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Richard Gamble, PE Cadell Chand, PE
Traffic Engineer Traffic Analyst
City of Vancouver, WA Washington County, OR



Overview:
A Better Way to Determine
Passing Sight Distance

www.washingtoncountyor.gov/lut | Department of Land Use & Transportation www.cityofvancouver.us/departments/public-works | Public Works Department



- 2008 Housing Crash — ARRA Money

* Funding for “shovel ready projects”
* First time Traffic Engineer assigned to Overlay projects
* Best time to modify striping is when the road is painted black

* Colleague got a call complaining about roadway striping
* 50 mph roadway
* Hilly
* They were right!

* Survey is too expensive and staff unavailable, so alternative used for analysis
was the 2-car method



- Two-Car Method

Driver & Recorder Driver

G

Reset DMI to O in both vehicles and then Recorder notes where visibility lost

oo oo

Problems with this method:

e Staff and equipment intensive
* Hard to do with vehicles passing the trailing car and making visibility difficult

 Hard to keep the spacing correct




- Findings for Common Striping Errors

Once the two-car method was done, we had to correct it for other
issues such as

1. WA State Law states that passing shall not occur within 100 feet of
an intersection.

2. When a stop sign or signal is along the corridor, vehicles shouldn’t

be passing if the driver is within the stopping sight distance of the
sign/signal.

3. Passing zones were too short to allow for drivers to complete the
pPassing maneuver.



= Isn’t There a Better Way???

* LiDAR data can provide point clouds with lat, long, elevation. This can
be post-processed by the vendor to provide breaklines and contours.

* Civil 3D can analyze point cloud data to provide latitude, longitude,
elevation data along a centerline, along with providing stationing.

* Could I make a program or spreadsheet to take all of these into
account?



= Civil 3D Output

Profile Elevation Differences Report (csv format)

PVI Station Easting Northing Elevation Design
0 0+00.00 1167212.875" [182464.063" |653.71'
1 0+25.00 1167234.022' [{182450.729" |653.96'
2 0+50.00 1167255.17" [(182437.295" |654.61'
3 0+75.00 1167278.075' [182427.284" |655.55'
4 1+00.00 11673201.443' (182418.626" |656.09'
3 1+25.00 1167325.4° 182411.4382" |656.18'
6 1+50.00 1167349.634" |182405.351" |656.58
7 1+75.00 1167373.898"|182399.329" |657.50°
8 2+00.00 1167398.237"|182394.141" |658.97°
9 2+25.00 1167422.979"|182389.929" |659.99°
10 2+50.00 1167447.632" |182385.778" |660.02°
11 2+75.00 1167472.213"|182381.797" |660.04
12 3+00.00 1167497.115"|182378.767" |660.05°




- Spreadsheet Inputs

Road evaluated: Road |D#:
Limits: ADT:
speed: Classification:

Main Direction:

Date:
Distance to evaluate vert.(ft): horiz. (ft) -
Closeout distance (ft): no-pass (ft): 400

Eye height (ft):

Object height (ft):
Road width (ft):
Shoulder each side (ft):

630




= Spreadsheet Output (after 15-20 min)

Road: Lost Lake Road Date: 6/3/2015

Road |1D#:

Limits: Bridge to Dee Hwy Posted speed limit: 40

Passing Sight Distance Plan
Number From Station To Station Striping pattern Geocode

1 0+00 103+25 NO PASSING 1-NP
2 103+25 109+75 LEFT-NO PASS, RIGHT-PASS 2-NP-P
3 109+75 117+00 NO PASSING 3-NP
4 117+00 123+25 LEFT-NO PASS, RIGHT-PASS 4-NP-P
5 123+25 137+75 NO PASSING 5-MNP
6 137+75 144450 LEFT-NO PASS, RIGHT-PASS 6-NP-P
7 144450 171450 NO PASSING 7-NP
8 171+50 1830+00 LEFT-NO PASS, RIGHT-PASS &-NP-P
9 130+00 182475 NO PASSING 9-NP
10 182+75 193+00 LEFT-PASS, RIGHT-NO PASS 10-P-NP
11 193+00 195+75 NO PASSING 11-NP
12 195+75 202400 LEFT-NO PASS, RIGHT-PASS 12-NP-P
13 202+00 207+25 PASSING 13-P
14 207+25 216+25 LEFT-PASS, RIGHT-NO PASS 14-P-NP
15 216+25 298+00 NO PASSING 15-NP

et
o




- Lesson’s Learned

* The spreadsheet does a great job in identifying decision locations for
QA/QC checks.

* You need to get Lidar data when you get aerial photography; get it
post-processed into contours and breaklines.



