press Apply.

9. When warned that “existing triangles will be cleared” respond OK.

Note: The above procedure is typical of most Terrain Module operations:

First, select features of interest (sometimes the current feature and current point are important).
Second, use the Modify Selected Feature(s) menu to do something to the selection set.

10. Select the Terrain Modeling | Generate TIN in the tool bar to open the Terrain Calculation
dialogue box (see Creating a DTM with Contours exercise above). The settings for this
dialogue box were configured when this file was created; you don’t need to adjust anything.

11. Press OK to recalculate the DTM and the contours. Note that the anomalous spike in the
model has disappeared.

Defining Breaklines

12. Adjust the Plan and 3D views until you can see along the curve in the road shown below.

Home  View  FestureTools | TemainModeling ~ Cable-Analysic  GPS  Setup Plan

BB

Generate Delete

P B

Calculate Display
Volumes Volumes
Volumes

o e ¥ 4

Grading Merge Simplify  TIN
- Terrain Operations

Hydrology
Tools ™

Other Functions

TIN/Contours Hydrology

83D View:

Full name 5POT-354
Easting 2195845,660
Northing 320170.000
Elevation 1288.100
Length 0.000 ft
E) Yes
Modeled Ho
erezkine Mo

‘ Fiur 7-2: 3D andlan Contours Depictin
Triangles Caused by Missing Breaklines.
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What looks like a land slide in the figure above is a triangle formed by connecting centerline survey
points with their nearest neighbor, a top of bank point. We know that the shoulder of the road should
be a smooth and continuous line; in terrain modeling terms, this is a breakline. Some typical
breaklines are listed below:

e Road shoulder
Ditch bottom
Top of cut
Toe of fill
River bank

13. Select the EP feature. Note that the properties the Status window indicate that this is NOT a
breakline.

14. In the Feature Properties panel, turn ON the Breakline property. Press Apply.

15. Recalculate the Terrain Model: Terrain Modeling | Generate TIN (as in steps 10 and 11).
Note that the Model looks a little better.

16. Terrain Modeling | Delete TIN | check Delete Contours box. This will make the following step
easier.

17. Find other features that should be tagged as breakline (EP, TOE, TOB), and repeat the steps

above. Note that you can use the <shift> click h (or click and drag) technique to select
more than one feature at a time and then change their properties all at once.

Home  View  FestureTools | Terrain Modeling | Cable-Analysis  GPS  Setup Plan

bk OR® &|&

Generate Delete | Calculate Display || Grading Merge Simpiify  TIN
Bl o =
Hydrology

Volumes Volumes | = Terrain perations

S —— e =

8 30 view:1 = == Plan: o =
NN 148

TIN/Contours

Volumes Other Functions
Name: | ERKLINE vz

Field Value  Units

Full name BRKLINE-2
Easting 2195859.027
Northing 329538.537
Elevation 174,537
Length 211064 ft
D Yes
Modelled Yes
Breakine Yes

Figure 7-3: Model after Features made Breaklines and Model Re-Calculated

18. @File | New. Do not save changes.
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8. Creating Breaklines

We have seen in the Chapter, Importing ASCII Survey Files, breaklines can be created automatically.
Sometimes, however, it is easier to simply connect the dots. In this exercise, you will add some
breaklines to a data set that consists of nothing but points.

To perform this task, you will learn about the following Terrain functions:
o Select features by name.

Join points to create a polyline feature.

Create a new feature.

Draw and edit features with the mouse.

Format feature colors, symbols and line styles.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. Open the Terrain Module.

2. @File | Open <RoadEngCivil>\DTM\Topo no breaklines.terx.

Home
@ Zoom 200%
Qzoomsox @
Q Zoom Window &

FestureTools  Terrain Modeling  Cable-Analysis
[1200; &
@ scaleLock m
3 Tile Hor

G5 Setup

@--D

Gl el
el W dow~ Window~ Panel ~
Window

(OSelect Screen Layout... <|| [ save Status

Qo

View Options|

Display.

8 0 View sE=]

2195851157

Aoy

Vae  Units

329567.657
151,453
00

W~ FeEEON

Figure 8-1: 3D and Plan Windows, File: Topo no breaklines.terx.

Notice that the road is not well defined. As shown in the previous exercise, breaklines are required to
define the surface realistically. It would also be nice to see other surveyed features like pavement
edges and the road center line. Fortunately, the survey data for this file was imported so that
features are named by the survey point code.
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3. Hover your mouse cursor over a point in the Plan window and note the information tooltip
window that appears after a moment (see figure above). This is a subset of the Status
information available after you select a point (lower portion of Feature Properties panel).

4. Zoom in and select or hover over points to find out their names. You will notice that the road
center line points are named “CLP”.

5. <Right-click>...| Select Feature(s) | By Name
e Press the Advanced button to open the dialogue box.

e Press Un-Select All

Select feature(s) by name

Feature Names: Highlighted Hems Select Matching Names

- Select

Un-Select

Minimum |

SeaciAl numeric [0
= Maximum —|

Un-Select All numeric [0

Selected Predefined Layers

1

v [E

Un-Select
Use * or ? wildcard characters to
select all similar names
OK
BRKLINE o Cancel

[~]Hidden [l bisplayed

Figure 8-2: Select Features by Name Dialogue Box
with the Select Matching Names area Visible

Note: The Select features by name dialogue box allows you to add/remove feature(s) to/from the
existing selection set. This can be very powerful if you want to select a group of features that don’t share
the same name. However, most selection operations will start with Un-Select All (if the initial number

selected is not zero).

6. Type “CLP” at the top of the Select Matching Names area

7. Press Select. Note that the number Selected is now 69 and that the CLP items are checked
in the list (you may have to scroll down).
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Select feature(s) by name

Feature Namas: Highlighted ltems SelectMatching Names
A | Select CLP I

| [ U&Sslém
| Minimum
SalectAll numeric D
i Masirnum
Un-Select All numeric ID

Select=d Predefined Layers
69

UnSelect

~ [ -

Use * or ? wildcard charactars to
select all similar names.

0K

v Cancel

Hidden Displayed

Figure 8-3: Select Features by Name Dialogue Box with CPL Selected

8. Press OK to accept the change and close the dialogue box.

Joining Points to Create a Polyline Feature

Now that the CLP points are selected (highlighted magenta) we can connect them together and
format the resulting polyline.

9. Feature Tools | Join or <Ctrl-J>, to connect all the CLP points into one polyline feature. When
warned, “existing triangles will be cleared”, respond OK button.

Modifying Feature Formatting

10. <Right-click> in plan view | Modify Selected Feature(s) | Linetypes, Symbols or <Ctrl-L>, to
display the dialogue box below. Alternatively, you could use the Feature Properties Panel.

Plan Window Feature Formatting

Symbaol
Type: | Mone V| =
Calar |Aul0 «| +
Line/Sorder
Type: | 3-dashdot =0 —-—-—-—-—-- v
oo | |
Hatching
Type: | Mone | | v|
ounc: | Aus
Auto
[CJAlsa Sat Prafile Cancel

Figure 8-4: Feature Formatting Dialogue Box
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11. In the Plan Window Feature Formatting dialogue set

e Symbol Type: None
e Line/Border Type: 3-dash-dot
e Color: red (as shown in the figure above).

12. Press OK to accept the change and close the dialogue box.
The center line is now visible and represented by a polyline as desired. It should also be a breakline
as it represents the crown of the pavement.

13. Use Feature Properties panel to set the CLP feature as a Breakline (as in the Finding and
Repairing DTM problems exercise above). Press Apply.

Now let’s try the same process with the edge of pavement (EP) points.
14. As we did above, use the Select features by name dialogue box to select all EP points.

15. Then use <Ctrl-J> to join them. The results are pictured below.

Figure 8-5: Pavement Edges Connected using the Join Function

The polyline created above connects one side of the road to the other; the join function connects

each point to its nearest neighbour. If the points had been coded EPL (left) and EPR (right) then this
procedure would have produced satisfactory results (in two operations).

In this case, it is easier to connect the dots. We will make the EP points easy to find and then create
a new breakline feature to connect them manually.
16. Use the ™ undo button or <Ctrl-Z> to restore the loose points.

17.As in step 10 above, use the formatting dialogue box <Ctrl-L> to change the EP points to a
distinctive color and symbol (as below).
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Plan Window Feature Formatting

Symbal
Type! | Circle fw Cross s | [
Color: |Aun:- w | +
LinefBorder
Type: 0 - solid —_—

|
| |
- BE

Hatching

Type: | Mone | | R
chatoend | aun +

FRRImUNG! | Auto !

[]Also SetProfile Cancel

Figure 8-6: Formatting can Make it Easier to Locate Points of a Given Type

18. Select the Terrain Modeling | Delete TIN. Check the Delete Contours box and press OK
button. This will make the following steps easier.

Creating a New Feature

19. Home | New Feature.

Feature properties

Name: ’Tm v] . Stationing... |
[“|Displayed {Plan/Profile) ~ Create using
[~|Displayed (30) I YR |
[#]Connected = —
[“Elevations | Keyboard... |
[Modelled ' '
Mapreakine |
[ Imegative I
[_]TIM Boundary ~ Cancel
[]Surf. fvol. Boundary v

Figure 8-7: The Feature Properties Dialogue used to Prepare a New Feature

20. Change the Name: EP-BL and check the Breakline property box as well as the others shown
in the figure above.

21. Within the Feature Properties dialogue box press Mouse button to close the dialogue box and
create the new feature.

22.When you are prompted to define the Elevation value, just press OK; keep Default elevation:
100.0. We will be snapping to existing points and picking up their elevations.
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When you are in Edit/Insert points mode, the mouse cursor will change to indicate what will happen
when you click the mouse.

\ New point is added at either end of the current
feature.

§F New point is inserted in between existing points
of the current feature.
Existing point is captured for editing.

23. Your mouse cursor has changed to a pencil \ indicating that you are in Edit/Insert points
mode. Left click anywhere in the Plan window (mouse down and up again) to create a new
point. Your cursor changes to a cross.

24. Move the cross over an EP point the cursor changes :: IF to indicate you are ready to snap.
Click a second time to anchor the new point. Note that the Elevation shown in the Status
window is the elevation of the EP survey point (if it is 100, then the snap failed - you may
have been too far from the EP point).

Note: Snap to Point is an option set in the Plan window options <Right-click> | Active Window (Plan)
Options | General tab). Settings like this are saved in the document and in screen layouts.

25. Continue adding points to your new break line:

26. Click with the pencil \ cursor to create a new point.
27. Move the red cross over an EP point and click a second time to anchor the new point.
28. Try editing a point:

a) Move your mouse over an existing point in the new feature; note that the cursor
changes to a box ¢ ..

b) Click the mouse the capture the point.
c) Move the red cross to a new position and click a second time to re-anchor the point.
29. Delete a point:

a) Move your mouse over an existing point in the new feature; note that the cursor
changes to a box ¢ -.

b) Click the mouse the capture the point.
c) Type the <delete> key.
30. Insert a point:

a) Move your mouse over an existing segment in the new feature; note that the cursor
changes to a pencil with a cross N‘

b) Click the mouse to create a new point.

c) Move the red cross to a desired position and click a second time to anchor the point.



31. Stop when you have done enough points to get the hang of editing with the mouse. Make

sure you have tried deleting and inserting points as well as adding new ones at the end of
the feature.

Note: You can edit the points of any feature. First select the feature, then <Right-click> and select menu
Edit/Insert points with mouse (you can also choose the pencil button in the Home tab| Mode group |
Tool Selection button | Edit/Insert Points with Mouse from dropdown menu.

Your new feature should look similar to the figure below. Note that the new breakline (EP-BL) is
separate from the original survey points (EP) although its vertices share the same coordinates.

Figure 8-8: New EP Breakline Feature

There is another way to connect the dots that is similar to the first method used to connect the CLP
points. You will now create a breakline for the other side of the pavement.

32. Change back to selection mode 7. <Right-click> |select menu Select with mouse.
33. Click on one of the EP points to select it (the point will turn pink).

34. <Shift> click on the next EP point: hold the <shift> key, left click on the EP point, release the
<shift> key. Now two points should be pink.

35. Type <Ctrl-J> to join the two points. Now you have a two-point polyline.

After Join

Selected i ),

%

features \‘\._;}_
&I \

Figure 8-9: Joining Points a Few at a Time,
Select a Few Points (<shift>+ <Right-click>), then Join Them <Ctrl-J>



36. Make sure the new two-point polyline remains selected and <shift> click to select a few more
EP points (left side of figure above). It doesn’t matter which order you select the points.

37.Type <Ctrl-J> to join them all into a bigger polyline.

38. Continue this process until you are comfortable with the process. Then set the properties of
the new polyline to Breakline <Ctrl-E>.

If time permits, you may wish to create breaklines for other point types using any of the methods
above.

39. @Fijle | New. Do not save changes.



9. Working with LiDAR

LiDAR (Light Detection And Ranging) surveys produce very large amounts of relatively accurate three
dimensional point data. The data includes points representing laser light scattered from the ground

(bare earth), foliage, buildings, transmission lines and other objects. This data is usually broken into
tiles, each containing a few million points.

e The 32-bit version of RoadEng® is limited to approximately 5 million points. The 64-bit
version of RoadEng® can handle more points depending on the speed of the user’'s CPU
processor and amount RAM, 10 million points is reasonable.

e Interpolating the LiDAR into regular grid format is not recommended, because this creates
points by interpolation (lost accuracy). For accuracy purposes, it is better to work with the raw
data points.

e When importing LiDAR data, it is very important to group points together instead of making
feature for every point. Features require a significant amount of memory (much more that a
point) so it is best to store thousands of points per feature.

It is not uncommon to have data sets with hundreds of millions of points (well exceeding the
recommended maximum of 10 million points). This limitation is generally not a problem for most
corridor projects, if points outside the area of interest are thinned. Consider a relatively large road
project say 20 kilometers (~ 12 miles). Assume that your LiDAR horizontal resolution is 1 meter (3
feet) and that you have identified a corridor that is 200 meters (~656 ft.) wide along a preliminary
alignment. This yields about 4 million data points.

Large data sets need to be loaded in such a way that they use the least amount of memory possible.
In the next section, you will load a prepared LiDAR import format from a *.10P (Input/Output
Parameters) file.

Note: If your data is in LAS format, many of the steps in the next section are not required. However, the
corridor thinning technique is required for both formats. LAS format is the preferred format for LiDAR, as
it is compact and loads fast.

1. Open the Terrain module.
@ File | Open <RoadEngCivil>\LiDAR\Empty.terx
Setup | Module Setup button. This opens a Terrain Setup dialogue box.

Select the Import tab.

o 0N

Check if LiDAR (x,y,z,code) already existing in the dropdown menu. If that format in not
present press Merge... button and browse to find the import options file.
<RoadEngCivil>\LIDAR \Lidar2.iop. See figure below. IOP files are Import/Export File
Formats were previously created.
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errain Setup

Unts General Projection Aftibutes Layers Import Export Install

Softree-Temain v5-v7 (" ter) Option Files
Softree-Temain (" tenx)
Softree-Map Document (*.map)|
Softree-Traverse Document ("
Arcview Shape (*.SHP)
ASCII text (#y x.z.code) (*.asd e - A
ASCI Lidar (xy.2) (" asc:" bt~ M <« RoadEngCivil > LiDAR v & | Search LiDAR Py
Autocad DWG (".dwg) . o
Autocad DXF (*.dxf) Organize v New folder = v [ o
EMXS ("xng) A
E— Name Date modified Type
Options... > Quick access -
R . [] lidar2iop 2013-02-06 8:59 AM  [OP File
<# Dropbox
Coordinates...
¢@ OneDrive
3 This PC
5‘ Network
*§ Homegroup
< >
File name: || v | Import/Export Format File (*.io} v
y

Figure 9-1: Changing Import Options by Opening an IOP File

6. Press Open (if it was not present in your list) and press OK to close the Module Setup
dialogue box.

Setting up a Linear Corridor Feature

Now you will read in a proposed center line and later use it to create an area of interest.

7. Home | Insert File. Ensure your file type drop-down is set to Shape (Arc) (*.shp) - should be
at the bottom of the list. Browse for file <RoadEngCivil>\LiDAR\ ProposedAlignment.SHP.

Press Ok.
8. The Import options dialogue box below appears. Press OK.

Import Options

Options Projection  Rotate/Translate/Scale

From Projection (File) To Projection (Current)
Projection: ‘Undeﬁned Projection v-| |1—| Projection: ‘Undeﬁned Projection v-| |1—|
==
Units: |Undefined < Units:  Imperial (1) <

File does not contain georeference information

| oK | | Cancel | | Help

Figure 9-2: Import Options Dialogue Box
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9. Softree Warning stating “Incoming coordinate system and unit are undefined. OK to
continue without conversion?”. Enable “Do not show this message again”. Press Continue to
load the proposed center line shown below. The reason for this is the coordinate system and
units in empty.terx are correct.

Lwl

Softree Warning X

Incoming coordinate system and units are undefined. OK to continue
without conversion?

[ 1o not shaw mie this message agair Cancel

Figure 9-3: Softree Warning Message

Note: The Coordinate system undefined errors shown in the above steps will not happen is the Shape
PRJ file is available.

‘: Home View Feature Tools Terrain Modeling Cable-Analysis GPS Setup. Plan =7 X
Foowree | % | M [ 2 B o = — S;
- 5 5 Type Feature LR LL } Paste Special || — Srestchion 0 £
Tool | New Select Ho: A Polar / Delta Mode || Export Import
Properies
L symbol
+  Colorjine
© vatding
Also SetProfile Apply
Feld
W - ey BE B LY 4 e FIB QA B W & 6 @ rmoin oz | s10755 | seesus |

Figure 9-4: Proposed Road Center Line

Now that the road center line has been brought in, we can bring in the LiDAR data. This example
only contains approximately 700,000 points to save download and file read time. This example use
* txt files but could be other file types. A common LiDAR file format it *.LAS.

In the following steps, we will read in the data at full resolution in the area of interest (AOIl) and skip
some points outside this area. In addition, we will follow some important guidelines to prevent slow
draw times and memory overload.

10. Bring in the LiDAR data: Home | Insert File button. Set the file type drop-down to ASCII Lidar
(x,¥,z). (This is the one at the bottom of the list.)



11. Select both TXT files included with this example. Press Open. Tile_1E_BaldEarth_SP.txt;
Tile_2E_BaldEarth_SP.txt

' |nsert File
Ui <« RoadEngCivil » LiDAR v O Search LiDAR el
Organize » New folder | il ?
x
N e =
f& OneDrive Mame Date modified Vi
|| Tile_1E_BaldEarth_SP.xt 2013-02-06 8:538 AM  Text Docyl
[ This PC ::] o =
B |=] Tile_2E_BaldEarth_SP.tut 2013-02-06 8:38 AM  Text Docy
[ Desktop
E| Documents
-l- Downloads
J‘h Music
[&] Pictures
m Videos
= Acer (C) M =€ >
File name: |"TiIE_ZE_EaldEarth_SP.bct" "Tile_1E V| |LiDAR {(oy,z.code) (*asg bt v

Figure 9-5: Inserting Multiple LiDAR Files

Note: Using Home | Insert File unlike 4 File | Open that allows multiple files at once and does not clear
existing features from your Terrain.

You will now be presented with the import options (in case you want to make last minute changes).

12. Click the Test tab then Next Record button a few times to see what the file looks like. Note

that the X, Y, Z fields are showing the correct values (figure below). This indicates that the
options set in the Structure tab are working correctly.

Import Options X

Structure  Code Test  Selection Projection Rotate/Translate/Scale

|C “\Users‘Public\Documents softree training 80%RoadEngCivil\ LiARTile_1E_Bal |

814397.420 387907.170 1136.670
214323.000 387569.170 915.250 New Featurs
814387.170 387538.250 854 750
814418.330 388647830 776.000 |:|
2143569.080 386890.500 843.000
814418920 338657.500 766.330 Featurs Name
§14369.250 386855.000 842.330 |:
314393.330 387747.420 1032.080

Record #

x ¥ Z Code AMtribute; e
314393330000 327747 4z0000 ] @[ 022 080000 [ |
| Ovenfle | |PrvRecord | [Next Record

OK || Cancel || Hep

Figure 9-6: The Test Tab after Pressing the Next Record Button a Few Times.



Note: Memory Usage / Display Speed Rules & Guidelines

Other Import Options have been setup to avoid using more memory than necessary and to make the
resulting Terrain display manageable. The following rules are necessary when importing large data sets:

A. Do not attach comments or other attributes to every point.

B. Do not allow very large numbers of points in features.

C. Do not make every point into a separate feature.

D. Do not attach symbols to every point.

E. Do not turn on labels (such as Elevation) that will display at every point.

If you use the standard LiDAR import options these guidelines will be taken care of for you.

13. Click on the Structure tab. Notice that there are no Attributes defined in the Column
Assignments section (Rule A).

Import Options X
Structure Code Test Selection Projection Rotate/Translate/Scale
PELLLLIRIASCI Lidar (xy.2)] |

Fields Coordinate Format

O Lat/ L
@ Delimited () Fixed Width [OESA (OlLat/Lon

(+/-) Degs Mins:Secs e g +52:22-12
Dec. Value(s)
Delimiter(s): | SPACE or TAB v

Skip Chars: |CRLF ™ 13.10

0 0 0

Headings
# oflines to skip 0

Column Assignments Advanced
Feature

X Y 2 Code Name Adributes
[E RIE BB P P HE E Records

Note: enter 0 iffield is notused

Features

XlY|Z Aftributes...

Figure 9-7: The Structure Tab defines the Location of the X,Y,Z Coordinates

14. Press the Features... button in the Advanced section (lower right).

o Enable Limit size of Features.

o Set Max points per feature: 1000.
o OK.

The reason for this is when LiDAR points are grouped in features the program works better.
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Feature Detection Method

\dentify Features by Code frecommended ~ | Scouence §(Colnn] 1 3

Features are defined by a feature code. This EXAMPLE:

5 done in the Code tab. In the example RO
own at the right, Code CL is a polyline }(;' ‘r‘;l Z;I oL Fotiiai

eature and code CH is a point feature. ¥, ¥, Z1,

Hao W Iy CH Festure 2

Ha, v, Ly, CH Feature 3

¥, W, Ly, 2B Feature 4

Feature Size
Limit size of Features

Max poits per feature: Teminate Character: D

Ok ] [ Cancel |

End Featurs

Figure 9-8: Feature Size Limited to 1000 Points

15. Select the Code tab. For the DEFAULT Code type ensure the following fields are set:

o Type: Polyline
o Feature Creation: Connect All
o Connected: No

Also note that no symbol is defined (rule D above). In some cases, it makes sense to turn off the
Displayed property, to speed draw time later.

Import Options

Stucure Code  Test i i Rotate/Ti
Codes Code Properties
| DEFAULT : -
Add Code Name: iDEFAULT
T
Réimove yee: [t %
Feature Creation: | ConnectAll v
Connected:  |No +~  Skip|No -
Displayed: |Yes ~ 3D Yes v
Breakline:  |No ~
ShiftLip Include in Madel: | Yes ¥
Shift Denwn
TR . U Line-type 0 - solid —_— :
Extract codes from file 7
Symbol Mone ~|
Load Open..

Hateh: | Mome ~|

Figure 9-9: Point Code Properties suitable for Large Data Set Import
16. Click on the Selection tab to show the options below:
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Import Options

Stuciure Code Test Selection Projecion Rotate/Translate/Scale

Regons
Add Shift Uip
Moy Shitt Down
Aemove
Paint Resalution
& Skipped
Low CQuality High Cai
|

Estimated number of points sfiar thinning: | Unknown

MNOTE: Regions are processed in order. Points
are thinned according to the first region thay fall
into.

Figure 9-10: Import Options Dialogue Box with Selection Tab Selected

17. Press Add... button to open the Filtering Region options as shown below.

Filtering Region

(C)Rectongle (@ Corridor  (_JPolygon [ Exterior region

Terrain feature:

Froposedalignment-0 | Select...

Corridor | 2p0.0

Cancel

Figure 9-11: Filtering Region Dialogue Box Options
18. Set the Corridor button as shown above.

19. Select... button, <double-click> on the alignment feature: “ProposedAlignment-0” to select it.
Press OK to return to the Filtering Region dialog. Set the Corridor width 200.0. Press OK.
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‘ Filtering Region X
{ORecEng\e @ corridor  (OPolygon [ Exterior region

| Terrain feature:

‘ [ Proposedalignment-0 | | select... |

Corridor width:

Festure Names Highlighted ftems
| Selest |

[ UnSelect |
[ SelctAl |
| UnSedect Al |

Selected
3

[ Advanced |

[Hdden B4 Displayed

Figure 9-12: Defining a Corridor with a Linear Feature

20. Click on Default in the list and set the Point Resolution to 9 (refer to Figure 9-13).

Impart Options

Stucture  Code  Test  Selection  Projection  Rotate/Translate/Scale

Regions

Comdor-1 . ProposedAlignmer-0 i |
Y | - | |54
Moddy Shift Dawn

Remove:

Poirt Resolution

# Skipped
Low Quality Hgh Al

Estimated number of points after thinning:

NOTE: Regions are processed in order. Points
are thinned according to the first region they fal
inta.

T A

Figure 9-13: These Setup Options will skip most points outside of Corridor-1.

21. Press the OK button to read the data. It will take a couple of minutes to import about 69,000
points out of the 680,000 available.
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Figure 9-14: Full Point Density along a Corridor, Reduced Density Outside.

Note: There are additional, more accurate data filtering options available post-import. For more
information on these please consult the Softree Knowledge Base.

22. @Fijle | New. Do not save changes.



10. New Location Design

In this exercise, a short road alignment will be created.

Note: See Getting Started section for file install folders (<RoadEngCivil> and <Defaults and Layouts>).

Open the Location Module or if you are running the Terrain Module, use the Setup | Open Location
Module Button.

Home View Feature Tools Terrain Modeling Cable-Analysis GPS Setup Plan

R LD O©6 DA

{9 Softree.com (2
'S
) Softree Support

Module Default Check For || License About || Location Help(F1) Getting (5] raining Wi Knowledge
Setup Font Updates || Manager / Map Started faming VIdeos  gace
Setup Licensing Open Modules Online Resources

Figure 10-1: Setup Tab | Open Modules Group | Location n Location

To create a new road alignment in the Location module, you first need to create an ori] Medule  hq
DTM. This is usually done by reading survey data into the Terrain module, and then creating a
surface with contours (see previous exercises). However, it is possible to import DTM surfaces from
other applications by using LandXML or DWG (3D faces) file formats.

1. Open the Location Module.
Y=/ File | New File.

3. Select Terrain Surface, and press the Browse... button and open
<RoadEngCivil>\Location\Topo.terx. Press OK.

Choose Original Ground Surface (Topo) X

Extract surface from one of the following sources:
(® Softree documents

EAreran srfoce
C:\Users\Public\Documents\softree \training80\RoadEngCivil\Location\Topo

[JP-Line Traverse Browse...
Choose file name...

(O other (LandXML or ...) Browse...

oK Cancel

Figure 10-2: File | New File - Opening File to Define the Original Ground

4. The Initial Alignment dialogue box will appear. This allows you to select a start coordinate or
to import an existing alignment.



Chapter 10 - New Location Design

Initial Alignment

Single Point
() Coordinate
(®) Center of terrain

O Terrain current point

Alignment

() Terrain feature

(I Traverse file

() Landxml file
Horizontal

Vertical

Easting {X): 2195778.3
Morthing {Y): 329565.0
Select..
Browse...
Browse...

