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Agenda

* Welcome

* Intro from MDOT

* Review from Module 1

* Michigan Safety Crash Analysis Maps: Background

» Crash Modification Factors

* Break

« Michigan Safety Crash Analysis Maps: Planning Analysis vs Project Analysis
« Michigan Safety Crash Analysis Maps: Adjustment Factors

* Michigan Safety Crash Analysis Maps: Examples

* Wrap-up
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Intro from MDOT
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Review from Module 1
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What i1s DDSA?

Using tools to analyze crash and roadway data to predict the safety
Impacts of highway projects allows agencies to target investments with
more confidence and reduce severe crashes on the roadways.
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Safety Data Analysis

BONNER COUNTY, IDAHO

2014 10 2018 Crash Data Overview for Al Emphasis Areas
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Spot vs. Systemic
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Issues with Traditional Crash Analysis

HSM Addresses:

* Quality & accuracy

* Reporting thresholds

* Frequency-severity
 Differences between jurisdictions
 Randomness and change
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HSM Performance Measures

Observed Crashes A
Excess
Expected Crashes Expected
Crashes
Predicted Crashes g

Traffic Crashes

Safety Performance Function

Model developed based upon data from
many similar sites

Traffic Volume

ATKINS ///
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Appropriate Level of Safety Analysis

Category Type Program/Project Type Project Examples

SOELGIEVAVETRICEQER AN Road Capital Preventive Tier I*
Maintenance (CPM)
e Pavement Seal Micro-Surfacing, Ultra-Thin Overlay

e Functional Enhancement Overlay, Shoulder Ribbons

Freeway Resurfacing Single or Two Course Overlay Tier I*
Program (FRP)
Non-Freeway Resurfacing HMA Overlay Tier I*
Program (NFRP)
Guardrail Cable barrier, guardrail, median ~ Tier I*
barrier
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Appropriate Level of Safety Analysis

Category Type |Program/Project |Project Examples

3R - Bridge Overlay, widen lanes, barrier/railing Tier Il
Resurfacing, replacement

Restoration and

sERELINEN[ ] M Road — Pavement  Resurfacing, milling, concrete overlays, inlays

Road — Operational Passing relief lanes, turn lanes, thru lanes

Road — Safety Minor alignment improvements, roadside
safety improvements, lane or shoulder
widening, intersection or rail-grade crossing
upgrades
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Appropriate Level of Safety Analysis

Category Type |Program/Project Type |Project Examples
Analysis Tier

SR s M Road - Major Full-Depth Replacement Only Tier Il

rEIEU s Pavement

Rehabilitation Reconstruction
IR — Bridge Bridge deck or superstructure replacement  Tier IV

Reconstruction
@I BTl Roadway Major alignment of geometric improvements,
Reconstruction Intermittent grade modifications (over 50%)

Roadway Operational Adding lanes to increase capacity

Improvements
New Construction of new Construction of additional miles of roadway or Tier IV
Construction facility new bridge on new alignment
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Michigan Safety Crash
Analysis Maps: Background
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Crash Data Collection

Google Earth

ndbatJ Copernicis y ; 100 mi

Member of the SNC-Lavalin Group //
15




AcCronyms

» CMF — Crash modification factor

» Fl — Fatal and injury crashes

» EB — Empirical Bayes Approach

» HSM — Highway Safety Manual

» LOSS - Level of Service Safety

» PDO — Property damage only crashes
» SPF — Safety Performance Function

eeeeeeeeeeeeeeeeeeeeeeeee
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Analysis Background

Planning Level Analysis

» Segmentation —-FHWA Highway Performance Management System
(HPMS)

» Safety Performance Functions
« MDOT SPF’s
« HSM SPF’s
» AADT and Roadway Characteristics — HPMS
» Adjustments needed in some cases
» KMZ and SHP

ATKINS ///
Member of the SNC- -Lavalin Group
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Avalilable Files

For each region, the following files exist in KMZ and SHP format for:

» Total — Excess Expected Total Crashes
» Fl — Excess Expected Fatal and Injury Crashes

» LOSS — Level of service safety

ATKINS ///
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Avalilable File - ProjectWise
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Roadway Network

» All federal-aid roadways
(trunkline and local agency)

» Segmented using HPMS to
Increase network coverage from
previous versions

» Intersections, segments, ramps,
ramp terminals, freeway
segments

» If Intersection node not present,
data is included within the
adjacent segment

ATKINS
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Data within each file (1 of 2)