BACKGROUND:
POINT CLOUD DATA
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- What is Point Cloud Data”

* 3D model made of individual points
* Each point has an X, Y, and Z coordinate

* Can be derived from Light Detection and
Ranging (LiDAR)

* Point coordinates calculated by laser (light)
detection and referenced to base unit

* Historically expensive to collect and process,
but becoming more affordable and accessible




- Data Available to Us

* “truck-mounted” LiDAR data from
Washington County
* Pros: higher point density

* Cons: points not classified; “noise”
from adjacent vehicles

e “qerial” LiDAR data from Metro

* Pros: points classified; “bare earth”
model available

* Cons: lower point density; “noise”
from vegetation and canopies




- Data Available to Us

 Decided to use “aerial” LIDAR data from Metro

* “bare earth” model provides more consistent roadway surface data
* Data is available to most Metro jurisdictions (process can be replicated)
* Accuracy within 6-inches

@ Metro Home Release Notes User Guidesv RLISAPI Metadata Viewer Terms of Use v

RLIS Discovery

hbodbilinitibbess.. . ... vasdl
arch for data by keyword or phrase

Regional Land Information System

Since the inception of the Regional Land Information System (RLIS) in the late 1980s, Metro's Data Resource Center staff have worked with
regional partners to collect and combine a wide array of data into a seamless dataset for use in regional decision-making. RLIS Live, first
published in 1996, is the data that are regularly updated and available to download or access as web services. The work of Metro's regional
partners and data contributors ensures that RLIS Live data is current and accurate.

Use of RLIS data implies acceptance of Metro's Terms of Use policy.



PROCESS:
POINT CLOUD TO SPREADSHEET
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= Sample Corridor

* Segment of NW West Union Rd chosen as sample corridor

* Variety of horizontal and vertical curvature
* Confident in existing striping’s accuracy (can compare results)




- Raw Data to Civil 3D

" RECAP PRO @ e L signin A connect
id | Geom X ¥ z | intensity | return_number | number_of_retu

1 i <geom, point> 395000.04... 133798.54 30.76 41 1 1
| |2 <geom, point> 395000.27 133798.59 30.76 63 1 1
| |3 <geom, point> 395000.23 133798.91 31.060000... 58 1 1
| (4 <geom, point> 395000.21 133799.53 30.82 63 1 1
| |5 <geom, point> 395000.27 133799.94 30.76 39 1 1
| |6 <geom, point> 395000.02 133798.51 30.740000... 46 1 1
| |7 <geom, point> 395000.26 133798.55 30.77 44 1 1
| |8 <geom, point> 395000.25 133798.99 31.07 45 1 1
| |9 <geom, point> 395000.18 133799.65 30.73 39 1 1
| |10 <geom, point> 395000.17 133797.53 30.740000... 34 1 1
| (1 <geom, point> 395000.43 133798.49 30.78 79 1 1
| |12 <geom, point> 395000.18 133798.45 30.75 68 1 1
| |13 <geom, point> 395000.24 133798.7 3104 42 1 1
| |14 <geom, point> 395000.35 133799.62 30.740000... 84 1 1
| |15 <geom, point> 395000.08... 133799.58... 30.71 68 1 1
| |16 <geom, point> 395000.21 133799.86 30.71 68 1 1
| |17 <geom, point> 395000.53 133797.79 30.77 41 1 1
| |18 <geom, point> 335000.28 133797.75 30.740000... 40 1 1
| |19 <geom, point> 395000.02 133797.71 30.75 33 1 1
| |20 <geom, point> 395000 133797.93 30.73 38 1 1
! <geom, point> 395000.29... 133797.97 30.75 34 1 1
| |22 <geom, point> 395000.58... 133798.02... 30.740000... 38 1 1
| |23 <geom, point> 395000.52 133798.85 31.080000... 44 1 1
| |24 <geom, point>> 395000.26 133798.81 31.080000... 43 1 1
| |25 <geom, point> 395000.01 133798.78 30.990000... 47 1 1
| |26 <geom, point> 395000.03 133799.04 31.080000... 40 1 1
| |27 <geom, point> 395000.32 133799.08... 31.05 40 1 1

28 <geom, point> 395000.62 133799.13 31.04 37 1 1 W

£ >

Raw LiDAR data Import to Clean point
(typ .las file) AutoCAD ReCAP cloud in ReCAP
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= Civil 3D to Spreadsheet

T T e

Insert

TOOLSPACE
L]

Active Drawing View

4 points
@} Point Groups
# ® Surfaces
Alignments
e Lines

E§ Edit

@ cdit Attributes

File References
Reference N_a Status

B seriat
‘
& Aerial

Type
Date

Found At

Create alighment

from surface

Create point group
from alignment

Location

Locatia

Ry ¥ T

> a2

4

Active Drawing View

=0 RiveraerialCAD
=% Points

= Point Groups
=[] _All Points
@ Surfaces

2> Alignments

7 Feature Lines
‘&l Sites

B4 Catchments
80 Pipe Networks
T Pressure Networks
‘Bl Corridors
e Assemblies

PN P

Point Num...