Road Class Spadfications. ..

Cancel

Figure 10-3: The Initial Alignment Dialogue Box

5. Choose Center of Terrain (we will define our start coordinate later).

6. Press Next >, keep Standard Template checked. Press Finish.

The look of your initial screen depends on the contents of the default Screen Layout (normal.dlit).

7. To change screen layout, select View | Screen Layout group, select layout training
Normal..DLT from the Training folder in the dropdown list.

T Y A R N
7 Superl. 2 FSiopeL: 400

19 SuperR: -2 FSlopeR: 0

CutDp: 00 Gralst nia LSsr

@

@ Q9 Oltraiming Nomatt - FSwve || 4] Display Status
aly | 8 Reti
Switch  New Addto
Q Zoom Window ) Pan 3 Tile Horizontally |\t U, Window= Panel » © Delete
Zoom Window Layou Dispay
— Vertical Curves
oo [=Ir=rE=] | A #en [se]EE]
arabolc )
Lstn Cut Dp. Grade K ~ o | |[PeecRa= 00 w0 fat
T ) Length o Lokt

CLBE @

T
Change in Grade 17
Station ‘Elevation Grade
Ll I [
v

Pr | [ i

ug,: '|r; {

rriBEG S RE
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The red line in the figure above depicts the proposed new alignment, mostly to the left of the old
road. You can see the original ground DTM in the Plan background; the line work is faded so it
doesn’t overwhelm the new alighment features.

The shape (road dimensions) of your cross section depends on the contents of the default Template
table (Normal.TPL) in your RoadEng <Defaults and Layouts> folder. The next few steps will load
templates for this exercise.

8. Home | Templates. This will open the Template Editor.

N Template Editor X

=) Open Table | | [ save tatie. B0 Mewe.. [ ctbray. | &8 Materias.. | | [7\Road Ouse.

£ "™ Templates 0 0

[ "™ DF - DEFAULT TEMPLATE *

(™ RUR -Rural

[# ™ VAR - Slope based on fill height
™ UB1-Urban

] ™ BRS - Bridge (5m Dedk)

1 B Roadway Components

(# B Ditch Components

1 B3 Slopes Components

# B2 walls and Barriers

@ B2 Bridges

1 B9 Misc. Components

= B Customer {partially tested)
#=4 Fixed Sections

Template: DEFAULT TEMPLATE

CHIRC =T = R

Properties... | Codes... | Layers...

Yalidate.. Customize. Q 0 Q 'h'q || = yd’ E r :Qfl [:;.; Cancel

Figure 10-5: Template Editor Dialogue Box

9. Within Templates Editor, press Open Table, select <Defaults and Layouts>\training\training
Normal feet.tpl. Open.

10. If you are working on a training computer or if you have not yet configured your default
templates, you may wish to save template: Save Table | all selected, press OK | over-write
Normal.TPL | say Yes to replace existing. Note that templates depend on length units (feet
or meters).

11. OK to close the Template Table Editor. OK to recalculate the cross sections. Templates will
be discussed in more detail in future exercises.

In the following steps, you will create a horizontal alighment by creating intersection points (IPs) with
the mouse. IP editing in the Location module is similar to point editing in the Terrain module
(exercise 8. Creating breaklines above).



12. <Right-click> (in the Plan window) | Add/Edit IP tool \

Note: Although already displayed in this file, to get your contours to display in plan-view <Right-click> |
Plan Options... |check Background box. The existing road alignment is in the background as a guide for
drawing the new road. The red line is the proposed new alignment.

13. Edit the start point of the design:

o Move your mouse over the existing point (red cross); note that the cursor changes to
a box ..

o Click the mouse to capture the point.

o Move the red cross down to where the proposed alignment leaves the existing road
(the Plan window will scroll automatically).

o Click a second time to re-anchor the point.

14. Zoom in and fine tune the start point of the new alighment, so that it lies on the old
centerline, just south of where the proposed road leaves the old one (Figure 10-6 below left).

Figure 10-6: Drawing the Horizontal Alignment. Image on Left depicts the Starting Point of the Alighment.
Image on Right Shows next IP

15. Create a new IP:

o Click with the pencil cursor \ (away from the existing point) to create a new point.
o Move the red cross to the position shown in the figure above right (approximately).



o Click a second time to anchor the new point.

16. Edit your IP:

r A
o Move your mouse over an IP; note that the cursor changes to a box - -.

o Click the mouse to capture the IP.
o Move the red cross to a new position and click a second time to re-anchor the IP.

17.Insert an IP:

o Move your mouse over a segment between IPs; note that the cursor changes to a
pencil with cross .

o Click the mouse to create a new IP.

o Move the red cross to the desired position (not important) and click a second time to

anchor the IP.

18. Delete an IP:

o Move your mouse over the IP created above; note that the cursor changes to a box « -
o Click the mouse to capture the IP.
o Type the <delete> key to remove the IP.

Continue this process until you have an alignment similar to the one in the figure below on the left.

Note: Don’t forget Undo command, <Ctrl-Z> or *® undo button.
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Figure 10-7: Horizontal Alignment Before and After Curves Applied

Adding Horizontal Curves

To create a horizontal curve, you identify an IP then you define a curve between the tangents it
defines. Horizontal curves are created and edited using the horizontal curve panel.

If it is not open, you can open a new curve panel using the Horizontal Curve Panel button linthe
window navigation toolbar.
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Horzontal Curves =
Design Speed (mph) E
Radius (R)
Use Minimum Radius [ ]

&
(5

Max Super-Elev. (%)

Table Super-Elev. (%) Auto [+
Actual Side Friction ()~ 0.1
Transition Length BC 700,0

Auto +
EC 00,0 .
Transition Fraction 0.667
Tan, Runout (Jen/%) 33.9 Auto

Widening Inside [J Auto
Outside 0,000 | [Jaute

(INoCurve (@) Cirde (_) spiral

Anply

@jtﬂm?ﬁﬁlj“ﬁ@

IP and Tangent Parameters

Arc Length 375.0 Delta | 35
X Y Azimuth
BC | 2195975.5| 320033.2 140

P | 2196100.0 || 328884.6 |

EC | 21951140 328891.2 176

IR, 1B, IR,

Figure 10-8: Horizontal Curve Panel

19. If not already shown, press the Activate Horizontal Curve Panel button ? using the Window
Tools toolbar in the lower left part of the screen (figure above).

20. Use the Previous IP % or Next IP ™ buttons to move to the second IP in the alignment
(watch the Plan window).

21. Press Get Default Curve button ' ¥ to set up the parameters as shown in the Figure 10-8:
Horizontal Curve Panel, above.



Note: The curve panel controls are disabled until the current is point is an IP between two tangents. Most
of the controls are still disabled until you either select Circle or Spiral or press the Get Default Curve

button ’ 3

Default curves and associated tables are stored with your template table. The default template table is
Normal.TPL.

22. Press the Apply button to create the first curve.

23. Use the Next IP button ' to move to the third IP in the alignment and repeat to the steps
above to create the second curve.

24. Return to the Plan window and edit one of the curve IPs. Notice that when the IP is captured,
the curves update dynamically as you move the mouse. Also notice that you aren’t allowed to
overlap the curves or to push a curve off the end of the road.

Note: The current cross section is shown in the Plan window as a red cross. When you have finished
editing a curve, the current cross section is the End Curve (EC) point.

25. Go back to the curve panel and increase the radius of the two curves:

o Use the Previous IP & or Next IP = button to select a curve.

o Type a new radius (it must be small enough to fit or you will see an error message).
o Press the Apply button.

26. Modify the IP locations and continue adjusting the radius and see if you can get the new
alignment to line up with the proposed alighment in the background.

27.% File | Close. Do not save changes.



11. Vertical Alignment

This exercise follows on from the previous. You must create a horizontal alignment before you can
create vertical alignment.

In the following steps, you will create a vertical alignment by creating vertical intersection points
(VIPs) with the mouse. VIP editing in the Profile window is similar to IP editing in the Plan window.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. “'File | Open <RoadEngCivil>\Location\Align stage 1.dsnx in the Location Module. This
should look just like your design at the end of the previous exercise.

2. Onthe View tab, click the Screen Layout dropdown. Find and expand the Training folder and
select training Profile.dlt from the dropdown menu.

This will set up your screen to look like the figure below.

ider View GPS Setup Profile
@ Zoom 200% ts | Zoom: 1200000
QZoom50% @ ClearZoom | [ Scale Lock|
Q Zoom Window & Pan

G Pt || P seve || B Display Status
% @ *]m‘ct g Profiledit L;mm‘\ﬂupwm

© Delete
Screen Layout

Display ‘

<] | = profile

L
Lsin:  7+15440
GraNd nia
GraLst 2

I I
CutDp: 0000 CLElev 1210302
CLX: 2195922.396 Super L: a8
CLY. 320114879 SuperR: £

= 1270

— 1260

— 1250

— 1240

= 1230

— 1220

— 1210

= 1200

— 1120

— 1120

— 1170

===

LStn

CutDp. Grade
%

V.Brk
%

ft
0+00.000

|# B

0.000

EH vz AL

0.00

= 1160

=) A E %
IP and Tangent Parameters.
G

@

Horizontal Curves ), Vertical Curves

> P HANB QAN QY Q| 5=

1228255

Figure 11-1: No Vertical Alignment, Profile Window Shows the Ground Line Only

<Right-click> in the Profile window and select the Add/Edit IP tool \ .Click anywhere to the

right of station 0+00 to create a new Vertical intersection point (VIP). Move the captured

point to a desired position and click again to anchor the point.

As in the previous horizontal alignment exercise, we can use the mouse to:

e C(Create a new VIP at the end of the existing alignment.

e Edit an existing VIP.
e Insert a VIP between existing VIPs.
e Delete a VIP.

There are a few subtle differences between editing in the Plan and Profile windows:



5.

In the profile, you can’t have a backwards segment (if you insert a point between two existing
VIPs, you are restricted to that station range). )

In the profile, you can insert a point no matter where your mouse \ is (in the Plan you must
mouse  over a segment).

Profile editing is constrained by the length of the horizontal alignment (if you remove one end
of your horizontal alignment, you will generally remove some vertical alignment).

Continue editing the Vertical Intersection Points until you have a design similar to the one in
the figure below.

L om0

T 1230

o b

L 1210 4 L
= 1200

= 1190

1180

= 1170

1160

— 10+00
—11+00

= 12+00

=)
=]

T
©

= 14400
— 15+00
= 16+00
— 17400
= 18+00
— 19400

20+00
= 21400
— 22400

23+00

0+00
—1+00
= 2+00
— 3+00
= 4+00
= 5+00
— 6+00
—7+00
—8+00
= 9+00

Figure 11-2: Vertical Alignment before Curves Applied

¥='File | Close. Do not save changes.

Vertical curves are very similar to horizontal curves: you first identify a VIP, and then you define a
curve between the tangents it defines. Vertical curves are created and edited using the vertical curve

panel.

1.
2.

3.

¥='File | Open <RoadEngCivil>\Location\Align stage 2.dsnx.

On the View tab, click the Screen Layout dropdown. Find and expand the Training folder and
select training Profile.dlt from the dropdown menu.

If necessary, activate the Vertical Curves panel, View | Add to Panel button| Vertical Curves.

Note:

If vertical curves is grayed out in the Add to Panel dropdown this means that it is already open.

Look at the base of Horizontal Curve panel, one can switch between Horizontal Curves and Vertical
Curves.




Vertical Curves 4 X
Design Speed (mph) 40 000
Auto
Parabolic Rate (K) .00 Lock K
Length g.060 Lock L

Sight distance n.non Auto

Mo Curve Parabola

G =A8 ¥ |©

IP and Tangent Parameters

Change in Grade

Station Elevation Grade
P-
P | 0.000 || 1218037 |
P+ 517.323 1203.910 -2.9
B, 1B, IR

Figure 11-3: Vertical Curves Panel with Automatic Curvature Selected

4. Use the Previous IP 2 or Next IP ™ buttons to move to the second VIP in the alignment
(watch the Profile window).

5. Press the Get Default Curve button . Then press the Apply button to create the first curve.
6. Use the Next IP ™ button to move to the third VIP in the alignment.

7. Again, press the Get Default Curve button ¥ Notice that you are warned that the curve
does not fit the tangents and the Apply button is disabled (figure below).

A Curve does not fit tangents (overlaps

adjacent curve or IF).

=

Figure 11-4: Curve Warning

Note: When a curve does not fit tangents (vertical or horizontal), you can either:
a. Shorten the curve.
b. Shorten the previous and/or next curve.
c. Move intersection points to reduce the angle between tangents or to lengthen the tangents.

In this case, as the curve is already defined as the shortest curve allowed for 40 mph (auto is
checked), the only way to shorten the curve (without changing VIP locations) is to reduce the speed.

8. Change the Design Speed to 20; notice that the error goes away.



This speed is too slow (the whole point here is to increase the design speed of this section of road).
Instead, we will lower the third VIP elevation to reduce the grade change.

9. Go to the Profile window and move the third VIP down a bit. In the Vertical curve panel, again
press the Get Default Curve button ‘¥ . The error should have gone away. Press Apply.

10. Return to the Profile window and edit the third curve VIP. <Right-click> in profile window,
Add/Edit IP Tool. Then click on intersection point at vertical curve 3 to capture it. Move the
VIP up and down the curves will update dynamically as you move the mouse.

Note: The current cross section is shown in the Profile window as a red cross. When you have finished
editing a curve, the current cross section is the End Vertical Curve (EVC) point.

11. Continue editing all the VIPs until you get this middle point as high as possible (figure below).
Keep the first and last segments tangent to the original road.
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14400
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g
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Figure 11-5: Vertical Alignment after Curves Applied

You should also try to make the mass haul balanced. Mass haul is covered in more detail in following
exercises.

Note: To delete multiple points on the alignment or entire alignment click on Home | Delete Range
button. In you uncheck the All Points box and check Profile (Vertical IPs) to delete the entire profile.

12. % Fijle | Close. Do not save changes.



12. Cross Section Templates - Introduction

Cross section templates allow you to set parameters such as road width, surfacing depths,
shoulders, ditches and cut/fill slopes.

Templates interact with topography, super-elevation, sub-surfaces, and alignment(s) to produce final
design cross sections. It is important to understand that templates are not static; they adapt to each
cross section.

Users will typically create a set of standard templates for use in common design situations.
Templates, template components and road class specifications are stored in a template table.

This example will introduce you to templates and the Template Table Editor.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. Inthe Location module, open <RoadEngCivil> \Location2\bluff_road.dsnx.

2. Home | Templates, to open the Template Table Editor shown below.

3. Click on slope right . (to the right of the graphic) to prepare for the following section.

B Template Editor X
B orenatle | | [ Sove Table| 1 werge.. | | [ ctbrry.. | & waterss...| | [T\ RoadCass

o Templates 0+88.06
[ ™ DF - DEFALLT TEMPLATE

[ D RUR -Rural

[ ™ VAR - Slope based on fill height
™ UB1-Urban

@ ™ BRS - Bridge (5m Deck)

& B3 Roadway Components

151 B Ditch Components

@ B9 Slopes Components

0 B2 Walls and Barriers

@ B9 Eridges

1 B Misc. Companents

@ B2 Customer (partially tested)

¢ Fixed Sections

Template: Rural

OO0 B+ ¥

Properties. Codes.. Layers.

e [ @ Q@& Nw=AE (PR o ]| o

Figure 12-1: Template Table Editor Dialogue Box

4. Click on the + beside the template =* RUR-Rural to view its components as shown in the
figure above.

The template editor shows you the templates == contained in a table and the components &
contained in each template. These are the items you commonly work with.

Template Properties



3. <Right-click> on the == RUR-Rural template and choose Properties...

Template Editor Template Properties X

™ Open Table E Save Table | | Bt [EI Name (max. 4)

. [ |- Temgl_ates ] o
{1 ™ DF - DEFAULT TEMPLATE l Rural ] Description
f:l'_l - Unidic
P Ry SHE
Pl Ru T [M Indude Volumes
g g:: Add.. [Jpisable dearing and stripping
g g:: e Corridor Sections (CSX) +
™ AR Copy
L™ UBL Paste > Crown/Super Slopes %

i "™ BRS Flin . bt
BB Roac Left: Right:
(B Dlect Customize
HD S yaidate [20 | [20 ]
(B wall -
f:iab s Connection., | [/ Override with curve super
i Misc. Components [JMatch existing ground >
i B customer (partially tested)
1 Fivad Sections
& [

Figure 12-2: Template Properties Dialogue Box
There are relatively few controls in the Template Properties, most template flexibility is at the
Component level. Aside from the template Name and Description, the most commonly used
properties are the cross-fall slopes.
5. Change the Crown/Super Slope to -5% on the left and +5% on the right. Press OK.

Notice how the Roadway component is altered by the new crown slopes - this is what happens when
this template is applied inside a curve with 5% super-elevation (the template property Override with
Curve Super must be enabled). Some components are designed to adjust themselves to the
prevailing crown or super-elevation slope.

6. <Right-click> on the =* RUR-Rural template and choose Undo Modify to restore the initial
settings.

Creating and Deleting Templates
Although there is an Add button (and context menu), you will find the most intuitive way to create a

new template is to copy an existing template, paste it back into the table and then re-name and
modify it.

7. <Right-click> on the =* RUR-Rural template and select Copy.

8. <Right-click> | Paste > | As New. The new template will appear at the bottom of the list.

9. Select the new =* xx0-Rural template and use the Shift Up button * to move it up the list.



You could also open the properties and rename the template to RUR2 or similar. You would also
want to change at least one property or component to make the template different in a useful way.

Note: The fewer templates you have the easier it is to maintain them.

10. <Right-click> on the new “=* xxO-Rural template and select Delete to remove it.

There are four types of template components:

e Custom
e Roadway
e Ditches

e Slopes

Roadway, Ditches, and Slopes components are included for backward compatibility and their
behavior is mostly self-explanatory (and there is always <F1>). Custom components have replaced
and improved upon their features. You can tell when you are looking at an old-style component - the
properties dialogue boxes are quite different from the Custom components properties (figures
below).

In this document, we will work exclusively with Custom components.
Template Component Properties

Template components have parameters allowing you to configure the object for your specific design.
Template parameters can be any one of the following:

User This is the most common type of parameter. It can be a
numerical value (usually distance) or a slope percent.
Reference Feature | Allows you to specify an optional horizontal alignment instead
X Offset of a numerical offset from centerline. See Reference Features
for more information.

Reference Feature | Allows you to specify an optional vertical alignment instead of
Y Offset a numerical offset from centerline. See Reference Features for
more information.

Reference Surface | Allows you to specify a surface (rarely used).

11. <Right-click> on the & Rural Paved-left component of the = RUR-Rural template | select
Properties... to open the Template Component Properties dialogue box (Figure 12-3).



Template Component Properties

Class Description:

ROWY

Stack Component Process Up Show advanced parametars

Parameters

Ttem Default Override Uni ~
ACP_THICK s | | |
ACP_WIDTH 12.0

SHOULDER_WIDTH 6.0

SHOULDER_SLOPE 4.0 Y%
SHOULDER_V_OFFSET 0.0

MoTe TUTeE 1 n i
& >

Depth of pavement in project units (feet or meters).

I Defaults D\rerridesl
Created by Softree Sep 8, 2006

Advanced... |Connection... Cancel

Figure 12-3: Rural Paved Roadway Component Properties

This component allows you to change various parameters such as pavement thickness, lane width
shoulder width, and various thicknesses and slopes.

12. Change the lane width:

o Select ACP_WIDTH in the Parameters list; note the pavement highlight in the graphic.
o Change the Default value to 16.0; note that the graphic updates immediately.

Figure 12-4: Template Graphic Depicting the Effect of Changing the ACP_WIDTH Variable While the Component
Properties Dialogue is Open

Note: When there is a Feature option for a given parameter, it means that you can use a reference
feature centerline offset to define the parameter instead of the default value. Reference Features can
be defined by pressing the * button.




13. Press OK to accept changes and close the properties dialogue box. Notice the road has
widened on the left.

14. Similarly, open the Ditch-left properties dialogue box (Figure 12-5 below left).

o Select each available parameter and note the highlighted dependent parts in the

graphic. Also notice that the options and description change with each selection.
o Press Cancel to close the properties dialogue box.

Template Component Properties X Template Component Properties p.S
Class Description: Class: Description:
DTCHS | Ditch ‘ SLPS Biope Cut/Fil] |
Stock Component Process Up Show advanced parameters Stock Component Process Up Show advanced parameters
One sided ditch. Forms ditch as long as bottom is below ground. ‘
Parameters Parameters
Ttem Default Override Units Item Default Override Units
DitchDepth 1.0 FinalCutSip Auto %
DitchSlp X N FinalFilsip Auto %
DitchBotWd 10
Value: 50.0 21 v Value: Auto ¥
Ditch slope from edge of road to bottom of ditch | Final fill slope. ‘

Figure 12-5: Ditch and Slopes Component Properties

15. Open the Slope Cut/Fill-left properties dialogue box (figure above right). In this component
you can change the final closing slope. If Auto is chosen, as is shown in the figure above, the
slope will be taken from the material types found in the ground (cut slope) or fill (fill slope).
Choosing anything other than Auto will fix the slope and ignore the material types.

16. Press Cancel to close the properties dialogue box.

The ground slope buttons (shown below) allow you to view typical cross sections.
. Slope Right

~  Slope Left
= Cut
= Fill

17. Select the slope left button ” Notice how the black ground line changes and how the
template accommodates.

18. Click and drag the cross in the template graphic area. Note that you can change the template
position and see how it will behave in different situations.

19. Softree added this ability to change the template position (up and down, for example), the
difference between Cut “and Fill = cross sections have become irrelevant.

Note: The middle mouse pan and zoom work in the template graphic area. To turn off/on labels in the
Template Editor: Options | Select all the layers | Select/de-select Display Labels

20. Click on the split screen view button ® . The screen shown below will appear showing four

typical ground situations at the same time. Each template position can be adjusted with a
mouse click and drag.



[N Template Editor

= Open Tatle | | [ save Table | | BED merme.. | | [ elbray.. | | &G Materahs... | | [\Road Casa

£ "~ Templates Typical: Cut Typical: Slope Right
[ ™™ DF - DEFALLT TEMPLATE

#) " RUR -Rural

VAR - Slope based on fil height
™ UB1 - Urban

[ "™ BRS - Bridge (5m Dedq

@ P Slopes Components

1 B Wals and Barriers

1 B3 Bridges

@ B3 Misc. Companents

@ B3 Customer (partially tested)
= Fixed Sections

Typical: Slope Left Typical: Fill

Template: Rural

O 0 B i+ &

Properties... | | Codes... Layers...

Comeston.| | Vaimates | [amemen | (B Y (SR [N |=] (=] |EH P | R s Caneel

Figure 12-6: Split Screen View Showing the 4 Typical Sections

21. Click on the station button F on the right-hand side of the screen, and enter the value 300.
Press OK.

On the screen, you will see the template applied to station 300 of the design. This allows you to
quickly see how the template will appear before it is assigned.

Working with Components

Template components are interchangeable building blocks. A template table can also contain
optional folders containing re-usable components.

22. Click on the slope right button ™ to prepare for the following section.

23. Scroll down the template tree list and open the B Slopes Components folder (Figure 12-7).
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[ Open Tatle Bsmuu. B Merge @.w-y

4 Templates

4 OF - DEFALLT TEMPLATE

¥ "3 RUR - Rural

3 ™ VAR - Siope based on 1 heght

# ™™ ue1 - Urben

3 ™ BRS - Bdge (Sm Deck)

# B Rosdway Components

4 B Dtch Components
D Slopes Compenents
5 Skope ORFIHet
5 Siepe - Foed with-left
5 Siope - Fomd with 14 et
& Siope - Fomd width at-left
5 Sicpe wih Fll Widenng leht
5 Siope by Fil Heght-let
5 0ach Widening to ROW-leRt
B bench by £l HegPe-let

# B Customer (partaly Delete

. Copy
Crestes ot benches Paste
Fup
Customize
Valdate.
0nNECtON...
O 0B
Propectes... Codes... Layers...
Connecton... Vahdate.... Customize....

Q0QQ

Figure 12-7: Copying a Component from a Folder

24. <Right-click> on the & Bench by Cut Height-left (note to select by cut and not by fill)
component and select Copy.

25. Scroll up until you can see the RUR-Rural template again.

N Template Editor

|_D OpenTable! |E Save Tale | | BE] Merge.. | |@H elibrary.. | | &g Materik... | !_mﬁoadcass...}

0+88.08

= =~ Templates A

7 ™ DF - DEFAULT TEMPLATE

£ RUR - Rural
P Rural Pavedeft
i Rural Paved-right
| @ Ditchdeft
. Ditchright
@
L Slop Undo

g : ::: :L Properties

B BR5 -1 Add Fragment...

) B2 Roadw Delete

# B3 Ditch¢

= B Slopes ..(.?OF.:Y - S
| (@ siopi Paste 2 Ul mpmem&
| P Slopy Flip As New
g j:; Customize As New - L?ﬁ
& Siope validate.. As New - Right
i Slop, Connection... Parameters
|t Ditch WigeRing WROWIRE |
. (0 Bench by Fill Height-eft
| i Bench by Cut Height-eft

o P Walls and Rarrisrs M

Cloges to topo. Cut and Fill slopes independant.

Figure 12-8: Pasting a Component Into a Template
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26. <Right-click> on the & Slope Cut/Fill-left component in the = RUR-Rural template and
choose menu Paste | Replace Existing (figure above).

You will be prompted with the dialogue box shown below. This allows you to copy parameters
between similar components. In this case we just want to overwrite the component not the
parameters.

Paste Component Options

|:| Overwrite parameters only.

Figure 12-9: Paste Options when Replacing an Existing Template Component

27. Leave the Overwrite parameters only option unchecked (as shown in the figure above) and
press OK.

28. Click and drag the template down until you can see the cut benches - figure below (you may
also need to zoom out).

W Template Editor x
B open Tatle | | [ Save Tabie| | B8 Mewe.. | ctbray.. | &GF Meteis.. | | [T\Fosd Cass

=) "~ Templates 0+88.06
) ™ DF - DEFALLT TEMPLATE
1" RUR -Rural

& Rural Paved-eft

& Rural Paved-right

6 Ditchieft

& Ditch-right

@ Bench by Cut HeightJeft

& Slope CutfFIlright

[ ™™ VAR - Slope based on fill height

] ™ UB1-Urban

i ™ BRS - Bridge (Sm Deck)
nes

| B Customer (partially tested)
= Fived Sections

Creates cut benches

I
Properties... Codes... Layers..

| comecton.. | | vaicate... | | custonee... | (@B Q) & N[w[=]8 Pl Rs =F Cancel

Figure 12-10: The New Slopes Component is only on the Leftside

At this point you might want to change the new component’s properties. Is the bench wide enough?
Are the steps high enough?

29. Open the properties dialogue box for the new component and change BenchWidth to 15.
Press OK to commit the change.



30. Notice that the cut bench component is only on the left side. We will copy it (with its new
bench width) to the right:

o <Right-click> on @ Slope Cut/Fill-right and choose menu Delete.

o <Right-click> on @ Bench by Cut Height-left and select Copy.

o <Right-click> again & Bench by Cut Height-left and select Paste | As New - Right.
Notice the template now has cut benches on both sides.