Point ID — unique ID for location

Estimated minor AADT — used if no minor
AADT in HPMS

Signal — 1=yes, 0=no
Crash counts — observed crash frequency

totals for five years (2014-2018) by crash type
from UD-10 coding

Predicted FI — Average annual predicted fatal
and injury crashes which is (predicted fatal
crashes + predicted injury crashes)

Predicted PDO — Average annual predicted
PDO crashes

Predicted Total - Average annual predicted
total crashes which is (predicted fatal crashes +
predicted injury crashes + predicted PDO
crashes)

17475

Intersection ID 17475
Intersecting Road #1 E Auburn Rd

Intersecting Road #2 g;iochester

7 Urban=1,Rural=0 1

Legs 4
Oakland

County G

B MDOT Region Metro

Latitude -83.131737
Longitude 42636136

{  Major Road AADT 52723
. Minor Road AADT 13661

Years of Crash Data 5
Signal 0=No,1=Yes 1
Single Motor Vehicle 2
Count

Head-On Count 1
Head-On Left Turn Count 6
Angle Count 21
Backing Count 4
Rear End Count 147
Rear End Left Turn Count 0
Rear End Right Turn 1
Count

Sideswipe Same Count 28

Sideswipe Opposite
Count

Other Count
Unknown Count
Pedestrian Count
Bicycle Count

Member of the SNC-Lavalin Group //
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Data within each file (2 of 2)

Head-On Left Turn Count 6

» Expected FI — Average annual expected fatal and ' LA R—
injury crashes which is (expected fatal crashes + : e
expected injury crashes) , P nemsmctin o

» Expected PDO — Average annual expected PDO Siteswine Opposts g

3 ! = Count g
CraSheS : ; Other Count 8

» EXxpected Total - Average annual expected total *VR B Focectian ot 0
crashes which is (expected fatal crashes + expected | | St
Injury crashes + expected PDO crasheg) | L R

» EXxcess Fl. Excess expected fatal and injury crashes , Dalyenocine. 2
which is (Expected FI — Predicted Fl) : ToaIPOO Crashes 102

> Excess PDO. Excess expected PDO crashes which is & S AT N TR
(Expected PDO — Predicted PDO) £ 3 Fodcts o3 50 32349

» EXxcess Total. Excess expected total crashes which is S Bz
((EXpeCted FI + EXpeCted PDO) — (Pl‘edicted FI + _ gcessgoo -gis::fgf:
Predicted PDO)) : e 12.060695

LOSS Il

» LOSS. Level of service safety

Directions: To here - From here

ATKINS //
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Non-Freeways

OBJECTID_12
Join_Count
TARGET_FID
Year_Recor
Route_ID
Route_Name
Route_Qual
Route_Sign
F_System
Facility_T
County_Cod
Ownership
Through_La
Speed_Limi
AADT
AADT_Singl
AADT_Combi
Rural_Urban
Trunkline
Median
Length_Miles
SEGMENT_ID
County_Name
Region_Name
ORIG_FID
OBJECTID_1
ShapeSTLen
UniquelD
MDOT Region
:"m intu

W 12 Mile Rd

40302

1

40302

2017
4462980
W12 Mile Rd

0.998757
Non_freeway_403C
Oakland

Metro

540393

540394
171.654549
Non_freeway_403C

Metro
Nakland

Segment Data Listing

ATKINS

Member of the SNC-Lavalin Group

15692

Intersection ID
Intersecting Road #1

Intersecting Road #2

Urban=1,Rural=0
Legs

County

MDOT Region
Latitude

Longitude

Major Road AADT
Minor Road AADT
Years of Crash Data
Signal 0=No,1=Yes
Single Motor Vehicle
Count