PR A A A e A A A e A A I e e A A A A A e
U
A

Easting
702919.6014"
702918.1652'
701561.1277"
701565.1422"
701944.2990°
701922.2446"
7019333116
701927.7118"
701569.1567"
701949.6729°
701938.9113"
701916.8072'
701955.0711"
701911.3699"
701905.9102'
701573.1712*
701900.3257"
701960.6077
701894.7411"
701577.2356'
701966.1443"
701883.7818"
701581.3184"
701889.2213"
701971.6808'
701585.4012"
701593.5667"
701589.4840°
701878.3423"
701976.9605'
701872.9028'
701597.6495"
701982.3337
701601.7323"
701867.4632"
701987.9159°
701605.8150"
701856.5842'
701862.0237"
701609.8978"
701622.1540°
701851.1447"
701613.9806°
701618.0634"
701993.4981"
701998.9664"
701845.7052"
701630.3541"

TA4LAE AT AN

Northing
1376704.5865"
1376714.4828'
1380769.1545"
1380759.9956'
1380046.7609"
1380080.1282"
1380063.4703"
1380071.7554"
1380750.8368"
1380038.3276"
1380055.1852"
1380088.5208"
1380029.9101"
1380096.9133"
1380105.2912"
1380741.6780"
1380113.5865"
1380021.5827"
1380121.8818"
1380732.5413"
1380013.2552"
13801386112
1380723.4127"
1380130.2200
1380004.9278"
1380714.2842"
1380696.0270"
1380705.1556"
1380147.0023"
1379996.4352'
1380155.3935"
1380686.8984"
1379988.0032"
1380677.7698"
1380163.7847"
1379979.7062"
1380668.6413"
1380180.5670"
1380172.1758"
1380659.5127"
1380632.1304"
1380188.9582"
1380650.3841"
1380641.2555"
1379971.4093"
1379963.0374"
1380197.3493"
1380613.8888"
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Export XYZ data

SING SIGHT DISTANCE EVALUATION

Instruction STEPS:

1. CLICK BROWN BOX below

3. Paste the data into columns B through E

6. Click on the red box to begin analysis for both directions.
7. Go to the "Results" Tab to get the output in a table

4. Indicate the influence area of Publit Intersections with an X, F, or Rin column A

|1the stations need to be in intervals of 25 ft
Updated 5/26/14

STEP 1: CLICK HERE TO ERASE DATA BELOW.

Step 4: Influence Area (100 ft around . STEP 3: STEP 3: STEP 3:
STEP 3: Station
intersections, also Table 1) Northing Easting Elevation (ft)

0+25 1376729.327' 702916.0109' 162.5004
0+50 1376754.068' 702912.4203' 162.6086
0+75 1376778.809' 702908.8298' 162.7757
1+00 1376803.55' 702905.2393" |163.174
1+25 1376828.29' 702901.6447" 162.9753
1+50 1376853.03' 702898.0502' 162.9921
1+75 1376877.771 702894.4557"  |163.0425
2+00 1376902.511 702890.8611" |163.5378
2+25 1376927.25' 702887.2626' 163.5945
2+50 1376951.989" 702883.6569' 163.5535
2+75 1376976.728' 702880.0512" 163.5737
3+00 1377001.468' 702876.4567" |163.7304
3+25 1377026.214' 702872.9055' 163.8903
3+50 1377050.961' 702869.3543' 164.0081
3+75 1377075.709' 702865.8147" 163.9662
4+00 1377100.462' 702862.3076' 164.1125
4+25 1377125.215' 702858.8004' 164.7658
4+50 1377149.957' 702855.2234' 164.5434
A4+75 1377174.696' 702851.6176" |164.3594
5+00 1377199.434' 702848.0118' 164.4302
5+25 1377224.17¢' 702844.4268' 164.442
5+50 1377248.937' 702840.9748' 164.5771
5+75 1377273.697° 702837.5228' |164.1968
6+00 1377298.458' 702834.0708' |163.933
6+25 1377323.218' 702830.6188' 164.0671
6+50 1377347.951 702826.9726" |164.0072
6+75 1377372.678' 702823.2894"  |163.4665
7+00 1377397.405' 702819.6062" |163.4658
7+25 1377422.14° 702815.9793" |163.1531
7+50 1377446.89' 702812.4507' 163.2182

Input into

spreadsheet tool

STEP 6: CLICK HERE TO BEGIN ANALYSIS

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

STEP2

Road evaluated:
Limits:

speed:

Main Direction:

Date:

Distance to evaluate vert.(ft):
Closeout distance (ft):
Eye height (ft):

Object height (ft):

Road width (ft):
Shoulder each side (ft):

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK




= Evaluating Results

* This method calculated passing zones that matched or were slightly
more conservative than existing conditions.

* This method calculated no-pass zones further from the ends of horizontal
curves than existing conditions.

* This method calculated passing zones for vertical curves within 25-ft of
existing striping.

Calculated
4 No-Pass
- 18450




- Key Takeaways and Future Work

* This method accurately calculates passing sight-distance considering
horizontal and vertical roadway curvature.

* This method is less resource intensive than observational methods (e.g., two-car
methods) and conducting a full survey.

* Applications of this method include producing centerline striping plans for overlays or
to double check existing striping when responding to public inquiries.

* Future iterations of this process could use classified point cloud data to
include vertical obstructions.

* Professionals should advocate for LiDAR data in their respective
jurisdictions.
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Department of Land Use & Transportation
www.washingtoncountyor.gov/lut
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cadell_chand@washingtoncountyor.gov

Public Works Department
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Richard Gamble:
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