Note: The order of components is important; components should be arranged from the center line out.
The left/right order is unimportant.

31. Use the Shift Up button * to move your cut bench component to the top of the list. Notice
what happens to the drawing.

32. Restore the order.
The e-Library

Softree maintains a library of template components on the web.

33. If you are connected to the web, press the e-Library button, within the template editor, to
open the dialogue box in the figure below:

Select Templates to retrieve.

FF1 Roadway Components

FF2 Ditches and Subcuts Select Al
FF3 Slopes Components

FF4 Links and Connectors Web Info
FF5 Walls and Barriers

FF6 Bridges

RE: Pipes and Penstocks

FF8 Overlays and Widenings

FF9 Misc. Compaonents

Figure 12-11: Component Folders available from Softree’s Website

34. Press the Web Info... button. The Template Resource page lists the available components
and their parameters.

Note: If you are using components, it is always best to load or reload them directly from the e-Library.

35. Press Cancel to close the dialogue box.

36. % File | Close. Do not save changes.



13. Volumes & Mass Haul

Note: Getting started section for file install folders (<RoadEngCivil> and <Defaults and Layouts>).

1. “E'File | Open <RoadEngCivil>\Location\Align stage 3.dsnx.

2. View | click the Screen Layout dropdown. Find and expand the Training folder and select
training Profile Only.dlt. This will set up your screen to look like the figure below.

Home Corridor View GPS Setup Profile -2 Xx
@ Zoom 200% @ Zoom Extents | Zoor 1983471 | & e @ Q-0 O|raning Profie onty.ct | [ save | [ Display Status
Qzoomsth @ ClearZoom | (@ Scoe Lock 0 e Verticl 3 Reere
Q Zoom Window ) Pan 3 Te Horizontaly | i O Delete

Zoom Window screen Layout Displey

- 125
120
L 1255
1250
b 125
b 120
L 12
)
1225
E 1220
1215
120
- 1205
L 1200
1o
|- 1190
- 11es
L 11e0
|- 1175
10
- 116
— 1160
- 11ss
110
— 1145
)
s
TR T O S PR R iE\:\'C\'TTTTT.TTT.TTT777"{7.7“\”7.7TTTTTTTTT.TTTTTTTTTTTTTT.TTTTTTTTTT’T
P ABEB SwEARE e P SNBQARBE QA 20w |

Figure 13-1: Location Design - training Profile Only.dlt Screen Layout

3. Activate a new Data Window B from the bottom navigation toolbar.

Change the columns displayed in the data window:

<Right-click> | Data Options...

4
5. Click the plus *'next to Point Types (Rows), this will open the Point Type Selection dialogue.
6. De-select any current selected point types (<double-click>).

7

<Double-click> on Auto interval points (xx.000 ft). If the interval is not currently set to 20.0 ft,
press Properties... to configure. Adjust the Interval to 20.0 ft. Press OK to return to the
previous dialogue.

8. Press OK to return to the Data Window Options main dialogue.

Press Columns.... Add the following fields as shown in the figure below:
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Data Window Fields

Available Selected

=-B3 volumes General A CutV, [ shiftup |
..... E‘ BN‘J’VOL Fill V. ==
----- B CutV. | shift Down |
----- ERi LA
----- B Lyriv.
----- B Lyr2w.
----- B Lyr3v.
----- B srfiv.

[ T 0 S BT b
| A | Remove.

Item Description
Mass H, - Cumulative total of cut and fill volume (exduding stripping).

Cancel

Figure 13-2: Configuring Data Window Fields

10. These are the subgrade volumes. Cut V. is the subgrade cut volume, Fill V. is the subgrade fill
volume.

11. Press OK twice to return to the Data Window as shown below:

Otraining Profile oniydie - | [ Save Display Status
3 Retreve
O Delete
Screen Layout Display
SGCut V. SGFil V. Mass H D
Cu.Yd. CuYd. Cu.Yd.

389.6 i e
6159 00 L
66298

3635 00
1127.4 00 Tl
1406.9 00 P
16806 0.0 20
1898.5 0.0 Lot
20657 00 Ll
2106 00 M2
23214 00 o2
69449

23258 00
2145 0.0 ol
20453 0.0 i
135305

18183 00
18576 00 i
12655 0.0 oo s
181719

966.7 00
6674 00 T80
4126 00 et
20236

1513 0.1
e e 203898
5 S 203148
19985 1

00 8644
00 1085.4 20T
00 15912 dodss
00 2196 lootsd
00 28939 oiag
00 326 e
00 304 eien
00 3128 S
1425.8
00 2988.7 oy

00 24985
00 20086 i
60709

00 16912
00 12716 gl
00 10309 s
9964 6

00 8095
43 6064 Jores
432 4336 e,
11766.7

1381 296
2533 2002 o
3822 1389 L
11628.9

5057 930
2 By 11216.2
e i 10683.4
10082.2

6663 291
665.1 29 Sl
38029

319378 331064

310498 428526 v
A EH — ’ — » eSS S
P ABEE SwERE e o o O S B s B @ s

Figure 13-3: Data Window with Sub-grade Volumes

Note: Data Window details can be copied and pasted directly into an Excel spreadsheet. To do so, <right-
click> | Copy Data to Clipboard, then open Excel and paste.
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The Mass Haul graph gives you quick, qualitative information about cut / fill volumes and
movements. In this exercise, you will explore the options available for configuring this graphic.

Mass Haul is a graphic representation of accumulated volume; at any station, the value is the
accumulated cut volume minus the accumulated fill volume up to that point. The difference in Mass
Haul between two points indicates the volume of surplus (positive difference) or deficit (negative
difference).

The default setting for mass haul includes only sub-grade material, however it is possible to select
specific materials to be included.

12. Activate the Profile window " *% from the bottom navigation toolbar.

13. <Right-click> in the Profile window | select Profile Options... to open the dialogue box shown
below left.

14. Press Select... at the bottom of the Sub-Windows area. This will display the two-list dialogue
box shown below on the right.

: | 163.9
it | Select profile subwindows to display. X

Horizontal |:519‘2
Available Selected
P-Line Sub-Windows 1
Alignment + - e | B Borrow/Waste ~ [Masshaut  [EEEETSTS
P-Line topo + B Cut/Fill
L-Line topo ¥ =
2 Cut/E Shift Down
[JRoad edges 4 [Iculvert symbols = ;':It_m" A
[siope stakes 4 [eridge Symbols ; B Lyl Gnd:
[JGround Layer 1 4 [“Labels B B Lyr2 Gnd;
= ot & B Lyr3Gnd:
. 4 i i =

[ eround Layer 2 ade guides i P Mass Haul
[Irnished grade + [Ref. Features + 2 opt. Haul
[#IReport Points +|  [JTempiate codes + 2 P-5in (non-linear) v
[ scroll bars Select... Remove

Faxed Window
pG!Id & ok Cancel Item Dascription

Mass H. - Mass Haul graph. Cumulative total of cut and fill volume (excluding
| stripping).
oK
CANCEL

Figure 13-4: Profile Sub-Windows to Display

15. Select Mass Haul, press Add (or <Double-click>) to add it to the Selected list as shown
above.

Note: The profile sub-windows area can display multiple items. All sub-windows will share the same
horizontal axis (station) with the profile window.

16. Press OK button twice to accept changes and close the dialogue boxes.

— 20000 P Mass Haul (Cu. Yd.)
3 k. ¥ Selection Toel

Aadredn I ool

‘Add/Edit Repert Pr. Teol

— 10000 Gt avt T

e Tool ilength, area)

- g493.590, 883 i Pofile Options cobw = =
. \ Copy Mass Haul to Ciphosid - 3
Whass Haul Options...

— -10000

¥

l/'d‘&\ﬂ'lﬁ@ﬁ%ﬁnﬂh | P SDE QO & O @ s s
Figure 13-5: Mass-Haul Displayed in a Profile Sub-Window.

17. Move your mouse over the divider between the main profile window and the mass haul; when
it changes to the sizing cursor %, click and drag up to make more room for the mass haul.



18. <Right-click> in the mass haul window | select Mass Haul Options... to open the dialogue
box shown in the figure below.

Mass Haul Graphic Options X

Vertical Scale Line Formats cut Materials |+

[Mavte 31687167 All SubGrade Cut
Mass Haul...

Grid... Zero Line...

Advanced mass haul

[CFree Haul +  Distance: | 100.000 Fill Materials -+

All SubGrade Fill
[Jover Haul +~  Distance: |500.000
[ eorrow *

[waste +  [Juse optiHaul volumes

Cancel

Figure 13-6: Mass Haul Graphic Options Dialogue Box

19. The concepts behind the mass haul diagram are discussed in detail in the help document.
Type <F1> and read the help text if you are unfamiliar with terms such as Free Haul, Over
Haul, Borrow and Waste. Close the help window when you are done.

20. Within Mass Haul Graph Options dialogue box, press the Grid... button to display the
common grid and axis label control. Notice that the horizontal axis is disabled - it would be
identical to the Profile axis and therefore redundant. Cancel button to close the grid options.

21.The Mass Haul... and Zero Line... buttons allow you to control the line style and color of the
basic graphic items as shown in the Figure below.

22.Turn on all four Advanced mass haul items. This enables hatching.

Advanced mass haul

[]Free Haul +  Distance:
[v] over Haul +  Distance:

Borrow

(] waste + [ Juse OptiHaul volumes

+

Figure 13-7: Advanced Mass Haul ltems Enabled

The Free Haul Distance and Over Haul Distance are controlled by the fields on the right (see Figure
above).

The plus button = beside each item allows you to control the hatching style and color. The hatching
in the figures below was chosen for black and white printing; you don’t need to change the current
values.

23. Press OK to accept changes and close the options dialogue box.
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Figure 13-8: Mass Haul with Advanced Features Turned On

Note: That the hatch styles are different from the ones on your screen so that we can print this
document in black and white.

Material which is pushed or pulled a distance less than

Free Haul 4 ¢ Free Haul distance (100 ft.).
Over Haul Material moved beyond Free Haul Distance (100 ft.)
and less than the Overhaul Distance (500 ft.).
Material which must be trucked in from outside the
Borrow .
road project.
Material which must be trucked outside the road
Waste

project (End haul).

24, 1t is possible to modify the mass haul to account for borrow and waste. We will add a new
Borrow pit:

Home | Assign by Range.

Select the Pits tab.

Add... Set the access station to 450. Press Ok.

Select Borrow and uncheck Variable volume (smart pit).
In the Volume (Cu. Yd.) capacity box enter 8000.

Press OK.

O O O O O O
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arameters by Range X

Templates Fill Types SubHorizons Site Prep  Overndes Pits

Add.. | | Remove ©Borr0w
OWaste

[ variable volume (smart pit)
NOTE: To obtain an intemally balanced road, do
not define any pits The pit must supply the specifed volume of material.

Comment | |
Access station: 450.000 | Madify Station...
Access distance (ft.) m

Material: !GE V| Gnd table value:

Excavation cost ($/Cu. Yd.): 1200 S;1|
Volume (Cu. Yd.) Usage -
Site preparation ($):

Figure 13-9: Assign Parameters by Range, Pits Tab

25. In the Recalculate Range prompt, enable Re-Cost, as shown in the image below:

Recalculate Range

Harizontal Alignment(s)

Current only All +

Fraom Ta
Cross Sections All 0.00 2286.58

Caorridor Surfaces

Re-Cost

| oK | cancel |

Figure 13-10 - Recalculate Range Prompt with Re-Cost Selected
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View  GPS  Setup s

H%Eﬁ]”@ £

o e T
aaaaaaaaaa

i

Figure 13-11: Mass Haul after 8000 Cubic Yards Borrowed at Station 4+50

Now there is no need to pull material back across the gully.

26. % 'File | Close. Do not save changes.
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14. Alignment Design and Volume Balancing

In this section, we will explore some of the RoadEng® features for alignment design and earthwork
balancing. We will also introduce several Softree Optimal features such as Design Time Costing,
Optimal Haul Calculation, Smart Pits and Quick Fit Profiles. These features are included in the basic
RoadEng® software and are very useful for speeding up workflow, comparing alignments and
reducing construction costs.

These functions are covered more completely in the Softree Optimal documentation (downloadable
from the documentation section of the Softree Support website).

NOTE: This exercise assumes that you are familiar with mouse editing of vertical and horizontal
alignments.

This project has the following goals and constraints:

Realign less than 2500 feet of road. e Template constraints:
Increase design speed to 40 mph. o Lane width.

Grades less than 8%. Shoulder width.
Tangent to existing road (vertical and Material types.
horizontal). Material thicknesses.
Balance sub-grade volumes. Cut and fill slopes.

e Minimize cut and fill volumes.

e Minimize right of way (road foot print).

e o o o
O O O O

e Vertical Curve constraints:
o Design speed.
o Sight stopping distance.

e Horizontal Curve constraints:
o Design speed.
o Super-elevation.

Our goal here is to adjust both vertical and horizontal alignment within the constraints given so that
we minimize and balance volumes. We start by assuming that the template given is correct.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. “E'File | Open <RoadEngCivil>\Location\Align stage 3.dsnx in Location Module.

The outermost lines on either side of the alignment are the slope stakes or catch points
(configurable in the Plan Options dialogue box). The area inside the slope stakes is the footprint of
the road that must lie within the right of way.



Toe of Fill

Toe of Cut

Figure 14-1: Green Dot Slope Stakes (catch point) Lines in
the Plan Indicates the Footprint of the Design

2. Press the Activate Profile Window button = , in windows toolbar, to open the Profile window
using in the windows toolbar and notice shape of the ground and the quantities indicated by
the mass haul diagram (figure below).

3. Enter selection mode W(<Right—click> | choose Selection Tool) then click on the alignment

@F to view a cross section in the middle of the through cut (red cross in the profile shown
below).
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Figure 14-2: The Road Passes Through a Hill and Therefore has Large Cut Volume.

4. Press Activate Plan Window button ~ , in windows toolbar. You can see the contours
representing the hill under the current point.

5. Press Activate Horizontal Curve Panel button ® , in windows toolbar. To navigate Previous IP

S or Next IP = buttons to the first curve.

6. Check the Use Minimum Radius box (figure below). Notice that the radius can be reduced to
600 ft without reducing the design speed.

" Horizontal Curves

; Design Speed (mph)
. Radius (R)
; Use Minimum Radius ]
Max Super-Elev. (%) 5.0
Table Super-Elev. (%) 5.9 Auto 4]

Actual Side Friction (f) 0.118

Transition Length BC 200,000
Auto +
= 200,000
Transition Fraction 0,667
Tan. Runout (len/%) 33,898 Ato

Widening Inside [Jaute
Outside [ auto

(") Na Curve (®) Cirde () spiral

Figure 14-3: Use Minimum Radius Checked Defines the Smallest Curve
Possible Given Design Speed, and The Super-Elevation Table



7. Apply the smaller 600 ft radius to both curves. This will give you some room to move the
horizontal alighment, so it is not so far up the hill.

Change to edit mode \ <Right-click> choose Add/Edit IP Tool.

In the Plan window, move C1 (the IP for the South curve) North and move C2 (the IP for the
North curve) South (both while maintaining tangency with the old road).

If you move the C2 too far south, the cross section will extend beyond the edge of the surface model
(figure below). Be sure that the fill areas of the road do not fall off the topographic surface. You will
never be able to balance the mass haul diagram this way.
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Figure 14-4: Plan and Section Windows Depicting What Occurs When The Road Section Extends Beyond the
Original Ground Surface Model

10. Note that a captured curve IP will stop moving (and there will be an audible beep if you have
sounds on) when the curves bump into each other and become an S curve.

11. Open Activate Profile Window button " and notice the new shape of the ground (figure
below).
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Figure 14-5: Alignment Closer to the Old Road (but still 40mph) Significantly Reduces the Volumes

12. Adjust the vertical alignment to balance the volumes; use the mass haul diagram (figure
above shows an almost balanced Mass Haul).

In Figure 14-5 above, the material cut to pass through the hill is about 28,000 cu. yds. (8000 +
20000). After the grades have been reduced alignment the footprint becomes smaller.

Your design will be different from the example in the figure, but you can use the same techniques to
quickly evaluate its quality.

13. Note that it may be considered unsafe to have an S curve. Continue modifying the design
until you are comfortable with:

e Vertical and horizontal IP editing (including adding and removing IPs).
e Vertical and horizontal curve editing.
e Moving around the various Location windows.

14. % 'Fjle | Close. Do not save changes.

RoadEng® contains several features from the Softree Optimal technology. This section will briefly
introduce these functions.

Note: These functions are covered more completely in the Softree Optimal documentation
(downloadable from the documentation section of the Softree Support website).

The following features are available:
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e Design Time Costing - dynamically calculates the cost of a design based on cut, fill and
material movement.

e Optimal Haul Calculation- determines the best (lowest cost) way to move material.

e Smart Pits - Automatically determines the pits to borrow and waste material.

e Quick Fit Profile - Quickly calculates a starting vertical alignment which matches your
curvature and grade constraints.
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Figure 14-6: Softree Optimal Features.
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Design Time Costing

Cost reporting and feedback is useful at all stages of design (preliminary, detailed and construction
estimation).

Design Time Cost Reporting is the ability to accurately evaluate the cost of a particular design
interactively before it is complete. Softree Optimal provides interactive and automated feedback to
report earthwork costs. This functionality is extremely useful for manual design and is a prerequisite
for optimization.

Earthwork cost calculations are based on material excavation, embankment, movement and
borrow/waste locations.

Design Time Cost Reporting

N
s \
/ :
g, ; Option A
Design Option A Softree Optimal : ¢
Cost Calculator |
| J\
1
- Provides real-time :
(instantaneous)cost 1 e
. reporting. : Option B
Design Optien B 1 $
-Is & prerequisite for :
optimization: : \/\
i
- Uses sophisticated 1
= techniques to : amm
determine material
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associated costs. :
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Final Design ] g
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Figure 14-7: Design Time Cost Reporting
Optimal Haul Calculation

When Softree Optimal calculates the cost of an alighment, it determines the lowest cost prescription
(or recipe) for moving material. We call this the Optimal Haul. The Optimal Haul is a detailed
description of how material is moved along the alignment, and from/to borrow/waste pits.

Traditionally the mass haul diagram has been used to represent material movements, however it has
some drawbacks. The mass haul diagram does not fully expose the Optimal Movement Prescription.
It does not provide a detailed schedule of earth movement between stations and it does not handle
the concept of material quality introduced in the case of multiple materials.

The Optimal Haul Diagram addresses these two deficiencies.
The Optimal Haul diagram illustrates the Optimal Movement Prescription (as determined by Softree
Optimal).
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Smart Pits

The smart pit feature allows the user to determine the best location to borrow or waste material from
a set of pits. Each Pit has the following information:

Access station - location on the
alignment from which the pit is
accessed.

Distance - from access station to the
borrow/waste site (sometimes called
dead-haul distance).

Elevation - at the pit. Press the Get from
Alignment button to assign the same
elevation as at the Access Station.

Material - available (borrow pit only).

Excavation $ - Cost to excavate (borrow
only).

Waste quality - The minimum material
quality required (non-variable only).

Capacity limit - Maximum volume of
borrow or waste (variable only).

Volume - Exact amount of borrow or
waste (non-variable only).

Quick Profile

Borrow or Waste site

Access road -~

. Distance
Access Station

Figure 14-9: Smart Pits account for access
road distance

Quick Profile generates, if possible, the closest profile to the ground considering all the geometric
constraints defined by the user. The cost of this alignment will also be calculated.

The Quick Profile feature is very useful for determining if an alignment is feasible based on K values,
min/max grades and predetermined control points.



15. Costing

Cost reporting and feedback is useful at all stages of design (preliminary, detailed and construction
estimation).

In addition to being a very useful function for road design, cost calculation is a prerequisite to
alignment optimization; the optimizer minimizes the cost. In this example, we will use design time
costing with a hand designed road alignment.

Note: Design Time Costing is part of RoadEng® and does not require a Softree Optimal license.

Alignment Properties Panel

The Project Explorer Panel was added to the Location module in Version 9.0 and it replaced the
Alignment Properties Panel. The Project Explorer Panel was created to improve the organization of
horizontal and vertical alignments and report cost and other information related to design time
costing and vertical alignment optimization. The main differences from the Project Explorer Panel
and the previous panel are that the Project Explorer Panel displays an organization tree that includes
both Horizontal and Vertical alignments in the same window and the buttons at the top of the panel
have been removed; many of these buttons have been relocated in the Corridor tab of the main
ribbon.

1. “E'File | Open <RoadEngCivil>\Location\Align stage 3.dsnx in Location Module

2. Onthe View tab, click the Screen Layout dropdown. Find and expand the Training folder and
select training costing.dlt. from the dropdown menu. Your screen should look like Figure
15-1 below.

[7] Dispiay status

H Display.

ha [S=E=]
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Figure 15-1: The Location module with Project Explorer Panel



Project Explorer Tree

The top part of the panel is an organization tree; the top level of the tree is the design, the level
below the design is a list of horizontal alignments associated with the design, the level below that is
a list of vertical alignments associated with the parent horizontal alignment, the levels below that
provide the user a summary of alignment constraints, Borrow/Waste information, and results. When
the screen layout is initially opened, several of the layers are not visible as the tree is not fully
expanded.

3. Click the # button next to Horizontal Alignment 1* to view the vertical alignment(s)

associated with the parent Horizontal Alignment (as shown in Figure 15-2 below).

[5)-- 4 Design:Align stage 3

-2 .F’J H-align1

[ 'ﬂ? V-alian 1

Figure 15-2: Project Explorer organization tree showing the project’s design,
horizontal alignment, and vertical alignment.

4. Click the # button next to V-align 1* to expose the Constraints, Borrow/Waste, and Results
levels of the tree (as shown in Figure 15-2 above).

[=i-- @ Design:Align stage 3

= J;é H-aligni

+ Constraints
[ £ Borrow/Waste

+ 4 Results

Figure 15-3: Project Explorer organization tree with the V-align* level expanded.

The tree displays parameters that are used for cost calculations and alignment optimization. Both
are closely related; however, the Constraints level of the tree is only applicable to optimization. In the
remaining two levels (Borrow/Waste and Results) you will find information that is used for design
time costing of both designs that were generated by hand and with Optimal.

5. Click the 2 button next to Borrow/Waste, Results, and the # button next to subsequent
lavers to explore the remaining levels of the Project Explorer tree that are related to costing.

The parameters related to cost calculations are briefly outlined below.
e Borrow/Waste

o Pits - Summarizes information regarding the use of pits to address material surplus
(waste sites) or deficits (borrow sites) generated during the construction of the road
prism. These features are located at user defined points along the alignment. The
volume associated with them can be a volume assigned by you or calculated using
smart pits (see below).

o Sidecast - Summarizes information regarding the disposal of excess material along
the road right-of-way. The cost to do so is assumed to be equal to the freehaul
loading cost.

e Results
o Cost Calculations - Provides you the status of the cost calculation.



Information Area

The bottom part of the Project Explorer panel is the

reporting area. It displays information about the H-algnl @ Urits

selected alignment such as volumes and costs. V-align 1

The contents and order of this list is configurable. COm Sape Cost out of date

<Right-click> and Set Report Fields. o rproceased
Total cost 709.28 1000's $
Cut cost 516.63 1000's
Fill cost 172.21 1000's $
Haul cost 20.43 1000's $
Pit preparation... 0.00 1000's $
Freehaul volum... - Cu. Yd.
Overhaul volume - Cu. Yd.
Endhaul volume - Cu. Yd.
Process time - HH:MM:SS
Opt. Gap

Figure 15-4: Reporting Area

Cost Reporting

Now let’s use the Design Time Costing features.

6. Inthe Home tab of the main ribbon, press the Recalculate Range & button to open the
dialogue box below.

Recalculate Range

Horizontal Alignment(s)

Current only All -

[o

Cross Sections all 0.00 2786.58

Corridor Surfaces

Re-Cost

Cancel

Figure 15-5: Recalculate Range dialogue box
7. Setthe Re-Cost check box and press OK.

Note: Alternatively, the alignment can be Re-Cost by right clicking the alignment you wish to cost in the
Project Explorer tree and selecting Re-Cost. Another example using this methodology is provided below.

After the calculation, you may notice the values in the reporting area of the Project Explorer Panel
have been updated, are no longer greyed out, and appear as shown in Figure 15-6 below.



H-alignl ® Units

V-align 1
Cost status Determined
Last Process Unprocessed
Total cost 709.18 1000's §
Cut cost 516.63 1000's §
Fill cost 172.21 1000's §
Haul cost 20.34 1000's $
Pit preparation... 0.00 1000's §
Freehaul volum... 42169.4 Cu. Yd.
Overhaul volume 883.5 Cu. Yd.
Endhaul volume 0.0 Cu. Yd.
Process time - HH:MM:SS

Opt. Gap

Figure 15-6: The reporting area of the Project Explorer panel after the alignment was Re-Cost.

Note: You can expand the Project Explorer tree and it will indicate that a cost was successfully found. It
also indicates that “Overflow: 948.2 Cu. Yd of excavated OB could not be wasted. Consider adding a
waste pit with equal or lower quality material.”

We will be looking at Smart Pits in detail in an upcoming chapter.

The next steps will demonstrate the change in cost when the vertical and horizontal alignments are
adjusted.

Note: It is assumed the reader is familiar with interactive design using RoadEng®; however, even if you
haven’t used RoadEng® before, you can probably follow along by reading the bulleted steps.

8. In the Profile Window, change the vertical alignment slightly:

e <Right-click>and change to the Add/Edit IP tool.

e Move your mouse over a VIP (Vertical Intersection Point - square box symbol).
e <|eft-click> to capture a point.

e Move the point slightly and <left-click> to re-anchor the point.

Note: The information list is displayed grey after design modifications cause the costs and other items to
be out of date.

9. Note the values in the reporting area of the Project Explorer Panel then Recalculate Range
(Re-Cost the alignment) as before.

Note that the costs are different. Now to streamline this procedure, automatically updating costs
with all design changes:

10. In the Project Explorer tree, <right-click> V-align 1 and select Cost Calculations

The Calculate Costs dialogue box will appear as shown below:



Calculate Costs-H-align1 | V-align 1 X

Additional Sampling

Spadng:
|:| Selected pts.: 119

[]search for a good spacing (for accurate costing)

Auto - re-cost automatically after manual design
changes

Calculate all vertical alignments

Cancel

Figure 15-7: Calculate Costs dialogue box.
11. Set the Auto checkbox; then press OK.

Note: By default, the software will calculate volumes using all report points where cross sections are
generated. To increase costing accuracy, additional cross sections can be sampled. This can be
accomplished by specifying a spacing for additional sampling in the Additional Sampling section of the
Calculate Costs dialogue box.

Now your design will automatically re-calculate the cost any time it is changed. This is only sensible
for short alignments where Re-Cost doesn’t take too long.

12. In the Plan window, capture and move an IP slightly and observe the updated cost.

Note: If Auto is checked (Figure 15-5), the cost will automatically update each time the alignment is
changed. In some situations, this will noticeably slow recalculation.

Cost Parameters

The earthwork cost values reported in the steps above are dependent on the volumes and types of
materials excavated and embanked. RoadEng® allows you to specify what material layers are found
in the ground and what materials you are using for subgrade fill. To calculate costs, you also need to
provide cut/fill cost for each material and generic haul cost information.

Note: This document uses $ for currency. You can change the currency symbol by selecting menu
Module-Setup and choosing the Units tab.