Head-On Count

15692

W 12 Mile Rd
Orchard Lake
Rd

1

4

Oakland County
Metro
-83.35867
42.499221
36393

17620

5

i

5
1

Head-On Left Turn Count 6

Angle Count
Backing Count
Rear End Count

80
5
152

Rear End Left Turn Count2

Rear End Right Turn
Count

3

Sideswipe Same Count 69

Sideswipe Opposite
Count

Other Count
Unknown Count
Pedestrian Count
Bicycle Count

3

Intersection Data Listing

ez
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Freeways

Terminal-748 S

OBJECTID_1 2159

FID_FHWA2017_Freeways 2157

Join_Count 1

TARGET_FID 2157

County Oakland Year_Recor 2017

o N Orchard Lake/E | 696 RAMP Route_ID 710701
oad Name (046D) > Route_Numb 696

Urban 1 . Route_Name E 1696

Length(mi) 0.347 f Route_Qual

Avg AADT 859 Route_Sign

Years of Crash Data 5 F_System

Single Motor Vehicle Count0 Facility_T

Head-On Count 0 County_Cod

Head On-Left Turn Count Ownership

Angle Count Through_La

Backing Count Speed_Limi

N Orchard Lake/E | 696 RAMP (046D)
OBJECTID_1 409
Ramp ID RAMP_409
Unique ID RAMP_409
Region Metro

Terminal-748

OBJECTID_1 307
Terminal-

Term_ID 748

Terminal-

748

Cross Section SG5

Site Type D3ex

Urban=1,Rural=0 1

Legs 3
QOakland

County County

Region Metro

Latitude 42497815

Longitude -83.358568

Ramp Average AADT 28965

Crossroad Average AADT 26597

Years of Crash Data

Signal(0=No,1=Yes)

Single Motor Vehicle Count

Head-On Count

Head On-Left Turn Count

Angle Count

Backing Count

Rear_End_Count 44

Rear End-Left Turn Count 0

Rear End-Right Turn Count 3

Sideswipe Same Count 25

Sideswipe_Opposite_Count1

Other Count 1

Terminal ID

Rear End-Left Turn Count AADT_Singl 4145

Rear End-Right Turn AADT_Combi 23070

Count Rural_Urban 1

Sideswipe Same Count 1 Length_Miles 0.350007
Sidesvyipe 0 Segment_ID Freeway_399
Opposite_Count NAME Macomb

Other Count CNTY_CODE 099
Unknown Count Region Metro

Pgdestrian Count Unique ID Freeway_399
gltt):yt::\/i?unt Region Metro
= County Macomb

Obs SVFI Road Name E 1696
Obs MV PDO I anathimil nas
4

Obs SVPDO

0
0
1
Rear End Count s AADT 180233
0
0

- w0000 s

Ramp Terminal Data Listing Ramp Segment Data Listing Freeway Segment Data Listing

Member of the SNC-Lavalin Group //
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Show examples in Google Earth
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Crash Modification Factors

Member of the SNC-Lavalin Group




Crash Modification Factors (CMF)

Expected Average Crash Frequency with Site Condition b

CMF =
Expected Average Crash Frequency with Site Condition a

Expressed as: CMF + SE
SE is Standard Error

SE is used to determine low, medium, and high confidence interval for CMF

ATKINS
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Crash Modification Factor

CMF = 0.88 for Total Crashes

Calculate Crash Reduction
Factor (CRF)

CRF =100 x (1.00 - CMF)

CRF =100 X (1.00 — 0.88)

CRF = 12% reduction in total
crashes

eeeeeeeeeeeeeeeeeeeeeeeee
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cmfclearinghouse.org

€ M E (RASHMODIFICATION FACTORS CLEARINGHOUSE

ABOUT THE CLEARINGHOUSE USINGCMFs DEVELOPINGCMFs ADDITIONAL RESOURCES

The Crash Modification Factors Clearinghouse provides a searchable database of CMFs
along with guidance and resources on using CMFs in road safety practice.

ENTER SEARCH TERMS...

FREQUENT SEARCHES: ROUNDABOUT

WHAT ARE (MFs?

A crash modification factor (CMF) is used to

rarmniita tha AavinAactad noimbhar Af frachacs AffAr

GETTING STARTED

Learn more about how to use this site in our User
(Caida cnrdinm

SIGNAL | PEDESTRIAN | SHOULDER | TSMO | BROWSEALL

UPDATED RATINGS
The CMF Clearinghouse transitioned to the CMF
ratinea Aritavia davialanad Ac nart AfF A AICLIDD



Crash Modification Factor

¥ Category: Intersection traffic control (5)

O 10)
] 2(3)
O 3(0)
] 4(1)
] 5(1)

» COUNTRY

[l U.5. & Canada (5}
J International (8)]

» (RASHTYPE

» CRASH SEVERITY

» ROADWAY TYPE

» AREATYPE

» INTERSECTION TYPE

» INTERSECTION GEOMETRY
» TRAFFICCONTROL

> INHSM

¥ Subcategory: Traffic control visibility (5)

¢ Countermeasure: Add additional signal and upgrade to 12-inch lenses

» Countermeasure: Install larger signal lenses (12 inch)

* Countermeasure: Replace 8-inch red signal heads with 12-inch

O

L

CMF CRF(35) Quality Crash Type Crash Severity
058 42 NN Angle All
097 3 B All All

Area Type

“NOTE: You can compare CMFE geross counfermeasures, subcategories, and cofegories.