13. In the Corridor tab of the main ribbon, click the Vertical % button and select the options <
button.

The Vertical Optimization Options dialogue box will appear.
14. Then click on the Unit Costs tab.



General Standards Control Pts. Pits
Earthwork OQOther

[ //08 Overburden (Default)

Unit Costs Constraints Optimization Display Log

Excavation and
| Handling costs ($/Cu. Yd.) Quality factor embankment COStS,
Excavation: 12,00 Q1 (worst) v material Specific.
Embankment: [ 4,00 <

Movement Costs (for all ground types)

Overburden (Default)

Hauling Loading

$/(Cu. Yd. xmi.) $/Cu. Yd.
Freehaul (< 792.0 ft.): 0.00

T

Movement costs,

Overhaul (792.0-5280.0 ft.): 4.00 0.60 Comm'on to all
materials.

Endhaul (>5280.0 ft.): 2.00 2.60

New Delete

Haul costs ... [CINo Cost (fast)
------ Libraries ------
Save Open... =
2=l Design Costs
* Ground types, unit costs, and costing method shared by all alignments
OK Cancel Help

Handling Costs

Quality Factor

Movement Costs

Movement Costs - No
Cost

Figure 15-8: Cost Parameters

The Excavation and Embankment (Cut/Fill) costs are dependent on material
type. Unit costs are entered in $ per Cu. m (or $ per Cu. Yd.).

Used to control fill operations. When fill material of a given quality is specified,
any material with the same or higher quality can be used as fill.

Are common to all material types. There are up to 3 haul categories (Freehaul,
Overhaul, and Endhaul); this allows you to model up to 3 different types earth
moving equipment (for example bulldozer, scraper and truck/excavator) the
distance for each type of haul depends on the Hauling and Loading costs.
Press the Haul costs button to modify these values (also see note below).
e Hauling Cost (cost to move material) has units of $ per (Cu. m x km)
or $ per (Cu. Yd. x mi).
e [oading Cost (cost to load material prior to moving) has units of $
per Cu. m or $ per Cu. Yd.

When the No Cost check box is set, your options for Movement Costs are
eliminated. When this is applied, there is no cost calculated for transporting
material along the alignment.



Note: For alignment optimization and comparative costing, costs don't need to be exact. The ratio
between the costs is what determines the better alignment (i.e. the ratio between cut, fill and haul
costs). And, even if the total $ cost is not precise; it can still be used to compare different alignments
and options.

Note: You can save your ground table, including costs, to a small file (extension GDX) for use in future
optimizations (Save/Open buttons).

15. Press the Haul cost button. This is where you can edit your movement costs.

3
A
792.0 5280.0 ft.
Unit costs Calculated distances
T T Hauling Loading
(L COS o $/(Cu. Yd. xmi.) $/Cu. Yd.
) 2
Freehaul (< 792.0 ft.): 8.00 0.00 Freehaul (ft.): 792.0
Overhaul (792.0-5280.0ft.): | 4.00 | [0.60 | Overhaul (ft.): 5280.0
Endhaul (>5280.0 ft.): 2.00 \ [2.60 |
Update OK Cancel

Figure 15-9: Haul cost edit dialogue box.

The graph above shows how the transition distances of 792 Ft and 5280 Ft are calculated in the
example. Changes to the unit costs for Hauling and Loading will adjust the calculated distances.
Movement costs are assumed to be linear with distance; this agrees well with empirical haul
equipment productivity data. The haul distance where it becomes cheaper to switch from Freehaul to
Overhaul or from Overhaul to Endhaul depends on the intersection of the linear cost graph (see
figure above).

The Ground Types dialogue contains information that is common to RoadEng®. It can be accessed
from the Alignment Panel using the Options button; it can also be accessed from the Edit | Edit
Ground Types menu.

The volume for each distance category is reported in the Alignment Panel as Freehaul, Overhaul and
Endhaul.

16. Try experimenting with a few changes to the unit costs. Press Update to see how the
calculated transition distances change.



Note: In some cases, you may only want two haul categories and you may want the transition distance to
be set at an assigned distance (rather than calculated). To do that, click Unit cost control drop down and
select Freehaul control. This changes the Haul cost edit dialogue box to appear as shown below and
allows the user to specify their maximum freehaul distance.

=
A
792.0 ft.
Unit costs Calculated distances
Hauling  Loading
2 Ll $/(Cu. Yd. xmi.) $/Cu. Yd.
Freehaul (< 792.0 ft.): 9.33 0.00 Freehaul (ft.): 792.0
Overhaul (>792.0 ft.):
Update OK Cancel

Figure 15-10: Haul cost edit dialogue box with Freehaul control selected.
17. Press Cancel to close the Haul Costs dialogue.

18. Press Cancel to close the Vertical Optimization Options dialog.
Optimal Haul

If you have spent any time thinking about the problem of costing road earthworks, you know that
calculating the haul cost is not trivial; especially if you have multiple borrow/waste pits and different
materials in the ground along the road corridor. Before reporting the haul cost, Softree Optimal
solves an optimization problem to determine the lowest cost haul specification that balances
material.

19. %= ‘File | Close. Do not save changes



16. Smart Pits

This example illustrates two new pit properties: (1) Pits can now have a variable volume; (2) Pits
have a site preparation cost.

1. File | Open <RoadEngCivil>\Location\Align stage 3.dsnx in Location Module.

2. View | click the Screen Layout dropdown. Find and expand the Training folder and select
training Opt Haul.dlt. This will set up your screen to look like the figure below.
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Figure 16-1 Training Opt Haul.dIt screen layout

3. Activate the Data window in the bottom left-hand corner (click in the window).

Note: pressing the B restores the already active window. If the Data window is not activated, add a new
window by selecting Window | New Window | Data.

4. Ensure that the mass haul column is added to the data window:

e <Right-click> in the data window. Select Data Options.

e Press Columns. This will open the Data Window Fields dialogue.

e |n Available, scroll to the Volumes General folder, open it and locate Mass H., press
Add (or <double-click> it).

o Press OK twice to exit the dialogues.

The Mass Haul is close to (but not quite balanced), there is a deficit of 198.1 Cu. Yds of material. We
will add some variable Smart Pits to the project to understand their properties and to better balance
the mass haul.

5. View the pit properties for the current alignment:

¢ Inthe Project Explorer, <right-click> on V-align 1, select Vertical Options... and select
the Pits tab.



Press Add, place a Borrow Pit at the start of the alignment, ensuring the Variable
Volume (smart pit) checkbox is checked as shown in Figure 16-2.

Vertical Optimization Options X
General Standards Control Pts,  Pits Unit Costs  Constraints  Optimization Display Log
®) Borrow
i @ Variable volume (smart pit)
O Waste

NOTE: To obtain an internally balanced road,
do not define any pits.

The pit will supply material if required by the opti haul calculation.

Pit1: Borrow variable Stn: 0+00.000

Comment: |
Access station: 0.000 Mod'lf‘] Siaﬁan. o
Access distance (ft.): 0.000
Material: |8 | Gnd table value:
Excavation cost (§/Cu. Yd.): 12.00 12,00 Set |
[ valume {Cu. Yd.): Inf Usage:
Site preparation (8): 0.00
oK Cancel Help

Figure 16-2: Pits Tab for the Selected Alighment

e Press OK to close options.

Note: You can also access the Pits dialogue box from menu Edit | Assign Parameters by Range.

6. You will be prompted with the Recalculate Range dialogue. Check the box next to Re-Cost.
And press OK.

Notice in the Data Window that the Mass Haul is now balanced. The pit volumes have been updated
to balance as shown in the figure below:
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Figure 16-3 - Balanced Mass Haul after Addition of a Smart Waste Pit
The software can also decide which pit should be used if there is a choice. At this point, Pit-1 is being
used for all waste as there are no alternatives.
7. Add variable borrow pit at station at the end of the alignment:

o Make sure that V-align 1 is selected.

o Inthe Project Explorer, <right-click> on V-align 1, select Vertical Options... and select
the Pits tab.

e Press the Add... button in the Pits dialogue box.

e Select End of Alignment in the Pit Access Station dialogue box, press OK to accept
and close.

e Make sure that Borrow and Variable volume (smart pit) are set.

Volume is set to inf (infinite); you can optionally limit the excavatable volume of the pit by setting this
property. Site preparation cost is set to zero by default.

8. Press OK to close the options dialogue box.

Recalculate Range X

Horizontal Alignment(s)

Current only All -

Cross Sections All 0.00 2286.58

Corridor Surfaces

B ——

Figure 16-4: Recalculate Range Dialogue Box with the Re-Cost Option Set

9. Ensure the Re-Cost check box when prompted with the Recalculate Range dialogue box
(Figure 16-4)



10. Press OK to recalculate and update the Optimal Haul.

Notice how the software determined the better borrow pit location was at the beginning of the
alignment:

[Freehaul  [I3]Overhaul  [5JEndhaul (X3 Sidecast  PBorow Pit {JWaste Pit ~40 Cu. Yd. [

10000 Cu. Yd. |

] Opti Haul Diagram (Cu. Yd.)
20000 S

o C!Pitl {Borrowi Dist: 0.0 ft.
E: gFreehaul (All): —> 198.1 Cu. ¥d.
|

= 9400

= 20400
— 25400
= 26400
— 27400
: 28400
_ 28400

Figure 16-5: Borrow Pit Usage at Stations 0+00 and 22+86 (half moon symbols).
You can hover over a pit, the black half-moon symbol, in the Opti Haul diagram to understand the
volume of its use. Notice that Pit1 at 0+00 is used. Our pit at 22+85 is not being used.

Smart Pits are an excellent planning tool for deciding feasibility and placement of waste and borrow
pits.

11. % File | Close. Do not save changes.



17. Setting Up a Screen Layout

In this exercise, you will configure the window locations and some window options to emphasize
horizontal curves (for use in Horizontal Curve Details).

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>)

1. “'File | Open <RoadEngCivil>\Location\Align stage 4.dsnx in Location Module.

2. Maximize the plan window. <Double-clicking> in any window title bar will maximize it. Arrange
your screen to resemble Figure 17-1.

3. Ensure the Horizontal Curve Panel ? is visible.

Note: Once the panel is open the user can click on the Auto Hide "* to maximize the screen viewing
space.

@ Zoom 200% @ Zoom Extents | Zoom: 1200000 || &es O [SelectScreen Layout .. <|| [ save | 7] Display Satus
CaEelE Doy, | B 03 ) i
Q Zoom Window < Pan 5 Tie Horz i O Delere ‘
Zoo Screen Layout Disply |
Ba q\l
GIITAYE=IE I
IP and Tangent Parameters.
5
samtn
=
s
! ] v
< >
FrABED v R e P SOB AR Q Q& wwme wmen |

Figure 17-1: A Screen Layout with Docked Curve Panel
and Maximized Plan Window

4. Open the Plan Window Options dialogue box. <Right-click> | Plan Options... and check the
box next to Background display.

5. Press Ok. The Plan Window should be updated to look similar to the image above.

6. Plan | Plan Options, click the * button beside Report Points to pop up the Report Point
Properties dialogue box (figure below, center).
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Figure 17-2: Plan Window Options, Report Point Properties
and Symbol Formatting Dialogue Boxes

7. Select Curve Transition Points (calculated) in the list and then press the Symbol... button. If
not already set, change the symbol to Tick (Large) and dark green (0,64,0) (as in figure
above, right). Press OK, OK, and OK again to accept changes and close all dialogue boxes.

The changes you’ve made in the last few steps have changed the look of the screen, but they have
not modified the actual design - no alignment or cross section changes. These changes and the rest
of the Screen Layout can be saved to your hard drive for later use.

8. Save the current configuration in a new screen layout:

(@]
location)
(@]
(@]
o Press Save button

® Save Screen Layout

<Double-click> to open the Training folder.
Type Training Test in the File name field. Refer to figure below.

View | Save Screen Layout button (This will open the default Settings and Layouts

&« v 4 <« ProgramData » Softree » RoadEng10 » Training v | D ? Search Training
Organise « Mew folder Bz - e
~
s Name Date modified Type Size &
3 Quick access -
B Deskiop " U SoftreeOptimal.dit 29-Jan-2018 10:37 A DLT File 18 KB
|_| training as-built.dit 10 DLT File 18 KB
oF Network o [ . . )
5 | | training Costing.dit 0 DLT File 18 KB
+ I
"' Bownloed | | training Culvert.dit DLT File 17 KB
=/ Documents |7 training Curve H.dit AM  DLT File 14 KB
[=] pictures + |1 training Curve v.dit AM  DLT File 14 KB
As-Build || training Mormal.dit BM DLT File 15 K8
Localization ™ || training Opt Haul.dit 29-Jan-2018 AN DLT File 18 KB v
File name: -
Save as type: | Screen Layout (*.dlt) =
~ Hide Folders Cancel

Figure 17-3: Saving a Screen Layout: View | Save Button




9. You will be prompted with a reminder about save locations for screen layouts. Press OK to
continue.

10. You have just created a screen layout that will appear in your Screen Layouts tool bar item
for easy retrieval. Training Test.dlt is now in the dropdown menu within the training folder.

11. View | Select Screen Layout (dropdown) to retrieve another screen layout: training Curve
H.dlt (located in the Training folder).

12. (OPTIONAL) Try opening some of the other screen layouts available.

Note: When accessing screen layouts or opening new windows (Profile, Plan, Section, Data, 3D, Multi-
Plot) window can get lost behind one another or minimized. Using View | Cascade or Tile Vertically can
be useful find open windows.

e The Custom folder is often defined on a network drive so that the layouts are accessible to
all users.

e You can change the Softree folder (RoadEng Settings and Layouts folder) from the menu
Setup | Location Setup | Install tab. Do not do this unless you understand the
consequences; more than just screen layouts are stored in this folder. The most common

change is to put Defaults and Layouts Folder into your Documents folder (private to one
user only).

13. When you have finished experimenting with screen layouts, %' File | Close, do not save
changes.
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18. Horizontal Curve Details

Using Help

There are too many possible curve configurations to cover them exhaustively in this exercise. So, the
first thing you need to know is how to view the help files for the curve panels.

If you are already familiar with the RoadEng help documents, you may wish to skip this exercise.

1. Setup | Help button or <F1> key for context sensitive help. You will be presented with the
window shown below.
B Location Help = O *

Hide Back Forward Prnt  Cptions

Corterts |ndex Search Favortes

= ([ Softree Technical Systems Inc.

@ Softree Common (
@ Temrain Module
@ Cable Module

@ Location Module Engineering an Easier Way
@ Survey./Map Module

LOCATION DESIGN

The Location Design medule will allow you to design a road while
giving you selected feedback so that you can make engineering
decisions based on your priorities.

The following topics are included in this section:

Installation
Knowlege Base
Files

Function Groups

Waorking with Location
User Interface Reference

< >

Figure 18-1: The Front Page for Location Help

The curve panels are not dialogue boxes (although they look like they are).

2. Select the Search and type “curves” into the text box and press List Topics. Select Horizontal
Curves Panel - Advanced Mode | <Double-click> on this item or press Display. The help
window should now look like the figure below.
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E? Location Help

&
Hide  Back

Corterts  Index  Search Favorites
Type in the word(s}to search for:

i
List Topics | | Display |

Found: 247

Location e

Location Help
Horizontal Curves Panel - Advanced Mode cable
Herizontal Curves Panel - Advanced Mode Termain Help
Product Info - RoadEng Civil Engineer Lite Softree
Horzontal Curves Panel - Advanced Maode Survey/Map Help
Honzontal Curves Panel - Simple Mode Location Help
Horizontal Curves Panel - Simple Mode Terain Help
Product Info - RoadEng Forest Engineer Lite Softree

Horizontal Curves Panel - Simple Mode Survey/Map Help

Horizontal Curves Panel - Simple Mode cable

Curve Table ftems cable

Curve Table tems Location Help
Curve Table tems Temain Help
Curve Table tems Survey/Map Help
Product Info - RoadEng Civil Engineer Softree

Vertical Curves Panel - Advanced Mode Terain Help

Vertical Curves Panel - Advanced Mode cable
Vertical Curves Panel - Advanced Mode Survey/Map Help

Product Info - Terain Tools 20 Softree
Vertical Curves Panel - Advanced Mode Location Help
Product Info - RoadEng Forest Engineer Softree
Vertical Curves Panel - Simple Mode Temain Help

Viedtieal Ciirves Panal - Gimnla Mada

Siinsenr/Man Heln

[] Search previous results
[ Match similar words
[[] Search titles anly

Horizontal Panel - Advanced Mode

The Horizontal Panel allows dynamic modification of the currently selected Horizontal IP
or (visible in the Plan Window). It is activated by selecting the Window - Mew Window -

Harizontal menu or by clicking the W button on the Standard toolbar. See also
Horizontal i

To switch to Simple Mode:

Simple Mode does not includes spiral ENEE, some super-elevation control and design speed.
Open the Road Class Specifications dialog by clicking the button on the Panel.
Select the Simple ﬁ option and press OK. The Panel will close and then re-open in
simple mode. The the Rozad Class Specifications dialog is also available as a tab in the
Template Table dialog box.

Title bar

At the top of this window is a description line showing the number and stationing of the
currently selected or IP if applicable.

This type of Window can be displayed as a docked panel or as a floating window. See Panel
Windows. Common Features for more information.

MR Parameters

Note: m parameter controls are disabled until a Circle or Spiral radio button is
selected (see below).

< >

Figure 18-2: Horizontal Curves Panel - Advanced Mode Help Page

This page has information about all the controls in the horizontal curve panel. It also has many links

to related topics.

3. Click on Vertical Curves Panel - Advanced Mode in the list to display its help page.
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Survey/Map Help
Softres

Temain Help
cable
Survey/Map Help
Softree
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Select topic: Found: 247

Title Location i

Horizortal Curves Panel - Advanced Mode Location Help

Horizortal Curves Panel - Advanced Mode cable

Haorizortal Curves Panel - Advanced Mode Temain Help

Product Info - RoadEng Civil Engineer Lite Softree

Harizontal Curves Panel - Advanced Mode Survey/Map Help

Harizortal Curves Panel - Simple Mode Location Help

Horizontal Curves Panel - Simple Mode Terrsin Help

Product Info - RoadEng Forest Engineer Lite Softres

v

[[] Search previous resufts
Match similar words
[ Search titles only

Vertical [(MI[§7:- Panel - Advanced Mode
The Vertical Panel allows dynamic modification of the currently selected Vertical IP or

(visible in the Profile Window). It is activated by selecting the Window - New Window -

M menu or by clicking the ¥ button on the Standard toolbar. See also Vertical
Cuvesh

To switch to Simple Mode

Simple mode does not include sight distance and design speed.

Open the Road Class Specifications dialog by clicking the button an the Panel.
Select the Simple ﬁ option and press OK. The Panel will close and then re-open in
simple mode. The the Road Class Specifications dialog is also available as a tab in the
Template Table dialog box.

Title bar

At the top of this window is a description line showing the number and stationing of the
currently selected or vertical |P if applicable.

This type of Window can be displayed as a docked panel or as a floating window. See Panel
Windows . Common Features for more information.

S Parameters

<

Figure 18-3: Help Window depicting the Contents Tree and

Vertical Curves Panel - Advanced Mode Help Page

4. Close the Help window.

In this exercise, we will examine the Horizontal Curve Panel in detail.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1.
2.

Y=/ File | Open <RoadEngCivil>\Location\Align stage 4.dsnx in Location Module.

View | Select Screen Layout (dropdown) to retrieve another screen layout: training Curve

H.dIt (located in the Training folder).
3. If prompted by a Recalculate Range dialogue, press OK to proceed.

Your screen should look like the figure:
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Figure 18-4: A Screen Layout with Docked Curve Panel,
Plan Window and Section Window

Radius, Design Speed and Super-elevation

The most common way to define a safe horizontal curve is by using a super-elevation table. However,
you may define curves manually if you wish.

4. The first curve should already be current. If it is not, navigate & 10 the first curve.

Design Speed (mph)
Radius (R)
Max Super-Elev.(%)
Actual Super-Elev. (%) Oauto =+

Actual Side Friction (f)  0.118

Figure 18-5: The Top Part of the Horizontal Curve Panel

5. Uncheck Use Minimum Radius box and then turn off the Auto check box (Figure 18-5). Note
that you can then define the super-elevation for a given curve manually.

The Actual Side Friction is the coefficient of friction required to keep a vehicle on the road;
alternately, it is the sideways acceleration felt by the driver (as a fraction of the acceleration of
gravity, the “g-force”). The smaller the better.



Design Speed Radius Super- Side
(mph) (feet) Elevation (%) Friction
40 600 6 0.118
40 600 0 0.178
40 1200 3 0.059
30 600 3 0.07

Figure 18-6: Side friction factor for various speeds, curve radii and super-elevation values.

6. Turn the Auto check box back ON and press the plus * button beside it to open the Auto
Super Elevation Options dialogue box (Figure 18-7).

Auto Super Elevation Options X

Choose the method used to calculate automatic Super-Elevation.

(@) Use table (based on design speed and radius) | select table...

(O use side friction factor

cance

Figure 18-7: Auto Super Elevation Options Dialogue Box

The use of the side friction factor method is defined in the AASHTO 2001 handbook. It relies on a
table of “safe” side friction factors to calculate maximum speed given radius (or minimum radius
given speed) using physical principals. It is possible to use this method to calculate the values for a
super-elevation table; the two methods need not give different results. The side friction factor
method is discussed in the help text and will not be discussed further here.

7. Press the Select Table button to open the Lookup Table dialogue box (Figure 18-8).

Lookup Table X

Lookup table for Super-Elevation given Design Speed and Radius. The first column contains radii while
the first row contains speeds.

Superelevation table, radius in feet, speed in mph, Emax = 0.06 A
Softree Example - edit this table to accommodate your specifications...
First column is radius (feet)

First row is design speed (mph)
Body is Superelevation value (unitless)

30 35 40 45 50 55 60 70
275 0.06
300 0.06

400 0.056  0.06

500 0.051  0.057

600 0.047  0.054  0.059

700 0.044 0.051 0.057 0.06

800 0.041 0.048 0.054  0.059

900 0.039 0.045 0.051 0.057 0.06
1000 0.037 0.043 0.049 0.055 0.059

Save... [TJinterpolation oK Cancel

Figure 18-8: Super Elevation Lookup Table Dialogue Box



Super-elevation Table Facts

e The blank area of the table represents unsafe combinations of radius and speed.

e The top of each column in the body of the table is the maximum super-elevation. Given a
speed, the corresponding radius is the minimum allowed; given a radius, the corresponding
speed is the maximum allowed.

e Super-elevation is defined by rise over run - the tangent of the angle (not %).

e Interpolation means that if the speed or radius is in between table entries, the super-
elevation value will be linearly interpolated between the values in the body of the table.

e This table is stored in the template table (inside a design document or in an external file).

e Super-elevation tables can be imported/exported from/to simple text files (comma or tab
delimited). Spreadsheet programs can also import and export these files.

e Lines starting with “#” characters are excluded from the table when importing text files - the
comments at the top of the table in the figure above were marked in this way.

e Softree does not (as of this printing) provide officially approved tables. However, there are
metric and English versions included in the RoadEng install (<Defaults and
Layouts>\Superelevation EMax 06.tbl and Superelevation EMax 06 - Feet.tbl, respectively).

Note: *.tbl files can be viewed and edited using notepad.

8. Press Cancel to close the table and Cancel again to close the Auto Super Elevation Options
dialogue box.

Sometimes when your options are limited, it is best to design alignment with the smallest safe radius
- you can always increase the radius later if you have room.

9. Check the Use Minimum Radius box and then check the Auto button beside Radius. In this
mode, you can type a desired Design Speed and the software will use the super-elevation
table to find the minimum safe radius. Try a few values.

10. If you type a speed outside the table (20 mph for example) you will see the error message
below (top). If you type a speed greater than 40 mph (45 mph for example) you will see the
warning below (bottom). You can ignore the warning and apply the curve anyway if you wish.

A Radius too small

@ Design speed excedes road dass value

Apply

Figure 18-9: Curve Error Messages
Road Class Specifications

Each curve has its own Design Speed; the maximum design speed for the entire road is specified in
the Road Class Specifications.



11. Press the Road Class Specifications button Ao open the dialogue, as shown in Figure
18-10 (below).

Road Class Specifications X

Road Classification Vehicle Limitations
Description | | Minimum Radius

Design Speed (mph) Minimum Sag K

Minimum Crest K
Driver Limitations

Reaction Time (s) Deceleration ft/s/s | 9.9999999

i 2.9999999
Eye Height Acceleration ft/s/s
Object Height Max Grade

Min Grade | -10

e Max Super Elevation
i
Super Elevation... v P

Max Side Friction... Degree of Curve

) AT

Transition Length... v BRI D e

Widening... [C]simple Curves
o

Figure 18-10: Road Class Specifications Dialogue Box

Road Class Specifications are stored with your Template Table. Each class of road will have a few
typical cross section templates, a design speed and other parameters that are common from road to
road. You should have a template table (.TPL file) for each class of road you may design.

If you are using a super-elevation table, the parameter in the Road Class Specifications most
important for horizontal curves is the Design Speed. The other parameters are mostly concerned
with vertical curves, are redundant or can be accessed directly from the horizontal curve panel.
Transition Length and Widening tables are accessible from the curve panel and are discussed below.

If you turn on the Simple Curves check box you disable many features to reduce complexity - this is
often used for private access roads. You can type <F1> for more information.

12. Press Cancel button to close the Road Class Specifications dialogue box.
Curve Transitions

Transition Length

The Transition Length is the distance from half-crown to full super, also known as the Super
Elevation Runoff; it is labeled Length of Runoff in the figure below. In a spiral curve, the Transition
Length is also the spiral distance (from tangent to spiral (TS) to spiral to circle (SC) and from circle to
spiral (CS) to spiral to tangent (ST).
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Figure 18-11: Cross Fall Behavior when Entering a Curve

13. Clear the Auto box beside the two Transition Length values and note that you can now
manually enter a different value for BC (begin curve) and EC (end curve), shown in the figure

below:
Ti ition Length BC
arston rgh® (o000 |
e

Figure 18-12: Manually Configuring Transition Length

14, Re-check the Auto box beside the two Transition Length values then press the associated
plus * button. The table shown below will be displayed.

Lookup Table X

Lookup table for Transition Length (Super Elevation Runoff) given Design Speed and Radius. The first
column contains radii while the first row contains speeds.

Superelevation Runoff table, radius and length in feet, speed in mph, Emax = 0.06 A
Softree Example - edit this table to accommodate your specifications...
First column is radius (feet)

First row is design speed (mph)
Body is Superelevation runoff length (feet)

0 30 35 40 45 50 55 60 70
275 175
300 175

400 125 200

500 125 175

600 100 175 200

700 100 125 175 225

800 100 125 125 200

900 100 125 125 175 225
1000 100 125 125 175 200

Save..  [_]Interpolation oK Cancel

Figure 18-13: Transition Length Table.
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When Transition Length is automatic, you are forced to use the same length for begin and end of
curve. Like the super-elevation table, this table can be imported/exported from/to an external text
file. To make changes, export, edit and re-import.

15. Press Cancel to close the Transition Length Lookup Table.
Transition Fraction

For a circular curve, the Super Elevation Runoff may start before the curve BC and end after;
similarly, at the end of the curve, the transition starts before the EC and ends after. The Transition
Fraction is the amount of transition that happens outside the curve (before BC and after EC).

For example, if Transition Length = 90 feet:

e |f Transition Fraction is 1.0, the Super Elevation Runoff starts 90 feet before the BC point
and full super-elevation is reached at BC.

e |f Transition Fraction is 0.667, a common standard, the Super Elevation Runoff starts 60 feet
before BC and full super-elevation is reached 30 feet beyond BC.

In a spiral curve, the Transition Fraction is not used (the Super Elevation Runoff always happens in
the spiral section).

Tangent Runout Length

Tangent Runout length is the distance from full crown to half crown (see cross fall behavior figure
above).

16. Clear the Auto check box associated with Tan. Runout (len/%). Note that you can now enter a
length manually.

17. Re-check the Auto check box associated with Tan. Runout (length). Now the caption reads
len./%; the automatic value displayed is the tangent runout length for each % of crown (if
your crown is 2%, you multiply this number by two to get the total length). When set to
automatic, the Tangent Runout happens at the same rate as the Super-Elevation Runoff.

Curve Widening

Small radius curves require lane widening to accommodate large vehicle off tracking. The Widening
fields allow you to define a different widening distance for inside and outside lanes.

Note: Your cross-section template must have curve widening built-in for these values to have any effect.

18. As with other curve parameters, you can extract widening values from a table by setting the
Auto check box. If time permits, you may wish to experiment with this feature. There is a
widening table called: <RoadEngCivil>\Location\WideningFeet.tbl.

19. %='Fijle | Close, do not save changes.



Now we will look more closely at the curves we have created to see how the super elevation is
applied along the alignment.

1. % File| Open to open <RoadEngCivil>\Location\Align stage 4.dsnx in Location Module.

Use the Screen Layouts tool bar control to retrieve <Defaults and Layouts>\training\training
Curve H.dIt.

3. If prompted by a Recalculate Range dialogue, press OK to proceed.

4. Use the next A or back =% buttons in the bottom navigation tool bar (NOT in the curve
panel) to move the current point to the tangent before the first curve (figure below). This is
before station 4+10.

9] Display Status

Screen Layout Display

o) | et L
= ~ | Desion Speed (mohy 0.000
Radus () o000

Use i Radius
Max Super-Elev. (%) 00
Actalsuper£ev(h) ) Auto
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Transiton Length BC.
s
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(en/o)
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Figure 18-14: Section Window Text Area Depicts Super-Elevation While the Plan Window has a Curve Transition
Report Points Displaying (Green Tick)

Cross sections are calculated at all the horizontal curve transition points (unless you explicitly turn
off this feature).

In this screen layout, these points have been given a green tick symbol, so you can see them in the
plan window.



Full Super-elevation = 6%

Begining of Curve
Super-elevation = 4%

TThird Tick
Super L=-2.0%, Super R =+2%

T 7 . Second Tick - End of Tangent Runout
Super L = -2.0%, Super R = 0.0%

First Tick - Full Crown
Super L =-2.0%, Super R =-2.0%

Figure 18-15: Plan Window Curve Transition Report Points Displayed (Green Ticks)

5. Use the next S button to move the current point to the first (southmost) tick.
The cross section shows full crown with super slope of 2% (Super L =-2.0%, Super R =-2.0%).
6. Click the next button and watch the section window. Continue clicking the next button. The
outside (right) cross fall is increasing. Stop when you get to the next tick mark.

The second tick mark is the end of tangent runout and the beginning of super-elevation runoff. The
right hand cross-fall is 0.0%. Note that the station is 133.3 ft less than the BC station - 2/3 of our
transition length.

7. Continue clicking the next button until you get to the next tick mark.
The outside lane has rotated until it is tangent to the crown slope on the other side (Super L =-2.0%,
Super R = +2.0%). From here on both sides will rotate.
8. Continue clicking the next button until you get to the BC point. Here the super-elevation is
about 4% (2/3 of the final value).

9. Continue clicking the next button until you get to next tick mark. This is full super-elevation
(6%).

10. Use the Horizontal Curve Panel to navigate ™ to the end of curve 1. Change the Transition
Fraction to 0.5 and re-apply the curve. Note how transition points move.



Curve Transition Overlap

What happens between the two curves?

11. Use the next o button to step through the cross sections near the tangent between the
two curves.

Note: When there is not enough distance between curves for the full transition, the software will skip the
crown cross sections and go directly from one super-elevation to the other (with one flat cross section in
between in the case of an S curve).

12. Bring the Profile window " to the front and maximize.

The sub-window has been configured to show the super elevation (refer to figure next page).
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Figure 18-16: Profile Template Parameters Sub-Window
with Super Elevation Displayed.

13. If time permits, move the curves closer or farther apart and repeat your cross-section audit.

The super elevation graph is useful to view transition of super elevation. To display graph: <Right-
click> in profile window, select Profile Options. Press the Sub Windows Select... button, select Tmpl
parameter(s) - 1.

14. %' Fijle | Close. Do not save changes.



19. Vertical Curve Details

In this exercise, we will examine the Vertical Curve Panel in detail.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. In Location, %’ File| Open <RoadEngCivil>\Location\Align stage 4.dsnx.

2. View | Select Screen Layout (dropdown) to retrieve another screen layout: training Curve
V.dlt (located in the Training folder).

Your screen should look like Figure 19-1.
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Figure 19-1: Vertical Alignment with Docked Vertical Curve Panel

3. Use the Previous IP < and Next IP ™ buttons within the vertical curve panel to move to
the first vertical curve.

4. This curve has been configured to find the smallest possible curve that has a safe sight
stopping distance. Ensure the Auto check box for Sight distance is enabled and check
Parabola button.

5. Change the Design Speed to 30. Notice how the sight stopping distance drops, as does K
and the length of curve.

6. Setthe Design Speed back to 40.

7. Press the Road Class Specifications button Bt open the dialogue box shown below.



Road Class Specifications X

Road Classification Vehicle Limitations
Desaription Minimum Radius @
Design Speed (mph) E Minimum Sag K ID
Driver Limitations MinmuiCestK E’
Reaction Time (s) E Deceleration ft/s/s | 9.9999999
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P ] Stationing Distance [ 100 |
Widening... [[]simple Curves
Cancel

Figure 19-2: Road Class Specifications Dialogue Box

When Sight distance (stopping) is automatic in the vertical curve panel, it is calculated from the
steepest grade in the curve and the following values from the Road Class Specifications:

o Design Speed
e Reaction time
e Deceleration

When curvature, K, is automatic in the vertical curve panel, it is calculated from the required Sight
distance and the following values from the Road Class Specifications:

e Eye Height

e Object Height

Note: You can type <F1> for more information.

8. Press Cancel to close the Road Class Specifications dialogue box.

9. <Right-click> in profile window, select Add/Edit IP Tool>move cursor to capture the vertical
intersection point for this curve. Move it up and down.

Notice how the values in the curve panel are kept up to date. With the curvature set to automatic,
both the length and the curvature (K) change as the VIP is moved.

Locked K

10. Clear the Auto check box below the design speed. Make sure the Lock K button is selected
and press Apply.

11. Repeat the experiment from step 9. Now the K value is constant and the length changes as
you move the VIP up and down. Notice that the “K is too small for desired sight distance”
warning appears and disappears (larger grades require longer stopping distances and
therefore larger K values).

Locked Length



12. Select the Lock L button and Apply your change. Again, capture the VIP and move it with the
mouse. Curves with constant length will never bump into one another when you raise or
lower the VIP; however, the curvature changes dramatically.

13. %='Fjle | Close. Do not save changes.

So far, we have created and edited intersection points only with the mouse (both vertical and
horizontal). The curve panels also allow you to create and edit IPs.

1. "'File button | Open <RoadEngCivil>\Location\Align stage 4.dsnx.

2. View | Select Screen Layout (dropdown) to retrive another screen layout: training Curve V.dlt
(located in the Training folder).

3. Use the Previous IP o and Next IP 2 buttons to move to the second vertical curve.

IP and Tangent Parameters

Change in Grade 33

Station Elevation Grade

BC 868.345| 1205225 0.7

P 968370 | 1204.550 |

EC | 1068.396  1200.533 | 4.0
IR, IE@ 1R,

Figure 19-3 : The Bottom Part of The Vertical Curve Panel

4. Change the elevation of the IP to 1210 (shown as 1204.550 in the figure above) and Apply
your change. Note how the curve moves vertically.

Note: You can fine tune your alignment by making small changes to the VIP Station, Elevation values.

5. Press the Modify IP > putton to open the Modify Vertical IP dialogue box (Figure 19-4).

Modify Vertical IP

Coordinates

Station 968.370 HD 595.365
Elevation | 1220.474 Delta z | 11.507
CoiGo

Changes do not affect design until you
m Press Apply in the Panel

Cancel

Figure 19-4: The Modified Vertical IP Dialogue Box Allows the User to Set
the Grade of the Previous Tangent (Among Other Things)



6. Type “2” into the Grade % field (Figure 19-4) and press OK to close the dialogue box.

Your Elevation value in the curve panel has been updated.

7. Press Apply in vertical curve panel to change the curve.

Note: You can also edit horizontal alignment curves in the Horizontal curve panel in an analogous way.

8. "= File | Close. Do not save changes.



20. Materials and Stripping

So far, our “Align Stage” design has ignored the quality of the material in the original ground. If you
looked a little closer, you would find that all subgrade cut and fill material is classified as OB
(overburden). This is a common practice and produces acceptable results (provided that you assign a
reasonable expansion factor to OB so that the Mass Haul is approximately correct).

In this exercise, we will add some more realism to our design by defining materials in the original
ground and in the subgrade fill. We will also strip topsoil from the original ground before applying
templates.

1. “E'File | Open <RoadEngCivil>\Location\Align stage 4.dsnx.
2. Select Home | Ground Types.
3. Create a new ground type for use in subgrade fill:

o Select the FR Fractured Rock item.

o Press the New... button to open the New Ground Type dialogue box (figure below
right). Note that we start with a copy of the selected item.

o Fillin the ID RR and Description Rip Rap.

o Press OK.

Slopes
Cut Fill

% % New Ground Type

1/2:1 M 1 b

D Description

0
v
| Fractured Rock ‘ cut Eill i Ral
P [:ll.nnn [:IB.BDD [ ] composite material
el

Newi... Delete
= HibFries ———

Save... Open...
e Design Costs

oK Cancel

Figure 20-1: The Available Ground and Subgrade Fill
Materials in the Ground Types Editor.

Note: The Composite Material option can be used for uncertain or mixed materials found in the original
ground - F1 for help.

Note that the RR fill angle is set to 100% (1:1); this is suitable for our purposes, so there is no need
to change it. The cut angle is not important as we will not assign this material as native ground.

4. Create another material called CS-Clay Silt with cut slope of 1:1 and fill slope 3:1.

Note: The default ground table is called NORMAL.GDX.




5. Press OK to accept changes and close the Ground Types Editor. Respond Cancel to the
recalculate prompt (we didn’t change anything that is in use).

Assign original ground materials to a station range:

6. Home | Assign by Range
7. Select the Sub Horizons tab (Figure 20-2 below left).

Templates Fill Types SubHorizons  Sits Prep Overrides Pits
New Range
Ground Layers From Stn ToSt

| " ‘ ‘ ‘ - | Ground Layers x
Add/Edit
Layer1
Ranges
Ground Type C/LDepth
Ground Layers From Stn. To Stn,
———— O a0 ]
Layer2
Ground Type C/L Depth
CS Clay Silt <
Layer3 Edt
Ground Type
FR Fractured Rock
Cancel

0K Cancel Apply Help

Figure 20-2: Defining Materials in The Original Ground.

8. Pressthe ™ button beside the Ground Layers field to open the Ground Layers dialogue box
(Figure 20-2 above right).

Note: If you define reference surfaces (Terrain files with a DTM) you can use them to define the C/L
depth values. This would require bore hole data or like create enough subsurface points to make surface
models.

9. Select the three subsurface layers shown above (OB, CS, FR) and then set the layer depths

(1, 5).
10. Press OK to close the dialogue box and fill the Ground Layers field in the Sub-Horizons
dialogue box.
Assign Parameters by Range
Templates Fill Types SubHorizons  Site Prep Overrides Pits
New Range
Ground Layers From Stn. To Stn.
0B/1.00/CS/5.00/FR | = - | [- |
Ranges
Ground Layers From Stn. To Stn

Figure 20-3: Sub-Horizons Have Been Applied to The Entire Alignment



11. Leave the From/To Stn. values as “..” and press the Add/Edit button. This will apply the new
layer arrangement to the entire alighment.

Note: The most common mistake made in the assignments dialogue box is to skip the Add/Edit step. If
you Press OK before the ranges are updated, nothing happens.

12. Press OK to accept changes and close the dialogue box.
13. Respond OK to the Re-calculate Range prompt.

14. Select a cross section that has some cut in it (ie stn 17+25). Notice that the new ground
layers are displayed.
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Figure 20-4: Ground Layers Depicted in The Section Window.

The design total volumes haven’t changed because of the new ground layers. However, the program
is now keeping track of three categories of cut volume which can be reported separately.

15. %'Fjle | Close. Do not save changes.

Now we will remove the top layer before building each cross section.

1. “'File | Open <RoadEngCivil>\Location\Align stage 5.dsnx.
2. Home | Assign by Range. Select the Site Prep tab (figure below).
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Assign Parameters by Range

Templates Fill Types SubHorizons Site Prep  Overides  Pits
Clearing
________ Left T FromStn.  To Sin
Min. CiL Min Slope Min. C/lL Min. Slope |
Offset Stake Offset Offset Stake Offset
L | [o b ] P Add[Edt
Overburden Remaoval
Outside |nside
Depth from topo:
2 | S S ——— —————Rlight—
Slope stake - base *  |Slope stake -base v
[ Limit depth from C/L. ofset 5 Ofset ]
Code: |RE Code:  |RE
Ranges
Site Preparaions Parameters From Stn. ToSin.
10.0.0.0.0,0.0.00RERE0.0.0.0.RE RE 0.0.9998
Cancal Appiy Help

Figure 20-5: Site Preparation Dialogue Set Up for Stripping
(It also can control clearing offsets)

3. Inthe Overburden Removal area, set the Depth from topo to 2. Leave the default zero offsets
in the Inside tab.

4. Setthe Outside controls to Slope stake - base, Offset: 3 feet (both sides as in Figure 20-6).
This will strip 3 feet outside the template footprint.

Press the Add/Edit button under the From Stn. To Stn. boxes.

Press OK to accept changes and close the dialogue box. Respond OK to the re-calculate
prompt.

7. Zoom in on the cross section left or right-hand side. Notice that the stripping line is displayed
(Figure 20-6).
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Figure 20-6: The Top Ground Layer has to been Stripped Off

The total volume of cut will have been reduced and fill increased. The OB cut volume will now be zero
and there is now a non-zero Stripping volume available for reporting.

Some important facts about stripping:
e Stripped material is excluded from the mass haul - it is assumed to be unsuitable for fill.
o The depth stripped will be the value assigned in the Site Prep dialogue or the top surface
layer thickness, whichever is least. In the above example, the top layer (OB) is only 1 foot
thick so that is the stripped depth.
e Stripping happens before the template is applied to a cross section.

8. ¥ File | Close. Do not save changes.

The templates we have used so far have fixed cut and fill slopes. In the following steps, we will
change the final slopes component so that it extracts slopes from the materials in the ground or in
the fill.

1. % File | Open <RoadEngCivil>\Location\Align stage 6.dsnx.
2. Home | Assign by Range. Select the Templates tab (Figure 20-7).



Assign Parameters by Range

Templates Fill Types SubHorizons Site Prep Overrides Pits

MNew Range
Template Name From 5tn.  To Stn.
Add/Edit
Ranges
() Left (@) Both () Right
Template Name From Stn. To Stn.

RUR Rural .. ..

Cancel Apply Help

Figure 20-7: Assigning the RUR Rural Template to The Entire Alignment.

3. In Template Name, choose RUR Rural. Leave the default “..” in the From/To fields.

4. Press the Add/Edit button, this will apply the new template to the entire alignment. The
dialogue box should appear as in the figure above.

Note: The most common mistake made in the assignments dialogue box is to skip the Add/Edit step. If
you Press OK before the ranges are updated, nothing happens.

5. Press OK to return to the main screen. Respond OK to “Recalculate road alignment”.

6. Click on the section window window to select it. Section | Jump to Station type in <Ctrl-J>
and type station 1675. Press OK to update the current section.

16+75.000 b 1215 16+75.000
F 1215

4210 - 1210

L 1205 - 1205

L 1200 - 1200
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Figure 18.8: Template on The Left has Fixed Slope Values, while
The One on The Right Has Slopes Set to Auto



7. The RUR Rural template has the cut and fill slope parameters set to automatic. The result of
this change is to significantly reduce the cut material due to the steeper cut angle in the
deeper FR layer.

This technique is used in the Culverts exercise later.

8. “'File | Close. Do not save changes.



21. Template Assignments

Templates can be assigned to a range of stations. The following example will demonstrate how this is
done by adding a road side barrier to one side of a road.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. %' File | Open <RoadEngCivil>\Location2\bluff_road.dsnx.
Creating a New Template

Select Home | Templates, to open the template table editor.
<Right-click> ™ RUR-Rural and select menu Copy.

<Right-click> “™Templates and select menu Paste | As New to create a new template. The
new template (xxO-Rural) is highlighted and appears at the bottom of the list.

Use the Shift Up button * to move the new template to just under RUR-rural.

Click on the Properties button and type in BAR in Name and Rural Paved with Barrier in
Description. Press OK.

Template Properties X

BAR] Name (max. 4)

| Rural Paved with Barrier | Description

Include Volumes
[ ]pizable clearing and stripping

Corridor Sections (CSX) #

Crown/Super Slopes %
Left: Right:

Override with Curve Super

Cancel

Figure 21-1: Template Properties

Now that you have a new template, you need to add the barrier component.

7. Open the EWalls and Barriers folder and choose & Barrier-left. <Right-click> and Copy it to
the clipboard.



8. Locate new template = BAR- Rural Paved with Barrier template created above. <Right-
click> and choose menu Paste | As New to add the new barrier component. It will appear at
the bottom of the components list.

9. Open the Barrier-left component Properties...| change CL_OFFSET parameter to 15. Press
OK to exit the properties dialogue box. Your template should now appear as in the figure
below:
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) ™ VAR - Slope based on fil height
™ UB1 - Urban

ayers.. | [<
comecton...| | vaidate... | | amomze.. | B P R Q N w = A H PRSP Cancel

Figure 21-2: Template with Barrier

10. To make this template more useful, we will put the barrier on both sides. <Right-click> on &
Barrier-left and Copy it to the clipboard. <Right-click> again on & Barrier-left and select menu
Paste | As New- Right.

11. Press OK to accept the changes and close the template editor. It is all right to respond
Cancel to the recalculate prompt because the new template has not been assigned yet.

12. If you had problems with the previous steps or if you wish to start here, open
<RoadEngCivil>\Location2\bluff_road-2.dsnx.

13. Home | Assign by Range to open the Assign Parameters by Range dialogue box (Figure
21-3). Select the Templates tab.



Assign Parameters by Range
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Figure 21-3: Assigning a Template to a Station Range
The barrier will be placed between stations 840 and 1080 but only on the left- hand side.

14. In the Ranges area, select Left. Do this first because it resets the template name and range
fields:

o Inthe Template Name control, choose BAR Rural Paved with Barrier.
o Inthe From Stn. edit box enter 840 and in To Stn. enter 1080.
o Press the Add/Edit button. The dialogue box should appear as in the figure above.

Note: The most common mistake in the assignments dialogue box is to miss the Add/Edit step. If you
Press OK before the ranges are updated, nothing happens.

15. Press OK to return to the main screen. Respond OK to “Recalculate road alignment”.

16. Select the section window Section | Jump to Station or <Ctrl-J>Jump to Station and select
station 1000. Press OK to update the current section.

Adjust the view in the Section window so you can see the road side barrier.

17. % File | Close. Do not save changes.



22. Template Parameter Overrides

The previous section demonstrated how an entire template can be assigned to a range of stations.
To do this a new template was created and assigned to a station range.

It is often desirable to change a single template parameter such as road or shoulder width, ditch
depth, etc. for a range of stations. Template Parameter Overrides provides an easy way to do this.

Creating a Turning Lane

This example will demonstrate parameter overrides by creating a turning lane at an approach to an
intersection.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. % File | Open <RoadEngCivil>\Location2\bluff_road.dsnx.
2. Home | Assign by Range | select the Overrides tab:

Assign Parameters by Range

Templates  Fill Types  5Sub Horzons  Site Prep  Ovemides  Pits
Parameter

ACP_WIDTH (Left) e

Pavemert suface width

Station Description

Alignment End

3:00.00
11+62.40
Mody...

Duplicate...

Delets

Figure 22-1: The Assign Parameters By Range with Overrides Tab Selected

In the Parameter control dropdown, choose ACP_WIDTH (Left).

4. Click on the first entry in the override list (Station 0+00) and press the Modify... button. Turn
off Use Default and set the Value to 30.0 (figure below left). Press OK.

5. Press Add... another Value of 30 at Station 110. Also change the Description to read “Turn
lane end” (figure below right). Press OK.



Override Parameter - Add

Override Parameter - Add
Parameter name: ACP_WIDTH FParameter name: ACF_WIDTH
Description: | Alignment Start | Description: | Turn lane end| |
Value Station Value Station
0+00.00 30.00 110
[Juse default. 12.00 [Juse default. 12.00
Cancel Cancel

Figure 22-2: Override Parameter Dialogue

6. Press Duplicate... and check the Use default check box. Change the Station to 200. Change
the Description to “Turn lane end”. Press OK. Your override list should be the same as the
figure below.

Note: Without adding the taper at a specific station it will be difficult to see the transition in width of the
road.

Assign Parameters by Range

Templates Fill Types SubHorizons Site Prep  Overrides  Pits
Parameter

|ACP_WIDTH (Left) =

25

Pavement surface width

Station Description

0+00.00
1+10.00

Alignment Start

Add.
Turn lane end
2+00.00 Turn lane taper end | Modify...
11+6240 Alignment End
Duplicate
Delete

Figure 22-3: Override List for Turning Lane at Start of Alignment

7. Press OK to return to the main screen. Respond OK to “Recalculate road alignment”.

8. Scroll and zoom the plan window to the beginning of the design. Notice the road edges in
blue now display the additional lane width.
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Figure 22-4: Turning Lane Defined by Template Parameter Overrides.

9. % File | Close. Do not save changes.
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23. Templates - Display and Reporting
Before we begin some basic concepts and definitions are required.
Surfaces

Template surfaces are used to track and report material volumes. Each template can define up to 16
surfaces plus sub-grade. Material volumes are calculated between surfaces. Thus, we can calculate,
and report cut and fill volumes below the sub-grade surface and up to 16 material fill volumes.

Figure 23-1: Template Surfaces and Enclosed Materials

Codes

Each template component has a set of pre-defined template codes. These point codes can be
displayed in the Plan, Profile, Section or Data windows. In Profile and Plan the codes are connected
to form linear features such as a ditch-line or sidewalk offset.

FT1

Figure 23-2: Template Codes

Formatting Template Layers

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. “'File | Open <RoadEngCivil>\Location2\bluff_road.dsnx.
2. Maximize the Section window and zoom in.

3. <Right-click> in the Section window and choose Section Options...



4. Click onthe © button beside the Template check box to open the Template Display Format
dialogue box (Figure 23-3).

Scales
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B Labels Material Surfaces
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Pdine 1] rf2 - Layer 2 above subgrade [ Tiamtirat e
e H rf3 - Layer 3 above subgrade
Hmi ; . Hatch fill areas
Scroll bars
B Grid £
Sub Windows
[ Banding +
Status B
Show: Assigned templates w
OK Cancel

Figure 23-3: Section Window Options and The Template Display Format Dialogue

5. Select the first item (SG - Subgrade material) and set the Display Labels check box (as
shown above).

6. Select each of the other layers and note that Display Labels is not checked. Only template
items from the Subgrade layer will display labels.

7. Select SG, in the Labels section on the left-side of the dialogue box, press the Format...
button.

Label Selection and Formatting

Section Labels Label Position
Elevations
Size: El [ pisplay
Intersected features names
+PointCodes (@) Fixed size in points (paper space)

Projected feature names (0) Variable size in project units (AutoCAD)

pe = ‘
Slope Dist | Font. Transparent

-
Minimum distance between labels

Decimals: |Def [~ Default

Options...
Format E
: Style:  choose a style to apply.. b Refresh
Copy -
Reset | |

Cancel

Figure 23-4: Label Selection and Formatting Dialogue Box



8. Ensure that only Point Codes labels are displayed as shown in the figure above. You can also
change label font, color and position in this dialogue box. Press OK to close the dialogue box.

9. Back in the Template Display Format dialogue, press the Linetypes... button on the right-
hand side to open the Line-types and Symbols dialogue box (Figure 23-5).

Line-types and Symbols *

Symbol
Type: | Mone v|
Color: |Aulo v| +
Line/Border
Type: | 0 - solid = V|
Hatching
Type: | dots 2
Bl ' Auto +
' Auto +
Cancel

Figure 23-5: The Line-types and Symbols Dialogue Box Allows the user
to Change Line Style (including symbols), Hatch Style and Color

10. Change the color of the subgrade to olive (figure above) and press OK to accept changes and
close the dialogue box.

11. Press OK to return to Section Window Options.

12. Ensure the Labels check box is checked; our code labels will not display unless we turn on
this master switch.

13. Press OK to return to the main screen.

You should see the template point code labels for the subgrade surface (Figure 23-6).

Note: The template layer formatting that we have modified in the exercise is stored in Screen Layouts.
This includes line style, hatch style, color and label formatting for subgrade and each layer above
subgrade.

14. Move your mouse over a template point that is not displayed (for example the shoulder edge)
and hold your mouse there (hover). You will see a tool tip displaying the point code along with
some other information (Figure 23-6).



0+88.06

L 4060

{— 4055

— 4050

XOffset 9
YOffset -1.87
Elevation 4039.72
— 4030 Code(s) SB3L

[ 4035

— 4025

L 4020

- 4015

d ; 5 : &
1 L 1 1 1 L 1 1 1 1 L 1 1 1 1

Figure 23-6: Hover Tips in The Section Window

15. Try hovering in other places and see what information appears in the tip. You can display:

Mouse elevation, vertical and horizontal offsets
Cut and fill material

Cross sectional areas

Template leg length and slope

Point codes

16. <Right-click> in the ditch cut area (above the ditch bottom and below the original ground)
and select Hatch Cut Area for SG from the menu. This shows the olive hatching you defined
above.

17. <Right-click> in the same place to turn off the subgrade hatching.

Reporting template point codes

In the exercise above we displayed the same point code labels in the section window. Point codes
can also be displayed graphically in the Plan, Profile and Section windows. The Data and Status
windows can display numeric information such as point code coordinates or centerline offsets.
The following steps will display the ditch lines in the Plan Window.

18. If you are not continuing from above, open <RoadEngCivil>\Location2\bluff_road.dsnx.

19. If you are continuing from above, restore = the Section window so the Plan window is visible
again.

20. <Right-click> in the Plan window and select Plan Options...

21. Ensure that the Template Codes option is selected; press the * button beside it to open the
Codes dialogue box.

Notice that several point codes are already shown in the Code list. PT1 is the pavement edge, SB3 is
the shoulder edge; L and R designate Left and Right.
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Plan Window Options
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Figure 23-7: Adding Template Codes for Display in the Plan Window

22. Click the Add... button and select all the ditch point codes: DIL, DIR, DOL, DOR (see figure

above). Click Add to close the selection dialogue box.