EXPORT ALL RESULTS TO EXCEL

Reference

SRINIVASAN
ETAL., 2008

SRINIVASAN
ETAL., 2008

Comments



Crash Modification Factor

CMF ID: 2333

REPLACE 8-INCH RED SIGNAL HEADS WITH 12-INCH

DESCRIPTION:
PRIOR CONDITION: NO PRICR CONDITION(S/
CATEGORY: INTERSECTION TRAFFICCONTROL

STUDY: EVALUATION OF THE SAFETY EFFECTIVENESS OF SELECTED TREATMENTS AT URBAN SIGNALIZED INTERSECTIONS, SRINIVASAN ET AL., 2008

Star Quality Rating: ‘wrw»ww [VIEW SCORE DETAILS]

Rating Points Total: 135

Crash Modification Factor (CMF)

Value: 0.58

Adjusted Standard Error:



Five Minute Break

Member of the SNC-Lavalin Group




Michigan Safety Crash
Analysis Maps: Planning vs.
Project
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Planning Level vs. Project Level Analysis

Planning Level Analysis

»  KMZ and SHP files are planning level analysis
> Network screening level with very few CMF’s to adjust for geometric conditions

Project Level Analysis
> Quantify the safety impacts of geometric or traffic control modification

»  Quantify the impacts of a design exception

> Need to apply additional CMF’s to planning level analysis results to convert to a project
level analysis

ATKINS ///
Member of the SNC- -Lavalin Group
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Planning Level - Project Level

Adjustment -

Planning level Multiply planning Project level

expected level expected
crashes crashes by
additional CMF’s

expected
crashes

ATKINS ///
Member of the SNC -Lavalin Group
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Equations

Project Level Expected Fl = Expected FI * (CMF1 * CMF2 *CMF3 *....)

Project Level Expected PDO = Expected PDO * (CMF1 * CMF2 *CMF3 *....)

Project Level Expected Total = Project level Expected FI + Project level Expected PDO
Or

Project Level Expected Total = Expected Total * (CMF1 * CMF2 *CMF3 *....)

ATKINS ///
Member of the SNC- -Lavalin Group
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CMF Adjustments

Intersections

eeeeeeeeee

Lighting
Right-turn on Red
Median

Number of lanes
Speed Limit
Traffic control

aaaaaaaaaaaaaaa

Segments

« Shoulder Width

* Driveways

* Horizontal Curve

* Terrain

« Passing Restrictions
« Lane width

* On-street parking

* Lighting

« Median

 Fixed objects

Y/



Freeways — No Adjustments Required

Terminal-748 S

OBJECTID_1 2159
FID_FHWA2017_Freeways 2157
Join_Count 1
TARGET_FID 2157
Year_Recor 2017
Route_ID 710701
Route_Numb 696
Route_Name E 1696
Route_Qual

Route_Sign

F_System

Facility_T

County_Cod

Ownership

Through_La

Speed_Limi

AADT 180233
AADT_Singl 4145
AADT_Combi 23070
Rural_Urban 1
Length_Miles 0.350007
Segment_ID Freeway_399
NAME Macomb
CNTY_CODE 099
Region Metro
Unique ID Freeway_399
Region Metro
County Macomb
Road Name E 1696

‘I annthimil nAas

N Orchard Lake/E | 696 RAMP (046D)
Terminal-748 - OBJECTID_1 409

OBJECTID_1 307 Ramp ID RAMP_409
Term_ID Terminal- Unique ID RAMP_409

748 Region Metro
Terminal- County Oakland
748 N Orchard Lake/E | 696 RAMP
Cross Section 565 Roadiame (046D)
Site Type D3ex Urban 1
Urban=1,Rural=0 1 ! Length(mi) 0.347
Legs 3 S Avg AADT 859

QOakland Years of Crash Data 5
Cauny County Single Motor Vehicle Count0
Region Metro Head-On Count 0
Latitude 42497815 Head On-Left Turn Count
Longitude -83.358568 Anglg Count
Ramp Average AADT 28965 Backing Count