23. With the new codes still selected, choose a blue dash line as shown below.

Profile

Section . Line-type: TEeh - 5

Data/Status

Symbol: ‘ None v‘

Figure 23-8: Plan Template Codes Format Control

24. Press OK to close the Codes dialogue box and respond OK to Recalculate Range.

25. Press OK again to close the Plan Window Options dialogue.

26. Adjust the Plan Window view so you can see the new ditch lines.
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Ditch Line

Ditch Line

Figure 23-9: Ditch lines in Plan View

Note: Template point code display options we have changed in this exercise are saved in the Template
Table.

27. Next, we will set up the data window. With the Data Window active, Data | Data Options.

28. First set up the desired spacing of data rows:

29. Click the ' button next to Point Types to open the Point Type Selection dialogue box (Figure
23-10 below left).

Profile Points A Include
Plan Point

ints Select All
Points .
VC Points Report Point Properties
End Points

editable REPORT point | Standard editable REPORT point A | Description
y points P-Line Survey points Auto interval points (50.00ft.)
Auto interval points (50_00f )
Auto interval points 2 (Off) Automat\c

Culvert insertion points Interval
Culvert ditch override points
Template assignment range points
L | Template over-ride points
Fixed Section points Format
Site Preparation assignment range points @) Plan Window
Fill assignment range points
Sub-Horizon assignment range points
| Curve point, BC or EC
| Spiral curve transition points
Curve transition points (calculated)
| Mon-editable IP

Borrow/Waste insertion ¥ 0K Cancel

Selected pts.: 25

() Profile Window

[Juse pefault Symbol
Symbal...

Figure 23-10: Setting the Data Window to Display Information every 50 ft



30. Ensure that only the Auto Interval points are checked for display (as in figure above left).

o Press the Properties... button to show the Report Point Properties dialogue box
(Figure 23-10).

o Select Auto interval points and check the Automatic box with an Interval of 50.

o Press OK (there will be a re-calculation).

o Press OK again to return to the Data Window Options dialogue box.

31. To set up desired columns to display: press Columns... to open the Data Window Fields
dialogue (Figure 23-11)

Available Selected
[ 3-8 Pipe Attributes N [Lstn shift Up
+-0J Slope stakes DIL-HOff
Report ype pont Types Gows)| | B9 DLYOfF Shift Do
Alignment v Wal T :\. DIL-HOff DIR-VOFf
7 DIL-VOff DOL-HOfF
[JFixed Window Cokumns... ® onx %L%f:f
[JPage Totals B on-y i
- @ DILElev
LBt ® DlLien
A _nn ~Arcet b
e Cancel Add Remove
B Item Description
Template Codes
Cancel

Data Window Fields X

Figure 23-11: Selecting Point Code Offsets for Display in the Data Window.

32. Remove all but L-Stn, expand the Template Codes folder and Add DIL, DIR, DOL, DOR Hoff

and VOff for each of the available Template Codes (Figure 23-11).

33. Press OK to close the Columns dialogue. Press OK again to close Data Window Options.

Your data window should now look like Figure 23-12 below.

£ Data2 E=nEEE T
L-Sin DIL-HOf (N/A) | DIL-VOff (N/A) | DIR-HOff (WA) | DIR-VOR (N/A) | DOR-HOf (N/A) | DOR-VOR (N/A)
fi fi ft ft ft ft ft
3+00.00 27.34 283
3+50.00 27.34 283
4+00.00 27.34 283
4+50.00 28.66 430
5+00.00 -28.90 454 28.90 454 29.90 454
5+50.00 -29.90 456 28.90 454 29.90 454
6+00.00 29.90 4,56 28.90 454 29.90 454
6+50.00 20,90 456 28.90 A54 28.94 454
7+00.00 29.90 456 28.90 454 29.90 454
7+50.00 27.93 353 29.23 449 3023 449
8+00.00 2734 283 3073 533 3173 533
8+50.00 27.34 283 3073 533 3173 533
9+00.00 27.34 283
9+50.00 27.34 283 3073 533 3130 533
10+00.00 27.34 283 30.73 533 31.73 533
10+50.00 3125 578 27.29 246 28.29 246
11+00.00 -31.91 831 o

Figure 23-12: Data Window Showing Point Code Offsets

There are two export options for data from the Data Window:

O

Data | Export Data to ASCII.



o Data can be copied to clipboard: (Data | Visible Window or <Right-click> | Copy Data
to Clipboard or use the hotkey <Ctrl+C>). This tabular data can be read by a spread

sheet application.

You can also add the point code offsets to your Section window:

34. In the Section Window Status area (below the graphic). <Right-click> in the Section window
and choose Section Options; press the Fields... button. Here you can add and remove fields

for reporting.
35. Press OK to close the Section Window Status Fields dialogue. And OK again to close Section
Window Options.

36. % File | Close. Do not save changes.



24. Culverts

In this exercise, you will assign a culvert to the road realignment design.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

1. % File | Open <RoadEngCivil>\Location\Align stage 7.dsnx.

2. Inthe Plan window, zoom in to the creek crossing near stn 14+00 (figure below).

Figure 24-1: Creek Crossing Location; with the Old Culvert in the Background
3. <Right-click> in the Plan window and choose Add/Edit Report Pt. Tool

4. Your mouse cursor will change to the pencil with question mark \ Click near the culvert to
create a new report point. Move the red cross until it is over the culvert and click a second
time to anchor the new point. Your cross section window will update to show the new location
(Figure 24-2).

Note: Report points can only follow the existing alignment.
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13+90.900
1

Figure 24-2: Desired Culvert Location

5. View | Select Screen Layout (dropdown) to retrieve another screen layout training Culvert.dit
(located in the Training folder).

@ BEA&E ) Active Window Location - Align stage 7.dsnx - o
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Figure 24-3: Screen Layout Training Culvert.dit

6. Press Add... in the Culverts Panel (right side of screen) to open the dialogue box shown
below. Note that the Station defaults to the current cross section.

Add Culvert

L-Line Station 1390.899 Natural channel (stream)

Additional culverts

Cancel

Spacing: Murber:

Figure 24-4: Add Culvert Dialogue Box
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7. Setthe Natural channel (stream) check box (the alternative is a cross drain). Press OK to
create the culvert.
8. If the profile window is not showing the correct station, press the next = and then back

% puttons in the navigation tool bar. Whenever you change the current section this way all
windows scroll depicting the new current points. Your culvert should be visible in all three
windows.

9. Press Properties... (top left of Culverts panel) to open the Culvert Properties dialogue box
shown in Figure 24-5.

Culvert Properties X

Location
L-Line Station 1350.899
Class
() Cross drain

(@ Natural channel (siream)

Shape/Size

Circular Pipe ~ | Diameter(in)

Template override

[Joveride

Figure 24-5: The Culvert Properties Dialogue Box allows the user to change
the Location, Size and Shape of a Culvert.

10. Change the Diameter to 60 inches and press OK to close the Culvert Properties dialogue box.

11. In the Culverts Panel, change the Vertical Position dropdown menu to “Cut depth to C/L to
structure bottom” the Depth to 8 feet, figure below left and press Apply button to see the
changes.

Length Length
[“auto |+ 96.07 | Right: 72.56 [v]Auto |+ eft;| 10582 | Riglht; 80.59
————————— Vertical Position --------- -—————-Vertical Position -————-
Depth: Cut depth at C/L to structure bottom ~ 8.00 Attach to upper ditch/catch point ~
————————— SR e S EENE
[auto Deg. from C/L (0-180) [ ]aute Deg. from C/L (0-180)
————————— Gradient ———- e ORI
Mawto 239 % []semi Auto V]Auta  -3.39 [Isemi Auto

13+00.809 13+90899
L 1240

1230

- 1210

|
|
|

L 1220 | 1220
|
|
i 1200
|

L 1190

T T OO U . P NN R AT M| PO MO N O L Ll Losalios Loaalose ool el il
L-Stn: 13+00.899 GrdLst: -40 CLX 2195638302 CLElev. 1187582 SuperR: -59 L-Stn: 13+90.899 Grdlst 40 CLX:2195638.302 CLElev: 1187.582 SuperR: 59
GraNx. 40 CutDp: -13.898 CLY: 320655705 SuperL: 59 GraNxt 40 CutDp: 13898 CLY: 329655705 SuperL: 59

Figure 24-6: Culvert Elevation Controlled by Cut Depth




at Center Line (Left) and by Catch Points (right)

12. Change the Vertical Position type to Attach to upper ditch/catch point, figure above right.
Press Apply to see the changes.

The latter method (Attach to upper ditch/catch point) is more reliable for creating a stream culvert
that sits on the bottom of a stream bed.

13. Press the Save... in the culverts panel. Uncheck the Save to disk for future designs box and
respond OK to the save stream default prompt. The next time you create a Natural Channel
culvert this will be the initial configuration.

Now we will change the road fill material to rip rap so that we can
Steepen the fill and shorten the culvert

Reduce the amount of fill required

Reduce the footprint in the wetland (and the right of way)
Prevent scouring

14. Home | Assignh by Range, select the Fill Types tab.

Templates Fil Types SubHorizons Site Prep Overrides Pits
New Range
SG Fill Material From Sin ToSin.

RRRip Rap (Q1) ~| & [1300000 1500000
[“IReplaceable (quality based) TR

Ranges

SG Fill Material From Stn To Stn.

"2 Existing Layer 2 Fill (Q7, . 1300.000
ip R i

*2 Existing Layer 2 Fill (Q?) 1500.000
Figure 24-7: Applying Special Fill (Rip Rap) Near the Culvert

15. Choose fill material RR Rip Rap (this comes from your ground types table) and set the station
range from 1300 -1500. Press the Add/Edit button.

16. Press the © button next to SG Fill Material type to open the Ground Types editor. You can
add materials here if you wish. Press Cancel to close the Ground Types editor again.

17. Press OK to close the dialogue box. Respond OK to the recalculate prompt.



13+80.899
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| | | | | | | | | | 1 | | | | | |
L-5tn: 13+80.809 Grdlst -4.0 CLX 2195638.302 CLElev. 1187582 SuperR: 5.9
Grd.Mxt.: -40 CutDp: -13898 CLY: 3289655705 Superl: 59
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Figure 24-8: The Creek Crossing with Rip Rap Fill, Steeper Slopes Resulting in a Shorter Culvert
As shown in Figure 24-8, the length of the culvert has been reduced. You can also see the change in
the road footprint in the plan window.

Note that the template applied here has a fill slope defined as Automatic; if the template was set up
with a fixed slope, you would have to change the fill slope for the desired station range using: Home
| Assign by Range| Overrides tab. Refer to section Template Parameter Overrides.

18. %=’ Fijle | Close. Do not save changes.



25. Labels

Annotation and labelling are available in the Plan, Profile and Section Windows. This section
describes methods and procedures to control label formatting and positioning.

Labels are displayed according to their Class Format and Point Format (optional). The menu View
(Plan, Profile or Section) Options provides access to class label formatting. The Edit label tool button
in the toolbar allows you to modify individual labels (point formatting) with the mouse. The Section
window does not allow point formatting.

P 2 2 = o
o
Classformat (default ) E
Menus -Font '
View | Profile Options -Freguency/ interval : e
i I
View | Plan Options :ggsei.hﬁﬂlﬁg E Ry
Ll = — ' G s ,\‘!3/ g
£
v &/
e - - o - Q}Q:/ p

Point formatting (individuallabels)
Final Label positicn

Label Edit Mode —>
: o - Positioning
Mouse edits _Size. :

e

M %

Figure 25-1: Label Rendering

All Label formatting is saved with your document of course, but only class formatting can be saved to
a Screen Layout.

Note: When you retrieve a Screen Layout, you are setting all class label formatting (as well as the other
saved layout options).

Class Label Formatting

The Plan Window is used in the following example; however, the same principles apply to the Profile
and Section windows.

1. "%'File | Open <RoadEngCivil>\Location\Align stage 8.dsnx.
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Figure 25-2: Align Stage 8.dsnx

This example demonstrates how to display:

e Station labels at reporting points (set at 200ft intervals)
e Horizontal curve labels at the IPs
e Culvert description labels.

These label types are representative; other labels behave in a similar way.
To create labels at equal intervals, you need to set up Report Points to generate cross sections
where you want your labels. Most labels can only be displayed at existing cross sections.

2. Inthe plan window, <Right-click> | Plan Options... click on the * button next to Report
Points. This will open the Report Point Properties dialogue box.

3. Select Auto Interval Points 2 to create points on 200 ft intervals (figure below). Press OK
twice to return to the main screen.



Report Point Properties

Standard editable REPORT point
P-Line Survey points

Auto interval points (25.000f.)

Auto interval points 2 (200.000f.)
Culvert insertion points

Culvert ditch override points

Template assignment range points
Template over-ride points

Fixed Section points

Site Preparation assignment range points
Fill assignment range points
Sub-Horizon assignment range points
Curve point, BC or EC

Spiral curve transition points

Curve transition points (calculated)
Non-editable IP

Borrow/\Waste insertion

Description

Auto interval points 2 (200.00¢

Automatic

Format
(@) Plan Window
() Profile Window

[Juse pefault Symbol
: Symbol...

RIS

Cancel

Figure 25-3: Report Point Properties Dialogue

4. Set up station label options:

O

<Right-click>, select Plan Options...
Click on the * button beside Labels to open the Label Selection and Formatting

dialogue box.

Display check box).

Turn on LStn Report Points (Intervals) by <Double-clicking> (or select, then set the

Note: LStn stands for Location Station

o Setthe Interval spacing to 200 (Figure 25-4).

O

Label Selection and Formatting

Press OK twice to return to the main screen.

Plan Labels

Label Position

BC/EC

Culvert Size
Floating Label

Hom IP's
L-Line Azimuth

L-Line Grades
User Defined
UserDefined
User Defined
User Defined

Culvert Description
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Size:
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| Font..
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Options.

Format
Copy
Paste

Reset
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(@ Fixed size in points (paper space)

(") Variable size in project units (AutoCAD)

nals |Def.

Display

Transparent
I
Interval spacing
Default
= = Refresh
| Cancel [

Figure 25-4: Plan Window Label Selection and Formatting



After the Plan window refreshes the screen should appear with stationing every 200 feet.

5. The format of the stationing (xx+yy in this case) is controlled in Setup | Location Setup |
Units tab | Stationing: Traditional S+dd e.g. 12+01 from dropdown.

e

Figure 25-5: Stationing at Fixed Intervals

6. Next, horizontal curve information is added. Another option is to use the Curve Tables in the
Multi-Plot window (see Multi-Plot Report Builder ).

7. Setup curve labels for display:

o Again, open the Plan Label Selection and Formatting dialogue box. <Right-click> |
Plan Options... click the ® next to Labels.

o Turn on display of Horizontal IP's at Curves.

o Press OK, OK to return to the main screen. Notice the curve radius labels.

Some labels have configurable content. In the next section, we will add to the contents of this label.

8. Add Begin Curve (BC) and End Curve (EC) stations to the Horizontal IP's at Curves label:

o Open the Plan Label Selection and Formatting dialogue box.
o Select Horizontal IP's at Curves and click on Options... button.

Note: Label classes shaded green will have Options available. Refer to the

section below.

o Click on the Add Attribute... button and then add BC Station and EC Station (Figure
25-6).
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Figure 25-6: Displaying Horizontal IP’s Labels at Curves

Press OK to update the ltems list.
Press OK three more times to return to the main screen.

Notice that the additional BC/EC information is now displayed (Figure 25-7).
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Figure 25-7: Curve Information Labels
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There is a pre-configured label called BC/EC; you might want to use this as an alternative to
displaying station values at the curve IP.

9. To turn on labels for the attributes that were just added: Plan Options... click the  sign next
to Labels, select Horz. IP’s at Curves, select Options... check Display attribute descriptions.
Press OK, OK.

Now we will display a label at the culvert just before station 14+00. We will also look briefly at the
Position formatting.

10. Add a culvert information label:

Open the Plan Label Selection and Formatting dialogue box.
Select (<double-click>) Culvert Description class.

Select the Position tab (Figure 25-8).

Change the Connector combo box to Circle.

Press OK twice to return to the main screen.

O O O O O

Label Selection and Formatting
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Copy
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Figure 25-8: Culvert Information Labels



Figure 25-9: Culvert Pipe Display

11. At this point you may want to experiment with some of the Position options to see how they
modify the label formatting; see also <F1> help.

Note: It is possible to use Point Label Formatting (see section below) to modify the Position settings for
the class.

12. %’ File | Close. Do not save changes.



It is possible to create user definable labels and display these labels at reporting points along the
alignment. User definable labels can consist of attributes and static text. The following is a partial list
of attributes:

e LStn I-line stationing

e V.Brk vertical grade break
e CLX centerline X

e CLY centerline Y

e CLElev centerline Z

The next example will demonstrate how to create a user defined label in the Plan window.

1. "'File | Open <RoadEngCivil>\Location\Align stage 8.dsnx
2. Plan | Plan Options or <Right-click> Plan Options...

3. Click on the ™ button adjacent to Labels to open the Label Selection and Formatting
dialogue box.

4. Inthe Label Selection and Formatting dialogue, <Double-click> on the first User Defined
label class (or click to select, then check Display).

5. Click on the Options... button to open the Custom Label Options dialogue box (figure Figure
25-10).

Plan Labels Label Pasition

#BCEC
Cu Size s Display

+Floating Labels (@) Fixed size in points (paper space) Custom Label Options %

vHorz IP's atCurves (O)Variable size in project units (AutoCAD)
Horz IP's Description

Font [/ Transp

Add Attribute...

Newline

Use &
User Defined Decimals: |Def [ Default
User Defined

Add Text...

Options

Format a
Wle:  choose a styleto apply.... | [ ¢
Copy Clear All Edit...

Pasta Display attribute descriptions

Reseat
Point Selection... oK Cancel

Figure 25-10: Custom Label Options Dialogue Box
6. Set up the new custom label:

o Change Description to Interval.
o Press the Add Attribute... button to open dialogue box in the figure below.
o Add L-Stn, CL X and CL Y as shown below from the L-Line folder.



Chapter 25 - Labels

Available Selected
£-0 L-line ~ S

.. CL Elev CLX
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B H.Offset
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Add | Remaove

Item Description
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|'Shiﬁ Down-:

oK |

 CANCEL |

Figure 25-11: Add Attributes Dialogue

7. Press OK to return to the Custom Label Options dialogue and the updated ltems list (Figure

25-12).

Custom Label Options

Description

| Interval

Items

Add Attribute...

| Add Text...

[~ Newline

{L-5tn}
{CLx}
{aLy

[Gearanl | [ edi. |

Display attribute descriptions

|Point Selection... 0K

Cancel

Figure 25-12: Custom Label Options Dialogue Box after Modifications

8. Click Point Selection... button to open the Point Type Selection dialogue box. Include only
Auto interval points 2 (Figure 25-13). <Double-click> or select and set Include.
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Point Type Selection

Profile Points A | Hlindude

Flan Point:

Reference Points Select All
Selected pts.: 13 oK Cancel

Figure 25-13: Point Type Selection Dialogue Box

Auto interval points 2 is set to 200 ft; you can change this value by clicking on the Properties button.

9. Press OK three time to return to the main screen.

Your Plan window should appear as shown below.

2 oo
Tsn= 13+00

L X= 2155469480
oLy -330019.881

Figure 25-14: User Defined Labels (Stn, X, Y at 200' Spacing)

The text before the numeric value (e.g. “L-Stn =") is included because Display attribute descriptions
was set in the options (refer to figure above).

10. If you are not satisfied with these descriptions, clear this check box and enter your own:

o <Right-click> Plan Options...

o * nextto Labels



Select Interval

Press the Options... button

Edit... opens the User Label Edit dialogue box
Type: “Station = {L-Stn}”

Press OK four times to exit all the dialogue boxes.

O O O O O

11. %’ File | Close. Do not save changes.

In the exercises above, we changed class label formatting; all labels with the same class had the
same formatting. Class label formatting is saved with your document, but it can also be saved in
Screen Layouts for use in other documents.

Editing Labels with the Mouse

It is often necessary to control the position and format of individual labels. In this section Label Edit
mode will be used to adjust individual labels.

1. “'File | Open <RoadEngCivil>\Location\Align stage 8a.dsnx.

2. <Right-click> in the Plan window and select Edit Label Tool from the context menu. This will
change the cursor to the Edit Label tool - cursor.

3. Move your mouse cursor over the red 12+00 label, when the cursor changes to a simple
cross, left click once.

4. The label is now selected and should look like the one in the figure below.

N

~

Figure 25-15: Selected Label with Handles Visible

orientation handl

11

5. Move your mouse pointer over each of the handles (black squares); the one farthest from the
road centerline is a rotation handle %27,



6. When in label edit mode, click and drag on a selected label handle to move or rotate the
label.

7. Re-orient and re-position the label until it appears as shown below.

Figure 25-16: Label after Re-Positioning

8. <Double-click> on the text of the label you just edited. This opens the Label Selection and
Formatting dialogue box.

Label Selection and Formatting

LStn Report Points (Intervals) Label  Position
12+00.000
Size: 9 [v]Display
(@) Fixed size in points (paper space)
(O Variable size in projectunits (AutoCAD)
Font. [4] Transparent
Options..
Format
Refresh
Copy
Paste [+/] Set as class defaultlabel formatting
[ | Reset all existing point and feature formatting 1
Reset Cancel

Figure 25-17: Label Selection and Formatting Dialogue Box

9. Select Set as class default label formatting. Press OK.

10. Unlock the scale by clicking on the lock scale button 181 and zoom extents g in the
windows toolbar.

Your Plan window should now appear as shown below.
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Figure 25-18: Plan View after Change to Class Format

Floating Labels

Floating Labels can be added anywhere in the Plan or Profile Windows. Floating Labels can have
their anchor point moved.

11. The Edit Label tool cursor Y should still be enabled. If not, <right-click> in the Plan window
and select Edit Label Tool.

12. <Right-click> anywhere in the Plan Window. Select Plan Options. Press the ™ plus button
beside Labels. <Double-click> on Floating Labels to turn then on. Press OK twice to return to
the main screen.

13. With the label edit tool § click the left mouse button anywhere in the Plan Window to open
the Label Selection and Formatting dialogue box.

14. Change “xxxxxxxx” to “Rock cut section”. Click on the Position tab and change the Leader to
have a 28mm Offset and an Arrow Connector.

15. Press OK; the floating label will appear where you first clicked the mouse.
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Figure 25-19: Plan with Floating Label

16. %='Fijle | Close. Do not save changes.

Profile Sub View Labels

For presentation purposes, it is often useful to display information below the Profile. The following
example will create sub-view labels for station, FG (final ground) and OG (original ground).

1. %' File | Open <RoadEngCivil>\Location\Align stage 8a.dsnx.

2. Activate the Profile Window B
3. <Right-click> | Profile Options...
4. Inthe Sub-Windows area click on the Select... button:

o Scroll down the Available list and select Custom-Label 1, press Add. Custom Label -1
now appears in the Selected list.

o Similarly add Custom Label -2 and Custom Label - 3.

o Press OK to return to the Profile Window Options dialogue box.



Profile Window Options Select profile subwindows to display. X

Vertical scale; | 165.3 Available Selected
B Tmpl parameter(s) - 8 ~ Custom Label - 1 | shiftup
Horizontal | 1652.9 B Timpl parameler(s)- 9 Custom Lobel -2 .
i i B Tmpl parameter(s) - 10 shift Down
Alignment. i B Custom Label - 1
i [C1P-Line topo + B Custom Label - 2
o B 2 Custom Label - 3
[ ]Road edges ¥ Culvert Symbols B Custom Label - 4
[Islope stakes % [IBridge Symbals W B Custom Label -5
B Custom Label - 6
[JGround Layer 1 © [Atabels + g s y
[JGround Layer 2 +  [IGrade guides + 2t tonor o
[rinished grade +  [IRef. Features e ad Uit
Report Points < [Template codes + DA Tem Description
Custom text label, 10 windows available, each can display one or more station
Soniias dependant label items
Fixed Window et
Grid B oK Cancel CANCEL

Figure 23 20: Profile Window Options Dialogue & Sub-Windows Selection
5. Within the Sub-Windows area, select Custom Label-1.
6. Press Options.... When the Profile Custom Label Sub-Window Options dialogue box appears:

Change the Description to Stn.

Click on Add Attribute...

Add L-Stn (L-Line folder) to the Selected list and press OK.

Uncheck the Display attribute descriptions box.

Click Point Selection... and set the point type selection to Auto Interval 2 (200’
intervals).

o Press OK.

o O O O O

Profile Custom Label Sub-Window Options

Custom Label Options  Format

Description

| St |

Items

Add Attribute...
Newline

Add Text...

{L-Stn}

Clear All | Edit...

Display attribute descriptions

Point Selection...

Figure 25-20: Custom Label Profile Sub-Window Options Dialogue

We will now do similar steps to setup labels (in Custom Label-2 and Custom Label-3) for FG (final
ground) and OG (original ground).

7. With Custom Label-2 selected:

o Click on Options....



Change the Description to FG

Click on the Add Attribute... button.

Add CL-Elev (L-Line folder) to the Selected list and press OK.

Uncheck Display attribute descriptions.

Click on Point Selection... and make sure the point type selection is set to be Auto
Interval 2 (200’ intervals).

o Press OK twice.

O O O O O

8. With Custom Label-3 selected:

Click on Options....

Change the Description to OG

Click on the Add Attribute... button.

Add GND-Elev (Ground Layers folder) to the Selected list and press OK.

Uncheck Display attribute descriptions.

Click on Point Selection... and make sure the point type selection is set to be Auto
Interval 2 (200" intervals).

o Press OK three times to return to the main screen.

O O O O O O
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® Zoom 2% @ Zoom bxents | Zoom: 2200010 | coscesie ©SelectScreen Loyout.. ~ | P save || ) Display Status

) - Switch  New Addto
Q Zoom Window @ Pan e omontaly | e e e © Delete
Zoom Window Screen Layout Display
A Vettical Curves

- 1240
Design Speed (mph)

1230
Parabolic Rate (K)

Length

E 1220
Sight istance

E 1210 No Curve Parsbols

E 1200

E 1190

E 1180

E 1170

E 1160

I ] ! | ! ! vzl
St o s s El s g g g 2 g =1 g 2
Fe " o - " o o - o o " o = x
o6 . A o s & s @ N = 5 o = &

Horizontal Curves ), Vertical Curves

P SMNBQARBHQQQ wa ww |

e ABER PwERE

Figure 25-21: Profile Sub-View Labels

9. ¥ File | Close. Do not save changes.



26. Multi-Plot Report Builder

Multi-plot is a page layout tool for creating output. Any of the main windows (Plan, Profile, Data, and
Section) can be placed on a Multi-Plot sheet with other items such as a legend, a scale bar, a bitmap
graphic, a Terrain file, curve tables, template assignments, or a title block.

As of Verstion 8, Multi-Plot layouts are no longer included in standard screen layouts. There are two
unique layout file types available to Multi-Plot in the Location module:

e Book Layout file (.blt) - a book layout file is a collection of chapter layouts.
e Chapter Layout file (.clt) - a chapter layout file contains the information for a single layout

type. The number pages within each chapter are defined by that Chapter’s pagination
settings.

Book Chapters Pages

hhhk
hhh

Figure 26-1: Multi-Plot Structure

In this section, you will learn how to create a Multi-Plot book with several chapters, including a title
page and a standard Plan over Profile.