Terminal ID

Rear End-Left Turn Count
Rear End-Right Turn
Count

Years of Crash Data
Signal(0=No,1=Yes)
Single Motor Vehicle Count Sideswipe Same Count 1
Head-On Count Sideswipe

Head On-Left Turn Count Opposite. Count 0
Angle Count Other Count
Backing Count Unknown Count
Rear_End_Count 44 Pedestrian Count
Rear End-Left Turn Count 0 Bicycle Count
Rear End-Right Turn Count 3 Obs MV FI
Sideswipe Same Count 25 Obs SVFI
Sideswipe_Opposite_Count1 Obs MV PDO
Other Count 1 Obs SVPDO

0
0
1
Crossroad Average AADT 26597 Rear End Count ;
0

- w0000 s

Ramp Terminals Ramp Segments Freeway Segments

Member of the SNC-Lavalin Group //
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CMF Adjustments —Intersections
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CMF —Intersections (Two-way)

Attribute CMF Base Conditions

Lighting No =1.00 Absence of lighting
Yes = 0.74
Right-turn-on-red Allowed = 1.00 Right-turn-on-red is permitted

Prohibited = 0.74

ATKINS ///
Member of the SNC -Lavalin Group
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CMF —Intersections (Two-way Streets)

Median Presence on Minor Street

Median Presence

Median presence on major No Yes
street

No 1.00 0.72

Yes 0.71 0.51

ATKINS ///
Member of the SNC -Lavalin Group
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CMF — Number of Lanes (Signalized)

Number of Major Number of Minor Street Through Lanes

i S I I
2 0.92 -- -- -- --

3 0.96 0.98 -- -- --

4 1.00 1.02 1.05 -- --

5 1.05 1.07 1.10 1.13 --

6 1.10 1.12 1.15 1.18 1.21

Member of the SNC-Lavalin Group ///
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CMF — Number of Lanes (Stop Control)

Number of Major Number of Minor Street Through Lanes

i S I I
2 0.94 -- -- -- --

3 0.97 0.99 -- -- --

4 1.00 1.02 1.03 -- --

5 1.03 1.05 1.07 1.08 --

6 1.06 1.08 1.10 1.12 1.14

Member of the SNC-Lavalin Group ///
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CMF —Intersections (Two-way Streets)
Major Posted Speed

Speed limit Lo
P Limit (mph) Signalized Unsignalized

25 0.76 0.86
30 0.83 0.90
35 0.91 0.95
40 1.00 1.00
45 1.10 1.05
50 1.20 1.11
55 1.32 1.16
60 1.45 1.22
65 1.59 1.29
70 1.74 =

ATKINS ///
eeeeeeeeeeeeeee -Lavalin Group
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CMF — Intersections (Two-way Streets)

Left-turn lanes

Intersection Intersection Number of approaches with left-turn lanes
Type Traffic

Control
One approach Three Four
approaches approaches approaches

Three Leg Minor-road 0.45
stop control

Three Leg Traffic Signal 0.93 0.86 0.80 --

Four Leg Minor-road 0.73 0.53 -- =
stop control

Four Leg Traffic Signal 0.90 0.81 0.73 0.66

I\TKINS ////



Intersection Example
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Intersection Example — M-11 & Eastern

A

.', v - \ \ 7 1
Backing ot 5 = : From KMZ
Rear End Count 103 A >
Rear End Left Turn Count0 : - A ! _
] Rear End Right Turn 0 ) EXpeCted FI - 854
Count
Sideswipe Same Count 44 =
e : > Expected PDO =45.0
Count
Other Count 21
Unknown Count 0 : ’ '
| Pedestrian Count 4 - - 2 =
oceComt 1 S I Objective
Total MV FI Crashes 32

Toal SVFICrashes 5 3 e Calculate the project level

Total MV PDO Crashes 213

Tota SV PDO Crashes 4 S Expected Fl and Expected

Total FI Crashes 37

Total PDO Crashes 217 ' PDO. Also determine the

Total Crashes 254

Preccea o7z impact of adding a median to

Predicted PDO 64.763338 N h

Predicted Total 80.837596 | - t

Expected Fl 8.538839 sz : \ 2 8 Stre et b
Expected PDO 45.010368 : y

Expected Total 53.549207

Excess Fl -7.535419

Excess PDO -19.75297

Excess Total -27.288389

LOSS Il

Directions: To here - From here

Y ) E i I N B . i
<
Member of the SNC-Lavalin Group //
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Intersection Example — M-11 & Eastern