In this example, you will create a Multi-Plot output sheet containing Profile and Plan sub-views. We
will discuss automatic pagination.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>)

Creating and Positioning Sub-Views

1. “'File | Open in Location module. <RoadEngCivil>\Location\Aligh stage 9.dsnx.

2. Change screen layout: View | Screen Layout dropdown, select training Normal.dlt from
dropdown list.
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Figure 26-2: Align stage 9.dsnx

For our example purposes, this design is considered complete from an engineering point of view.
Now, we want to produce output that a contractor can use to bid on and/or build the road.

3. Press the Multi-Plot B in the windows toolbar. This opens a multi-plot window and display
bar on the left-hand side. Note that multi-plot is organized in the Book, Default and Page
levels. The window opens on the page level.

Configuring Your Page Size
The orientation and size of the blank sheet, within the Multi-Plot Window, defaults to 11” x 17”

horizontal. Five standard engineering page sizes are available as pre-set options in the Page Size
dialogue:

ANSI Size (mm) Size (inches)
ANSI A 215.9mm x 279.4 mm 8.5" x 11”7
ANSI B 279.4mm x 431.8 mm 11" x 17”7
ANSI C 431.8mm x 558.8 mm 177 x 227
ANSI D 558.8mm x 863.6 mm 22" x 34”
ANSI E 863.6mm x 1117.6 mm 34" x 44~

Figure 26-3: Multi-Plot Page Size Defaults

4. Multi-Plot | Units. Change to Imperial.
5. Multi-Plot | Page Size | Custom Size to open the Page Size dialogue box.

Ensure the orientation to Landscape.
Ensure the Paper size to 11” x 17" (Size B)
Press OK.

O
O
O



Note: the screen view is determined by the Page Size and Page Orientation controls in the ribbon toolbar.
When printing, the printer setup must be confirmed to match the screen setup.

6. File| Printer Setup to open the Print Setup dialogue. Set the paper size and orientation to
match our screen size and layout (11x17” and landscape). This is the paper size that
governs in the print preview. This depends on the type of printer and paper size the printer
can handle.

Configuring our Chapter

The first chapter we will create is a Plan over Profile layout.

7. <Right-click> on the 0 pefault chapter, this should allow you to edit its name. Select
Rename Chapter, change the name to PlanProfile.

The Location Multi-Plot Window can automatically produce as many pages as are required to show
the entire design. Before we insert a Sub-View, it would be more appropriate to set the number of
pages to avoid any potential rework. In this section, we will explore some of the pagination options.

8. Multi-plot | Pagination:

e Make sure Fixed is selected as Length of road (Stations) per page.
e Enter a value of 800 Feet.

o Enter an overlap value of 0% as seen below in Figure 26-4.

e Press OK to accept these Pagination Options.

Pagination Options X
Station Range
| 0.0 | - 23200 | (0.0-23200)

Length of road {Stations) per page

(@) Fixed: 800
Use Plan or profile width % Overlap: IZI
Use Section

i Single Fixed Page

Calculated Page Ranges

Page:1 0.0 - 300.0
Page:2 800.0 - 1500.0

Page:3 1600.0 - 2400.0
Total Pages = 3

Cancel

Figure 26-4: Pagination Options

Adding Graphic Sub-views



Now let’'s add some content to our page. It is recommended to always add items in Chapter-mode.
This means the sub-view will be shown on all pages within that chapter.

9. With the PlanProfile chapter selected, Multi-Plot | New Sub-view | Plan:1.

A Plan Sub-view should appear in the center of your Multi-Plot Window.

Note: The Plan sub-view is an image of the main Plan window. If you don’t have a Plan window displayed
(see the Window menu) then you can’t create a Plan Sub-view. The scale and positioning of the Plan
window is controlled within Multi-Plot, and can differ from your main window.

10. <Double-click> on the Plan sub-view. Change the Scale to 1: 800. Press OK.

11. There are 8 handles that you can click and drag to change the size of the sub-view. Click and
drag anywhere else on the sub-view < to move it. The <delete> key will remove the selected
sub-view(s).

Notice that the Plan is rotated automatically to best fit the rectangle with increasing stations running
from left to right. In this case the Plan has been rotated automatically by approximately 90 degrees.
See section: Multi-Plot Plan Rotation.

12. Resize and reposition < the Plan sub-view to look similar to the following figure.
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1P and Tangent Parameters.
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Figure 26-5: Plan Sub-View after Sizing and Positioning

13. Multi-Plot | New Sub-view | Profile:1. A Profile sub-view should appear in the center of the
Multi-Plot. Adjust it to fit under the Plan sub-view (don’t worry about misalignment at this
point).

14. <Double-click> on the Profile Sub-view to open its options. In the Sub-Windows area, press
Select. Remove Mass Haul from the Selected area. Press OK twice.



Note: Changing the profile sub-view options in Multi-Plot does not impact the main Profile window.

Note: A click on a sub-view will select it and deselect the previous sub-view. See also the note below.

Note: When you click outside all sub-views and drag the mouse you will create a selection rectangle. All
sub-views inside or crossing the rectangle will be selected when you release the mouse. Also, <Ctrl> click
allows you to select/deselect sub-views without affecting the selection state of other sub-views. Group
selected sub-views can be deleted or moved together.

Grid Options

Here we turn on a grid to make it easier to align the Plan and Profile sub-views.

15. Right-click on the screen, select show Grid and Snap to Grid, and set the Spacing at 0.25”,
as shown in the figure below:

Multi-Plot Options X
Draw all graphics Font-Rectangles...
[Iseroll bars Get Default Font
Grid Options

Snap to grid Spadng | p,250

Show grid (®) inches

[ ] show rulers () millimeters

[J allow edit of locked items
Pagination. .. Cancel

Figure 26-6: Multi-Plot Options box

A dot grid will cover the entire Multi-Plot sheet.
16. Now adjust the size and position of both the Plan and Profile sub-views so they are aligned as
in the figure below. Alternatively, you can also use the align tools. With both sub-views
selected, Sub-View | Align | Align Left.
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Figure 26-7: Multi-Plot After Grid Enabled

These two sub-views are now set-up on all 3 pages of our Plan Profile Chapter. But, the scale for our
new profile sub-views is not ideal. Let’s adjust so the horizontal scale of the Plan and Profile is the
same.

17. <Double-click> on the Profile sub-view. Change the Horizontal Scale to 1: 800. Press OK.

Note: If you have two sub-view windows vertically on top of one another, such as a plan view and profile
view, to ensure they are in line (starting at the same station) be sure the scale is the same.

Note: Sub-view windows can be selected/deselected and deleted. When you click outside all sub-views
and drag the mouse you will create a selection rectangle. All sub-views inside the rectangle will be
selected when you release the mouse. Also, <Ctrl> click allows you to select/deselect sub-views without
affecting the selection state of other sub-views. Group selected sub-views can be deleted or moved
together.

Note: The same dialogue box can be opened by left <Double-click>ing on the Sub window sub-view.

Adding a Scale Bar

18. Multi-Plot | Insert Scale Bar. A Scale bar will appear in the middle of your sheet.

19. <Double-click> on the new scale bar to open the Scale Bar Sub-view Options menu.

PAGE | 170



Scale Bar Sub-View Options

Type: Plan Scale w

Scale: 200

Title: | Distance in Feet|

Draw to screen Font...
[ Bounding rectangle +
Transparent

[ show on all pages T |idoded v

Cancel
Figure 26-8: Scale Bar Sub-View Options Dialogue Box

20. Keep the Type: Plan Scale, ensure the Scale is set to 800. Add in the optional Title: Distance
in Feet. Press OK.

21. Resize and reposition the Scale Bar sub-view, until it appears as in the figure below (also see
notes below).

Get Default Font

Figure 26-9 : Scale Bar in Lower Left Corner of Plan Sub-View
Adding Rectangle Sub-View Items

Rectangles can hold typed text or many pre-defined text items.

22. Multi-Plot | Insert Rectangle. A Rectangle will appear in the middle of your sheet with the
options dialogue box as shown below.



Rectangle Sub-View Options X

Texttype: | |ser Def -
Drawn By
Align Text I —— |
Horizontal:
Center v Get Default Font
Vertical: [
L b1 E] Transparent
Row height (mm): MBoundngrectange [
7 Mauto [CJrow dividers
[Jwrap text (/] Show on all pages o
[JRotate Unlocked T
OK Cancel

Figure 26-10: The Rectangle Sub-View Options Dialogue

The Rectangle Sub-View Options Dialogue opens automatically when you create a new rectangle, but
you can also access it from a <right-click> on any rectangle sub-view and selecting Rectangle Sub
View Options or by <double left-clicking> on the Rectangle Sub-view.

Note: Sometimes it is useful to use an empty rectangle just for its border graphic (User Defined, no text).

23. Type “Drawn By” in the text box. Multiple lines are allowed. Change horizontal alignment to
Center. Check the Wrap text option. Click on the Font button and change the size to 12.
Press OK twice.

Arrange the new rectangle to the lower right of the page as in the figure below.

Drawn By

—

Figure 26-11: A New Rectangle Sub-View with Centered, Wrapped,
User Defined Text in a Large Font

24, Create two more rectangles:

e |nthe first, select Print Date from the Text type drop down menu.
¢ Inthe second, select Page X of N from the Text type drop down menu.

25. Arrange the two new rectangles to fit in the first rectangle as in the figure below.



Drawn By:

17111721 | Page 1 of 3

Figure 26-12: The Start of a Title Block

Notice how the snap to grid feature helps line up edges.

Multi-Plot Plan Rotation

In this example, the Plan sub-view is acceptable on most pages. The automatic pagination puts the
page start station on the left side of the Plan sub-view and the end station on the right. This
approach does not always work so it is possible to set the Plan sub-view scroll position and rotation
angle manually.

26. Use the Previous Page and Next Page buttons in the Multi-Plot ribbon to scroll through the 3
pages. Alternatively, you could also click on the pages in the navigation panel, or use
<Ctrl+b> and <Ctrl +n>.

You will notice that the Plan sub-view layout on page 5 doesn’t fit. We will manually scroll the
position of this page.
27. Click on Page 2 in the Multi-Plot navigation pane.

28. Select the Plan sub-view. SubView | Scroll to open the Sub-view Options dialogue below.

Sub-View Options X

Scroll Position
CAuto This page only
@ station [JRreset all pages
(O Coordinate

Station From: | 800.000
Station To:
1600.000

Use Shift-Arrow or Ctrl-Arrow to scroll
from keyboard.

o[ conce

Figure 26-13: Plan Sub-View after Manually Scrolling and Rotating
29. Clear the Auto check box and check This Page Only (as above). Press OK.




Note the Plan position has not yet changed; we didn’t change coordinates or rotation angle yet.

30. Type <Shift + arrow> to scroll. Respond OK to the manual scroll prompt.

31. Use <Shift + arrow> to adjust the Plan sub-view so that the curve is fully visible and no longer
located below the scale bar. Try to get the Plan sub-view to look like the one in the figure
below.

Figure 26-14: Plan Sub-View after Manually Scrolling and Rotating

Note: Manual alterations to the Plan or Profile position and orientation can also be done by selecting the
window and then pressing <shift + arrows>. A prompt may remind you that Your Plan/Profile sub-view is
set to scroll with the current page station range. Do you wish to scroll manually instead? This operation
will disable the Auto check box as in step 29 above. <Shift + arrows > will scroll the plan or profile in the
direction of the arrow. <Ctrl + arrows> will rotate the Plan sub-view around its center.

32. % File | Close. Do not save changes.

In these exercises, we will create and retrieve Chapter layouts, copy and paste multi-plot items,
explore a couple of new sub-views and save the result for future use.

Copy and Paste of Multi-Plot Items

This exercise will add a title block to a Multi-Plot sheet. We will do this by opening an additional the
current Multi-Plot with a commonly used title block screen layout.

33. %= File | Open <RoadEngCivil>\Location\Align Stage 10.dsnx.

34. Select and <delete> the existing title block items so that only the Plan, Profile, scale bar
remain.
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Figure 26-15: Multi-Plot After Removing Title Block Rectangles

35. Multi-plot | Add New Chapter | Retrieve Other Layout. Select screen layout <Defaults and
Layouts>\Training\Title Block.clt. Press Open.

You will now have a second chapter with the title block we would like to copy.

36. Click and drag from the top right corner to select all the sub-views (rectangles in this case) of
the title block as shown in Figure 26-16.

37.Type <Ctrl + C> to copy the selection to the clipboard (or use menu Edit | Copy).

Figure 26-16: Selecting Multiple Sub-Views
(Rectangles in this Case) With a Mouse Click and Drag
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38. Click on the PlanProfile chapter. Type <Ctrl + V> to Paste the title block on your page (or use
menu Edit | Paste).

Your screen should appear as shown below:

- ProjectTitle = - -

Figure 26-17: Updated Title Block

39. We can save our new Plan profile chapter layout for future use: Multi Plot | Save Chapter to
open the Save Chapter dialogue. (optional)

40. We no longer need the Default chapter. Click on Default in the navigation panel, <right-click>
select Delete Chapter.

Add a Legend

In this section, we will create a legend sub-view item and examine some of its options.
41. With the PlanProfile chapter selected, select menu Multi-Plot | Insert Legend to create a
legend item.
Most of the legend items created automatically need to be removed; some of those remaining will
need to be renamed.

42. <Double-click> on the legend to open Legend Sub-View Options.
43. Click on the Items tab of the Legend Sub-View dialogue box.

44, Select and Remove all but the items shown below on the top. Multiple select is allowed use
<Ctrl + Click> or <Shift + Click>.
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Legend Sub-view Options Properties

General Items

PP - Plan L-line Location | ~ Currentitem
------------------------ Plan Slope Stakes
------------------------- Plan Road Edges

Plan Culverts =

Profile Topopgraphy Properties...
—_————-—- B v Profile Subgrade

Remove

Legend Sub-view Options Properties

General Items

SO B — - Horizontal Alignment| ~ Currentitem
------------------------- Plan Slope Stakes
------------------------- Plan Road Edges

Culverts =

Profile Ground Properties...
—_———— G- - - Vertical Alignment

Remove

Figure 26-18: Legend with Fewer Items (TOP) and New Descriptions (BOTTOM).

45, Select items on the left one at a time and change the Description as in figure above on the
bottom.

At this point you may wish to experiment with the other buttons. The Properties button allows you to
change the line, symbol and hatching for any item.
46. Click on the General tab, change the number of columns to 1 and press OK.

47. Finally move and size your legend so it fits nicely on the right side of the Plan and Profile
graphics. See Figure 26-19.

- Project Title
' Profile Vert Scale 1:200
" Profile Horz Scale 1:800

"Plan Scale 1:800

Legend
- Horizontal Alignment
--------- Plan Slope Stakes
--------- Plan Road Edges
Culverts
Profile Ground

- Vertical Alignment

Figure 26-19: Legend Added to Layout
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Add a Curve Table

In this section, we will create a horizontal Curve Table sub-view and examine some of its options.
48. With the PlanProfile chapter selected, Multi-Plot | Tables | Horizontal Curves to create the
table.

49. Move and size the table until it fits on the right of the Plan and Profile graphics. We can make
further adjustments to its layout and content:

o <Double-click> on the Horizontal Curve Sub-View table to open Curve Table Options.
o Change the Column Width to 25mm.
o Select Design Points All to include points of intersection (IPs) with no curve attached.
o Press the Add/Remove button to open the Curve Table Fields dialogue box shown in
the Figure below on the right.
- S P TS SeURREC.
., Profile Vert Scale 1:200
Profile Horz Scale 1:800
| Tite: Horizontal Curves v _Plan Scale 1:800
Columns Curve Table Fields
1 Width {mm): DAdosit  iaie Selected
1 =-0 Curves N Radius (R)
3 Tab’e::md:d. > B BCst. P,
3 = | B ecsin
i | @ Radius (R)
=1 Degree of Curve B Radius (+/-R)
E | Stationing Dist : Direction
onng Feenee B Arc.Len.()
Table Alignment Design Point B ChordLen.(C)
@® Horizontal OCurves B Type v
O Vettical @A ==t
Add Remove
0K | Item Desaiption
IPY -IP y coordinate.

[T T I"
Figure 26-20: Horizontal Curves Table Options Dialogue Boxes

50. Add and Remove items (<double-click> works) until you have only Radius (R), IP Stn, IP X and
IPY in the Selected column as in Figure 26-20.

51. Press OK in both dialogue boxes to see the results as shown below.

— - = - - Vertical Alignment

Horizontal Curves
1 2,C1
Radius (R) €00.0
IP Stn. 0+00.0 8+98.5
IP X 2196129.7 2196068.0
IPY 3284478 3292442

Figure 26-21: Horizontal Curve Table after Configuration



Saving Layouts

If you only have one chapter, you can save the layout as an individual chapter layout file (.clt): Multi-
Plot | Save Chapter button.

If you have multiple chapters and want to use their layouts together in a future file, you can save the
layout as an book layout file (.blt): Multi-Plot | Save Book button.

52. " 'File | Close. Do not save changes.



27. Fixed Section Editor

Fixed sections differ from standard cross sections in the sense they are “fixed” rather than
dynamically adjusting to reflect alignment changes and the logic and geometry associated with the
assigned cross section template.

With these sections, users can define their location (single section or range with sections generated
at specific stations) and can explicitly set the section geometry manually, generate cross section
geometry based on other surfaces, or adjust the way volumes are calculated using surface
operations and properties.

Since Fixed sections lose the dynamic behavior associated with the assigned templates fixed
sections are typically best reserved for projects where cross section geometry is fixed (such as-built
calculations where cross section geometry is based on a surveyed system) or near the end of the
design process.

1. "% 'File | Open <RoadEngCivil>\Location\Align stage 2.dsnx

2. View | Select Screen Layout (dropdown) to retrieve another screen layout: training Normal.dlIt
(located in the Training folder).

3. Open section editor: press the section editor button & in the window navigation toolbar.

Location - Align stage 2.dsnx

695  Setup
oom: 3084.19
2 ScaleLock.

‘‘‘‘‘‘‘‘‘‘‘ | Pseve [0 Displaystatus
@ g ﬂ Q taining Normal.it izmﬂﬁ 7] Display stats ;

New Addto
indow Panel * © Delete

—— Vertical Curves 0 x
= = [@][=]
LStn Cut Dp. Grads ~
I ft %
21+00.000 0103
21+25.000 0479 11 g Parabolc Rate (<) 0.0
21426.922 0184 o8 Length
21+50.000 0251 b
21475.000 0339 e Sight dstance
21475.942 0342 b
22+00.000 0385 e No Curve
22+25.000 0287 e
22450.000 0211 e
22+75.000 -0.062 b
22+86.580 0.050 ;
22+86.580 0050 "
Saton  Eevaton  Grade
TR - | mamsss| 1165406 1s
P (250 | 173597
A SE=] e
F 2238580
i I IR, 1Ry
- 1190 :
I 1185 i
i
- 1180 '
s !
s i :
185 {
i
L 1160 v
|
F1"8 o o o S % & &
Leceol ool el aoelonesdreienlinooel ol
LStn: 22+86.580 Gralst 16 Superl 20 FSiopeR: 100.00
CutDp: 0,050 L-Ssl 24 SuperR 20 <
St Ml 20 Borer 1000 & 3 Horizontal Curves ) Vertical Curves
ArABEB-SwERE <P SIOB QAR & Q @ 4 1189315

Figure 27-1 - Screen Layout for Cross Sections

4. To allow cross sections volume calculations to be based on equal end area calculation,
check the box Ignore Points Between Fixed Sections in the lower part of Cross Section Editor
panel.

5. Press the Add Section... in the Cross Section panel.



Within the Add Fixed Cross Section dialogue, enable Station Range, check Whole Road and
check Start of Range.

The next step is to assign the station interval where you would like the cross sections:

6. Press the '+ nextto Point Types. Press Select All button. Uncheck Include box.
<Double-click> on Auto interval points (25.000 Ft).

8. Press Properties button. Ensure Automatic is checked, set the Interval to 20.0. Press OK
three times to exit all the dialogues.

9. Each section will be displayed in Cross Section panel. Refer to Figure 27-2.

Cross Section o x

=-E3 Fixed Sections ~
G- 000,000
G- 0420.000
G- 0440.000
-5 0460.000
[ 0480.000
S 1400.000
G- 1420.000
G- 1440.000
G4 1460.000
-9 1480.000
.S 2+400.000
- 2+20.000
G- 2440.000
G4 2460.000
G- 2480.000
S 3400.000
- 3+20.000
S 3440.000
G- 3460.000
G- 3480.000
G- 4400.000
-9 4420.000
[ 4+40.000
[ 4460.000 v

(6}

(E)

Fixed Section

Add... ayer Operations...

Remove Layer Properties...

Start of fixed range

Figure 27-2 Cross Section Panel

One can now select each cross section and view it in the section panel.
Editing Layer of Individual Cross Sections:

10. Maximize the Section window.

11. In the Cross Section Editor panel, click on the station you would like to edit, in this example
we will edit 0+40.000.

12. Press the '+ next to the section. Click on the plus nextto SG. Select polyline, 7-point refer
to Figure 27-3.
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.. ™= Topo

: e palyling, 32 points
Bl SG
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G- ™ 5rf3

o

Figure 27-3 Cross Section Editor with SG Polyline Selected

13. The subgrade (SG) layer should now be highlighted in magenta in the section window.

14. <Right-click> in the section window | select the Add/Edit Polyline Pt. Tool. Click and drag the
center point IP point. Refer to Figure 27-4.

One can notice the SG Cut Volume at Station 0+40.00 will increase.

Individual layers can be modified following this procedure.

FIXED 0+40.000
1

w
|

L 10
15

P o w0 T & & 8 8 F
2 e L B | I | | P | L. | | I | L.l
L-5tn; 0+40.000 Grd.MNxt.: -28 L-Ssl -0.4 Superl: 0.0 FSlopel: -33.33
Cut Dp: 0142 Grd.Lst -2.8 L-Ssr -25 SuperR; 0.0 FSlope R:100.00

L 45
L a0
L &5

Figure 27-4 Cross Section Panel with SG Polyline Selected

In the Location module, cross section end areas (and therefore volumes) are calculated using a layer
merging process which simulates the construction sequence. With fixed cross sections, you control
the shape and order of the layers, so it is important to understand this process.

Step 1 Layer 2 is compared with layer 1 (usually topo) and the
difference is calculated; this defines the cut and fill
areas for layer 2 (in this case stripping).



Step 2 Layers 1 and 2 are merged to create a new merged
surface (in this case the stripped surface).

Step 3 The merged surface replaces layer 1, layer 3 replaces
layer 2 and the two steps above are repeated.

Step 4 Repeat until all layers are processed.

The figure below shows the progression of the merged surface:

Fixed
Layer 1 (topo)
Cross- T
M

section o Layer 2 strigping)

/

\ i
A/ I : Layer 3 (undercut)

Layer 4 (final)

Merged
surface
after

Stripping is k /
applied 3 /o

Merged surface

Merged
surface
after sub-cut
is applied

Merged surface

Merged
surface
after final is
applied

Merged surface

Figure 27-5: Depiction of Merged Surface Progression

Note: The order of the layers in the Section Editor Tree-control is very important. Cut fill volumes are
calculated between the current layer and the merged surface.

Fixed Ranges

Fixed Sections divide the alignment into fixed ranges for calculation and reporting. A fixed range
starts at a fixed cross section with the Start of Fixed Range property set (figure below right) and
extends to the next fixed cross section. In the range between these two fixed sections no other cross
sections are calculated - the volumes are calculated from the fixed section end areas only.



If a fixed section does not have the Start of Fixed Range property box checked off (see below), then
all the cross sections between the two fixed sections will follow the original template—and the non-
fixed section volumes will be included in the volume calculation between the fixed sections.

Centerline

Intermediate sections not included in the
volume calculations.

start

range

A
foxed -~
range

Fixed sections

Figure 27-6: Fixed Sections and Intermediate Reporting Points
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28. As-Built Volume Calculations

This example will demonstrate how to calculate the volume between an original ground surface and
several as-built surfaces (stripping, undercut and final grade). This process is sometimes used to
calculate “pay volumes” for contractor remuneration.

Prior to starting this example, the following TIN surfaces were created from re-measure survey data:

OG.terx original ground

Stripping.terx waste (stripping) surface after the stripping of topsoil
UC.terx undercut (or sub-cut) surface

FG.terx final grade

Bxvem =] 1 =l =

Figure 28-2: Stripped Ground Surface

e == | [SEiE] & v EfeEs|o.

e

mh ==l

Ghs=sai

Ly ]

=id

Figure 28-3 : Under Cut Figure 28-4: Final Surface

We have also placed the centerline alignment in OG.terx as a ‘draped feature’ (Properties set to
Modeled but no Elevations).

Setup of Alignments and Surfaces

The first step is to create a new Location design.

1. Open the %' Location module and choose menu File | New File.
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2. Select Terrain Surface, Browse to the original ground terrain <RoadAsbuilt>/0G.terx. Press
Open, then OK to continue our setup

Choose Original Ground Surface (Topo)

Extract surface from one of the following sources:

(®) Softree documents
Terrain Surface
C:\Users\hbote\Desktop\V 10_Docs\RoadEnag Civil
|:| P-line Traverse Browse...
Choose fille name...
(O other (LandxML or ...} Browse. ..

Choose file name. ..

oK  Cancel

Figure 28-5: New location design dialogue - Choose Original Ground Surface (Topo)

3. We need a centerline. Choose Terrain feature from the Initial Alighment dialog box, press

Select, the CL was the selected feature from the Terrain file. Ensure “CL-O is selected. Press
Next.

Initial Alignment

Single Point
O ot Easting {X): 43326.915
Marthing (¥): 5343235.533
() Center of terrain
() Terrain current point
Alignment
(®) Terrain feature cL-0
() Traverse file Browse. .
(D) Landxm file Browss...
Harizontal
Vertical w
Fioad Class Spedfications. ..
<zprev | i Mexts» | | Cancel

Figure 28-6 : New Location start coordinates dialogue with Initial Alignment selected

The selected option will read the initial alignment from a terrain feature.
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Note: Referencing a terrain feature as your initial alignment is a common workflow but there are
alternative methods. Depending on project specifics, users may be inclined to reference an existing
alignment as a LandXML or define their own alignment after starting from a single point.

4. For the final step of the New Location Design dialogue, Initial Cross Section, select Standard
Template and Empty, as shown below, and press Done.

Initial Cross Section

[ standard Template
(ODefault (@ Empty
[IFixed Sections

I Browse, .
Section spacing: 25.0

Corridor Sections {*.csx)
Mo File setected Browse, ..

Sections (LandXML:CrossSectSurf)

Design Sections (LandXML:DesignCrossSectsurf)

«<Prev .- Cancel

Figure 28-7 : New Location Initial Cross Section dialogue with Empty Template selected

Your screen should be like the figure below.
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i
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i
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B 1468
Dy 216 359 m
218 359 e
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52539
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B318.1 23 =)
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P ABEB S wSRE e P HONB AR QYA s e |
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Figure 28-8: Location Initial Screen Layout

There is no template assigned, which in RoadEng means that is a “bridge” template (no cut, no fill).

We will now define the as-built surfaces as reference surfaces in our design file.
Reference surfaces are used for display and control of templates and volumes. For this example,
they will be set to stripped, undercut and final surfaces respectively.

Now we are going to add the three reference surfaces in the order of construction: Stripping,
Undercut and Final Surface.

5. Select Corridor ribbon Options button, then select Reference Terrains/Surfaces as shown on
right side of dialogue in the figure below:

Alignment : H-align1

MName:

Start Station Display in background
[ H-align1 | [oo0 | =
Reference
P-ine Traverse
no associated file Terrains/Surfaces...
Features...
Browse...

Dynamic surface calculation

Report Paints. .. D Extend ground 3]
Optimization. .. [[pisable fast draping
Cancel

Figure 28-9: Adding Terrains/Surfaces

6. Press Add... select Terrain File, press OK, and then browse to select the stripped surface file:
<RoadAsbuilt>/Stripping.terx.

" Topo surface Add...
Remove
Terrain File Carridor Surface
Source: | 05, terx | Browse...
Description:
MNew Reference Surface X
() Corrider Surface
(®) Terrain File
(7 Subsurface
Topo Surface
1
QK
cancel
Cancel

Figure 28-10: New Terrain Reference Surfaces '



Type in a Description (“stripping”)
Select the colour and line-types

Turn on Include in cross-section as a template volume surface (e.g. As-Built)

P w0 bR

Set the Layer to Srf 10 - Layer 10 above subgrade (we’ll change the layer description later in
this example).

It should match the image below:

Reference Terrains/Surfaces

" Topo surface OG.terx Add...

v Terrain,Surface 1 stripping. terx Remove

(@) Terrain File () Carridor Surface

Source: | stripping. terx | | Browse, ..
Desaiption: | Stripping |

Layer: S.rF:lO —.Layer 10 above subgrade b
cobr: o ey I | |+
Line-type: | 0-som )
Symbols: | None vl

[Lotked to the design E

Indude in cross section as a template volume surface (e.g. As-built) P

Figure 28-11: Reference Terrain surface Configuration (Stripping)

Next, we will set Reference terrain 2 to UC.terx (“undercut”) and Layer SG.
7. Press Add... again, select Terrain File, OK, this time browse to Select the file
<RoadASbuilt>/UC.terx, press OK
Type in a Description (“Undercut”)
Select the colour and line-types

Turn on Include in cross-section as a template volume surface (e.g. As-Built)

w0 bR

Set the Layer to Srf1l - Layer 11 above subgrade

It should match the image below:



Reference Terrains/Surfaces

» Topo surface OG. terx Add...
» Terrain/surface 1 stripping. terx Remoive

' Temrain/Surface 2 uc, terx

(®) Terrain File () Corridar Surface
Source: | uc. terx | Browse...
Description: | Undercut] |
Layer: | Srf;11 - La\fer 11 a;boue st..lbgrad-e b |
coer: ey I | |+
Line-type | o-soig — |
Symbals: | Mone w |
OLodked to the design

Indude in cross section as a template volume surface (2.g. As-built) e

Figure 28-12: Reference Terrain Surface Configuration (Undercut)

Note: The order of reference terrain layers is important if we are to get realistic volume calculations later.
They should be in chronological order: stripping before final grade.

8. Click on the Add... button again, select Terrain File and browse for the
<RoadAsbuilt>/Final.terx file.

Type in a Description (“Final Surface”)

Select the colour and line-types

w N B

Turn on Include in cross-section as a template volume surface (e.g. As-Built)
4. Select layer SG - Subgrade material.

It should match the image below:

Reference Terrains/Surfaces

+ Topo surface QE. terx C - Add...
onstruction 2

» Terrain/Surface 1 stripping, terx Remove

 Terrain/surface 2 uc, terx Order

' Terrain/Surface 3 Final. terx

(®) Terrain File () Corridor Surface

Source: | Final.terx | Browse...
Description: | Final Surface |

Layer: |56 - Su.bgrade materiall. ™

cobr eoey I | |+

Line-type: | 0-solid = |

Symbols: | None V|

[JLocked to the design III

[l indude in cross section as a template volume surface (2.q. As-built)




Figure 28-13: Reference Terrain Surface Configuration (Final Surface)

Note: By using the SG - Subgrade material layer, the expansion/compaction factors are applied to the
assigned materials.

9. Press OK to return to Alignment Options, OK again to accept and a final OK to Recalculate
Range.

Your screen should look similar to the figure below.
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Figure 28-14: Cross Section at Station 250

You can now see all the surfaces combined.

Next step is to retrieve a screen layout (Training As-Built.dlt) to ensure your screen displays matches
the screen displays in this example, as shown in the Figure below.

10. View tab | Screen Layout down drop, select Training As-Built.dlIt from the Training folder.

i."'_"-1 BEA S . s Active Window
E'!-n-.'_
: "-") Home Corridor View GPS Setup Secticn
i @L Zoom 200% QZuum Extents | Zoom: 200.0 = ﬁ Cascade @ G {] I: [training as-built.dlt ~||. [ Save
| Q Zoom 50% @&, Clear Zoom 5 Scale Lock ] Tite Vertically D Training # |etrieve |
) Switch New  Addto training as-built. dit
Q Zoom Window {'Ij Pan = Tile Horizontally Wikdoar~ Windoar® Panel= B training Costing.dit elete
Zoom Window

training Culvert.dit
training Curve H.dlt
training Curve V.dlt
training Normal.dlt
training OptHaul.dit v

—

Figure 28-15: Selecting the Provided Training As-Built.dlt Screen Layout
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Your screen should be similar to the screen below.

| D as-buitat <] Bsave

Display Status

Z * ﬂ(as:a e m Q 4]
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LStn S0 Cut V. S0 Fill V. S11 Cut V. STl V. SG CutV. SGFillV. B
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s 5.0 554 32 146
el 5.9 00 B 00 372 19
200 56.7 00 612 00 32 120
2l 56.0 00 654 00 23 365
0 5.2 00 627 00 %2 603
25l 539 00 593 00 %5 7
20 531 00 573 00 21 8.3
2=l 532 00 574 00 215 8.8
Zo 531 00 573 00 196 8.2
oy 515 00 501 00 18.4 83
b 494 02 502 00 17 836
0 481 06 450 00 17.6 834
oy 175 09 487 01 180 818
2=l 4587 08 188 01 183 o7.1
200 198 04 184 01 187 888
ey 491 01 474 01 192 902
2o 476 00 165 01 197 915
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s 126 00 151 19 127 ]
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Figure 28-16: Data Table Showing Cut and Fill Volumes

This as-built screen layout will display the stripping (Srf10), undercut (Srf11) and final surface (SG)
cut and fill volumes.

It is possible to customize the headers of the Data Window for Srf10 and Srf11.

11. Home | Templates | Materials. Select Srf10 and change the Abbreviation to STR and
Description to Stripping, as shown in the figure below:

Template Materials

5rf7 - Layer 7 above subgrade )
Srfé - Layer 8 above subgrade
Srfa - Layer 9 above subgrade
STR. - Stripping
W Srfll - Layer 11 above subgrade
°' Srfl2 - Layer 12 above subgrade
Srf13 - Layer 13 above subgrade
5rf14 - Layer 14 above subgrade
5rfi5 - Layer 15 above subgrade G

Abbreviation: Description:
|STR | |51ripping|

Fill Ground Type [ Material:

[ s Unassigned === v"

Replaceable o | Cancel |
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Figure 28-17: Template Materials Configuration

12. Repeat the steps for Srf11. Change the Abbreviation to UC and the Description to Undercut.
The figure below shows the new headers.

13. Press OK twice to return to close the Template Materials and Template Editor dialogues.

14. Press OK when prompted to Recalculate Range.
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STR Cut V.
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STRFill V.
Cu . m.

UC Cut V.
Cu.m.

UC Fill V.
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SG Cut V.
Cu m.

SG Fill V.
Cu m.

2150
2200
2250
2300
2350
24000
2450
2500
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531
53.2
531
515
494
481
475

593
57.3
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57.3
541
50.2
490
487
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245
241
216
19.6
184
177
176
18.0

T
85.3
85.8
86.2
85.3
836
834
84.8

IEEN

Figure 28-18: New Headers (Stored in the Template *.tpl file)

Note: The material names seen in the Data Table headers are stored in the template table (*.tpl) file (as
well as in the document). Use Home | Templates | Save Table to make these settings (and the
templates) available in other documents.

Line types and hatching for the cross section were extracted from the screen layout in step 10
above. They can also be configured in the Section Window Options dialogue box.
15. <Right-click> in the Section Window, select Section Options.

16. Click on the plus I+ button beside Template to open the Template Display Format dialogue.
Here we will modify the line types, color and hatching for STR, UC and SG:

Select STR, press Linetypes...
Update the Line/Border and Hatching to colours of your choice

Press Ok.

P w0 R

Repeat steps for UC and SG. Your end result should look something like this:



Scales
Horizontal; | 96.2 [[] Automatic scaling
Fixed Ratio

Vertical: 96.2

Options

Template = Ground Layer 1 +

Topography £ Ground Layer 2 +

Cubverts & Stripping B

Template Display Format x
Labels Material Surfaces
Format... 1 5TR - Siripping Linetypes...

Codes... | UC - Underaut [ visplay Labels

Hatch cut areas
Hatch fill areas

56 - Subgrade material.

Show: | pesigned templates ~

[ Cancel

Figure 28-19: Template Display Format

17. Press OK twice to exit the dialogues.

Note: Hatching can be toggled on and off with a right click in the Section window.

Finding Volume Reporting Errors

As we found in the previous section, survey data (and the resulting surfaces) are not always perfect;
as construction sites are often extremely dynamic it can be difficult for the surveyor to exactly
account for the transition between layers such as stripping, undercut, subgrade, and original ground.
An example of such discrepancies is a stripping surface that extends beyond the original ground.
These survey imperfections can produce fictitious volumes, in this example it is unlikely the undercut
surface would define fill, so the fill portion of the surface and volumes should be excluded.

An example of an error is shown in the image below, the undercut surface goes above the original
ground at station 300.



f!\ Section

3000

Undercut Fill Area

Figure 28-28-20: Undercut Fill Area at Station 300

Errors can be corrected by fixing the surveyed surfaces in Terrain and reimporting them into

Location. Another solution is to create fixed cross sections from the existing surfaces and then
modify the cross sections layers.
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Reasons to use Fixed Cross Sections:

1. To limit the places where cross sections are calculated. In this example, we have cross sections every
10m and wherever a report point has been created (i.e. around curves). You can use fixed cross sections
to only calculate cross sections at specific places.

2. To adjust the cross section to correct surveying or other issues.

Note: In cases where it is desirable to create a surface beyond what was surveyed the user may wish to
do this manually by modifying the surface in terrain, by using fixed sections, or they may wish to extend
the referenced topo surface automatically by using the “extend ground” function in the alignment
options dialogue box.

Alignment : H-align1

e Start Station Display in backaround
| IET | [oo0 | &
Reference
P-Line Traverse
no associated file Terrains/Surfaces...

Features...
Browse...

Dynamic surface calculation
Report Points. .., Extend ground +
Optimization. .. [ pisable fast draping

Cancel

Figure 28-28-21 - Corridor Options with Extend Ground Enabled

Creating Fixed Cross Sections

18. Open the Section Editor panel using the A button in the Navigation Bar at the bottom.

19. In the Fixed Section Panel, press the Add Section button to open the dialogue box below.
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Add Fixed Cross Section

D Current Section

Station:  310.0

@ Station Range

Whole Road From:

0.0
To: | 18012

MNew Section Properties

[ ]start of Range (ignore points between fixed sections)

[ ]Remove existing first

Point Types
Ban [+

Cancel

Figure 28-28-22: Add fixed cross section dialogue.

20. Enable Station Range and check Whole Road.

21. Under Point Types turn off All. Press the £ button to open the Point Type Selection dialogue

box.

Point Type s | -
Profie Points A e
Plan Points -

Reference Points l Select Al

BC/EC Points
BVC/EVC Points
Start/End Points
Standard editable
P-Line Survey paoin

\Properties... |

Feport Point Properties

Auto interval point

| Standard editable REPORT point

Auto interval poinf P-Line Survey points

Culvert insertion p

Auto interval points (25.000m.)
Auto interval points 2 (100.000m.)

Culvert insertion points

Selected pts.; 322

Culvert ditch override points
Template assignment range points
Template over-ride points

Fixed Section paints

Fill assignment range paints
Sub-Harizon assignment range points
| Curve point, BC or EC

Site Preparation assignment range points

Description
Auto interval points {25.000m.

Automatic

Farmat
(®) Plan Window
() Profile Window

[ ] use Default Symbol
Symbol|

-

Cancel |

Figure 28-28-23: Point Type Selection
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22. <Double-click> to select the first Auto interval points, then press the Properties button to
configure.

23. In the Report Point Properties dialogue, update the interval to 25.0, press OK, and OK again
to return to the Add Fixed Cross Section dialogue box.

24. Under New Section Properties turn on Start of Range (ignore points between fixed sections).
This will exclude sections between the 25m intervals from volume calculations. Press OK.

Add Fixed Cross Section

i) Current Section

Statlon 10,0

JLILIT

Station Range
® g
Whole Road From: | p.o Paint Types

To: | 16012 man ]

MNew Section Properties
[] start of Range (ignore points between fixed sections)

[ |Remove existing first ' Ok ' Cancel

Figure 28-28-24: Add Fixed Cross Sections

A Softree warning message will appear:

Softree Warning

Warning: Section areas or geometry not retained during the
conversion from Templates to Fixed Sections. Checking section areas
and geometry is recommmended. Press F1 for help.

[[]Do not show me this message again

Figure 28-28-25: Softree Warning

25. Press OK to acknowledge the warning.

Notice that the Section Editor tree control is now populated with specified sections (start, end, and
25m spacing), as shown in the image below:
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Figure 28-26: Fixed Section Editor

Fixed sections have been created from station 0.0 to 1601.2 (End Station). Because we set the Start
of Range property for all sections, no other cross sections are calculated in this range. Although the
layer polylines were created from the surfaces (draped), the surfaces are now ignored inside this
range.

Reviewing the Data window, notice the larger volumes in the Strip Fill V. column after Stn 800.
26. Click on L-Stn 850 in the Data window. Your section window should now appear as follows:
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Figure 28-27: Fixed Cross Section with Stripping Fill Hatched

The hatched area is the stripping surface fill; stripping, by definition, should only result in cut. We will
use this as an example to use fixed cross sections to modify individual cross sections.

Editing Layer Polylines

We will now edit the as-built surfaces on a fixed cross section:

27. Click on the ®- button beside section 850.000 in the tree to view the section layers. Expand
the tree further by clicking on the - button beside STR (see figure below).

Section Editor o o

A 675.0 A
A 7000
4 725.0
A 7500
A 775.0
4 3000
-4 825.0
-4 850.0
- ™ Topo
- L™ palyline, 14 points

..... - C >
- S5

Figure 28-28: Viewing Layers in the Fixed Section Editor

28. Click on the polyline item immediately under STR.

Your Section window should appear as shown in the figure below, with the polyline in magenta.
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Figure 28-29: STR polyline selected for editing.

Note: that the STR layer is highlighted magenta and that the points have a small box symbol; this should
remind you of a selected feature in the Terrain module.

29. <Right-click> in the section window and notice that there are four edit modes available
(figure below).

Selection Tool (or hold CTRL key)
Add/Edit IP Tool

~  Add/Edit Polyline Pt. Tool
Edit Label Tool

Figure 28-30: Section window edit modes. The first and third
apply to editing fixed section layer polylines.

The Add/Edit Polyline Pt. Tool allows you to edit polyline nodes the same way you edit vertical IPs in
the Profile window or feature points in the Terrain module. You can Add, Remove, Break or Join
polyline pts (see buttons at bottom of Section Editor panel).

30. Optional: Make some mouse edits on the selected polyline. Undo, <Ctrl-Z>, is available.

Manually editing multiple fixed cross-sections can be slow/time-consuming. A more powerful option
is a Layer Operation.

Using a Layer Operation

31. Select station 850.000 in the Section Editor panel, then press Layer Operations.

32. In the Layer Operations Dialogue, select Minimum of 2 Layers, and set the dialogue to match
the image below:

1. Select Layer 1 as Topo
Select Layer 2 as STR
3. Select Destination Layer as STR
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Layer Operations

Operation

WlﬁﬂL.H‘IT of 2 layers |

!_ayer 1 ) Destination layer:

|Tapa ¥ = [sm |
Layer 2: i .

sTR N

=H [1apply to all sections
Harizontal Extents

[Irestrict range inside layer Topo

() all (Layer1 OR Layer?) (®) Overlap (Layer 1 AND LayerZ)
ok ] | cancel |

Figure 28-28-26: Layer Operations

4. Press OK to complete the operation for just this one cross section.

5. Press OK when prompted with a warning message about STR already existing, as shown in
the figure below:

Location

o STR exists do you wish to overwrite?

Figure 28-28-27: Layer Operations - Warning Message

Stripping should always be under the topo. This operation updated the cross section as shown in the
image below:
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Figure 28-28-28: Section 850.0 After Layer Operation

We will now use the Layer Operations for all the fixed cross-sections:
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33. Again, select Layer Operations in the Section Editor panel.

34. The Layer Operations dialogue will remember the settings from step 32 above. In addition,
set Apply to all sections.

35. Press OK to complete the operation for all cross sections. Press OK when warned about
overwriting existing STR.

All fixed cross sections have now been updated to have stripping coincident with or below the
original ground. To validate this, we can see in the data table that STR Fill V total is 0.0.

36. Scroll to the bottom of the Data window to see the totals for the entire alignment.

== Data:l = Bl )
L-Stn STR Cut V. STRFill V. UC Cut V. UC Fill V. SG Cut V. SG Fill V. ~
m. Cu._m_ Cu_m._ Cu._m. Cu._m_ Cu._m. Cu. m.
E;gggg 375 9 0.0 2928 05 3599 813
bt 3711 0.0 315 4 07 4529 107 4
s 367 8 0.0 3100 04 4013 90 8
bt 397 1 0.0 3167 07 299 1 94 5
s 319 3 0.0 344 9 125 323 5 148.0
D 230.0 0.0 3632 227 2245 209.0
s 2094 0.0 306.5 11.0 76.1 2417
b 161.2 0.0 288 8 01 337 3149
g 146 9 0.0 3338 00 116 420 1
o 76 0.0 172 0.0 01 230
Cum. Tot 25032 8 00 142754 548 9 77073 263846 v

Figure 28-28-29: After Layer Operation, STR fill volume is zero.
As you can see in the figure above, the undercut (UC) fill is non-zero; we could use the methods
learned in this exercise correct this.

Using Layer Operations to Limit Horizontal Extent

Volume calculation errors can also be caused by different horizontal extents for the surveyed
surfaces.

37. Select station 425.000 in the Section Editor panel.

Note that the final grade surface extends beyond the original ground surface (both left and right).
With the SG fill area hatched, you can see that the volume outside the original ground surface is
approximate; the OG layer is extrapolated horizontally.
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Figure 28-28-30: Station 425.000 with subgrade fill hatched



It is worth noting that non-fixed cross sections behave differently in this situation. The following
optional steps will temporarily include the sections between the fixed sections at 425 and 450.

38. Optional: With station 425.000 selected in the Section Editor panel, clear the Start of fixed
range check box.

Section Editor X

- 275.000 ~
- 300,000
@'} 325.000
- 350,000
- 375,000
-4 400.000
% 425,000
- 450.000
- 475,000
-4 500.000

R T
Fixed Section
Remove Layer Properties...

[ 5tart of fixed range
End of Fixed Range

Figure 28-28-31.: Start of fixed range removed for one segment

39. Optional: Move the current point to the next cross section (use the Next Point 1::"' button in
the status bar at the bottom or type <Ctrl-Shift-N>)

Note that the Section window shows the fill hatching falling off the screen and the Data window
shows large fill volumes.
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Figure 28-28-32: Non-fixed cross section with overflow condition.

40. Optional: Select station 425.000 in the Section Editor panel and set Start of fixed range to
restore the previous state.

Using Layer Operations, we can truncate longer layers to match the shortest horizontal extent.

41. Open the Layer Operations dialogue box, and set up to match the image below:
Select Copy Layer

a.
b. Select Source Layer as SG

o

Select Destination Layer as SG
d. Check Apply to all sections

e. Check Restrict range inside layer, and select Topo
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Operation

Copy Layer .
Source layer: Destination layer:
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Vertical offset:
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Apply to all sections
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Cancel

Figure 28-28-33: Layer Operations Limiting Horizontal Extents
42, Press OK to complete the operation.

This operation has truncated the SG surface so it no longer extends beyond the original ground
survey. You can use the Section Editor to click through a few cross sections to see the impact. You
may also want to truncate the STR surface (note overlap on left of section 475.000).

The Data window now shows more accurate “pay volumes” for stripping, undercut and sub-grade
within the range where we have applied fixed sections. The Data window contents can be copied to
the clipboard (right click context menu) and pasted into a spread sheet where volumes can be
calculated for custom ranges and/or multiplied by unit costs to calculate payments.

In RoadEng, we can remove volumes by:
e Deleting the alignment (Corridor > Delete Range) beyond the extents we are interested in, or
e Removing surface information in fixed sections we wish to omit. Note that volumes are
calculated between sections using average end areas, so both sections must be empty to
generate zero volume.

Note: There is an alternative workflow to calculate as-built quantities that uses “follow surface” template
components instead of surfaces with Include in cross-section as a template volume surface (e.g. As-
Built) (Steps 6 through 8 above). One advantage of this workflow is it allows the user to remove sections
of road from volume calculations by assigning a bridge template in station ranges where volume
calculations are not wanted. The drawback of this workflow is it requires more set-up.

Note: Data Window details can be copied and pasted directly into an Excel spreadsheet. To do so, <right-
click> | Copy Data to Clipboard, then open your spread sheet document and paste.

43. File | Close, do not save changes.



29. Creating a Composite Surface

In this section, the designed surface from the Location module will be exported and merged into the
original ground surface in the Terrain module. The resulting composite surface is ideal for
presentation; it is also a starting point for designing an intersecting road.

Note: Refer to Getting Started section for file install folders (<RoadEngCivil> and <Defaults and
Layouts>).

For this example, we will assume that this design is finished, and we want to export the designed
surface.

1. "'File | Open in Location. <RoadEngCivil>\Location\Align stage 9.dsnx.

2. Choose menu %'File | Save As to open the file save dialogue box.

o Setthe type to Terrain File (*.terx).

o Change folders to <RoadEngCivil>\Composite

o Name the output file Road Surface XXX.terx, where XXX is your initials (we don’t want
to write over the tutorial file).

“® Choose design save name:
<« « 4 | <« RoadEngCivil > Compasite v | | | Search Composite 7]

QOrganize * Mew folder =z -
Name Type
# Quick accese

& Composite Surfacetern M Softree Terrain

33 Dropbox & Road Surfacetenc Softree Terrain

& roadsurfacecctens 2PM  Softree Terrain

¢@& OneDrive
I3 This PC
¥ Netwark

L 3 Homegroup

< >

File name: | (RN EIaRER &

Save as type: .Softree-Terrain (*temx) ~

e Folder T

Figure 29-1: File Save As Dialogue Box Ready to Export
a Terrain File From The Location Module

3. Press Save; the Export to Terrain options dialogue box will open (Figure 29-2).
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[ shading
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~
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Add... Remove
Cancel

Figure 29-2: Export To Terrain Options Dialogue Box

Note: The Export to Terrain function can be used to:

* generate a construction surface for staking or digitally controlled grading

* export alignments for use as reference features in another design

* export alignments for use as displayed features in a map or other plan drawing

* export the designed sub-grade or finished grade to create a composite designed surface

Most of the items in the dialogue box are set correctly by default; we will only explicitly deal with

some of the features below. Type <F1> to see a description of every control in the Export to Terrain
dialogue box.

4. Make sure Final Surface (Merged Surface) in Sections / Surfaces. We want to export the
surface of the road as if it were complete.

5. Make sure that Include Sections is checked and that Offset: 0.0, From Disturbed limits. We

will export data up to the slope stake lines but no further; in other words, we will export the
disturbed area.

6. Make sure that the Surface Limits is checked and also check the Boundary to the right of it.
This will limit our surface to the stay within the stake lines (SS).

Ensure that the Create TIN model check box is set.

8. Although data points will be exported for all template points that define the surface, it is
often desirable to make point codes into linear features. This “connects the dots”. There are
currently four items in the Linear Features from Template Codes list:

o PT1L - pavement edge (left)
o PT1L - pavement edge (right)
o SB3L - shoulder edge (left)

o SB3R - shoulder edge (right)



9. All of these, point codes will be connected together. Ensure Breakline box is checked (select
an item to see its properties below).

10. Next add the ditch bottom features: DIL; DIR; DOL; DOR to the list of Template codes. Press
the Add... button to open the dialogue box shown below. These codes represent ditch inside,

outside left and right as shown in the figure above (use <Ctrl + click> to select/deselect
multiple items).

Add Template Codes

CL ~
CL1L
CLiR
CLZL
CL2R
CL3L
CL3R

Add
FT2L
FT2R
REL W Cancel

Figure 29-3: Add Template Codes Dialogue Box after
Selecting Ditch Bottom Point Codes.

11. Select all the new items and set the Breakline check box.

We have finished setting the options for export. It is useful to note that these options are saved with
the Location design when you save it.

12. Press the OK button to export the Terrain file.



Next the designed surface created above will be merged with the original ground terrain to make a
composite.

13. Open the Terrain module (the Location module menu Setup | Terrain button is handy).

14. @File | Open <RoadEngCivil>\Location\Topo.terx.

15. The first step is to save this file to a new location so the location design is not ruined by
modifying the original ground terrain.

16. Use File | Save As to open the file save dialogue box.

o Ensure file type is set to Softree-Terrain File (*.terx).

o Change folders to <RoadEngCivil>\Composite.

o Name the output file Composite Surface xx, where xx is your initials (this will prevent
writing over the example file).

o Press Save button to copy the file.

17. Bring in file from previous exercise: Terrain Modeling | Merge Terrain button. This will open
the Merge Surface Options Dialogue box (below).

18. Browse... for <RoadEngCivil>\Composite\Road Surface XXX.terx (the file you created in the
previous exercise).

Merge Surface Options

Source terrain file to be merged

File: | ftree{Trainingy 10\RoadEngCivil\Composite roadsur facexx, tery | Browse. ..

Figure 29-4: Merge Surface Dialogue Box

19. Press OK to merge the Terrains. A “Warning No Space for Undo” appears. Say OK to
continue.

Warning No Space for Undo

Warning there is not enough space to UNDO this operation

Do you wish to continue?

Cancel

[ ]Don't display this message when this occurs in the future

Figure 29-5: Warning Dialogue Box

20. Now we need to re-calculate the surface. Terrain Modeling | Generate TIN button. This will
open the Terrain Calculation Dialogue box.

21. Keep the existing settings and press OK to recalculate the triangles and contours.

22. View | New Window | 3D from drop down menu. A 3D window will appear on your screen.
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23. View | Tile Vertically Button to see the 3D and Plan windows side by side.

24. @File | New do not save changes.

3D

> Measure Mode
a Mode

el
)

Field Valve Units

Figure 29-6: Composite Surface Showing Designed
Road Merged with Original Ground.

Iterative Alignment Design

This composite surface model could now be used as the original ground surface for a new Location
design. This could be used to design an intersecting road, driveway or overpass. This would ensure
grade elevations are coincident (or grade separation in the case of an overpass) and would avoid any
double counting of volumes. We might also wish to design the other direction for a divided highway.
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