Expected FI Adjustment
FI Crashes: Project Level Expected FI = Expected FI * (Product of CMF’s)

PDO Crashes: Project Level Expected PDO = Expected PDO * (Product of CMF’s)

Step 1 — apply Expected FI value from KMZ
FI Crashes: Project Level Expected FI = 8.54 * (Product of CMF’s)
PDO Crashes: Project Level Expected PDO = 45.0 * (Product of CMF’s)

ATKINS ///
Member of the SNC- -Lavalin Group
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Intersection Example — M-11 & Eastern (Step 2)

Step 2 — Calculate product of CMF’s

Lighting

Right-turn-on-red

Median

Number of Lanes

Speed Limit on major street

Left-turn Lane

Product of CMF’s

ATKINS

Member of the SNC-Lavalin Group

Lighting Present

Not present on any approach
Not present on any approach
4 Lanes on all approaches
40 mph

Four approaches of a
signalized intersection

CMF
0.74
1.00
1.00
1.05
1.00
0.66

0.51

Y/



Intersection Example — M-11 & Eastern (Steps 3 & 4)

Step 3 — apply product of CMF’s from step 2
Project Level Expected FI = 8.54 * (0.51)
Project Level Expected PDO =45.0 * (0.51)

Step 4 — Calculate the project level Expected FI and PDO

Project Level Expected FI =8.54 * (0.51) = 4.36
Project Level Expected PDO =45.0 * (0.51) =22.95

ATKINS ///
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Intersection Example — M-11 & Eastern (Steps 5 & 6)

Step 5 — Determine impact of median — select CMF which is 0.71

Step 6 — Calculate the project level Expected FI and PDO with median
Project Level Expected FI =4.36 *0.71 = 3.10
Project Level Expected PDO =22.95*0.71 = 16.30

4.36 3.10 1.26
PDO 22.95 16.30 6.65
Total 27.31 19.40 7.91

ATKINS ////



CMF Adjustments - Segments
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CMF — Two Lane Rural Segments

Shoulder Width

Driveways

Horizontal Curve

Terrain

Passing Restrictions

ATKINS
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CMst — e-0.024(Wsw-6.0)

CMF,,, = €002 -15)

CM ic = e0.714(phc)

CMFterrain (level) =1.0
CMFterrain(roIIing) =1.07

CMFrstr = eo'O()S(prstr)

W, = Shoulder Width

Ngw = Number of driveways

Pne = (length of curves under
0.297 miles / total length of
segment)

P« = ((length of no passing
areas / total length of
segment) *100)

6.0 ft paved shoulder

15 driveways per mile

When p,,. = 1.0, then the
CMFis 2.0

When p,, is 100%, then the

CMF is 1.65



CMF — Four Lane Rural Segments

Right Shoulder Width CMF,, = e0.037/(W _ -6.0) W,,, = Shoulder Width 6.0 ft right paved shoulder
Left Shoulder Width CMF, = 0064w _ -2.0) W,,,, = Shoulder Width 2.0 ft left paved shoulder
Driveways (undivided)  CMDy,ndivided) = €224 ?®  Ngwundiideay = Number of driveways 20 driveways per mile
Driveways (divided) CMD g divided) = €900y ) Naw (divideqy = NUMber of driveways 20 driveways per mile
Horizontal Curve CMF, . = e0-202(p, ) Pre = (Ilength of curves under 0.5 No horizontal curves with
miles / total length of segment) radius less than 0.5 miles
(2,640 ft)

Source: https://www.michigan.gov/documents/mdot/OR14-027 - MDOT_ Rural SPF -
ATKINS FINAL REPORT May 11 2018 623286 7.pdf
Member of the SNC-Lavalin Group
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CMF — Paved Federal Aid Rural County
Segments

Shoulder Width CMF,,, = e0.029(Wsw-6.0) W,,, = Shoulder Width 6.0 ft paved shoulder
Driveways CMD,, = 00100, -15) ng, = Number of driveways 15 driveways per mile
Horizontal Curve CMF, . = e0:86%(p, ) Prc = (length of curves under When p,. = 1.0, then the
0.297 miles / total length of CMF is 2.0
segment)

Source: https://www.michigan.gov/documents/mdot/OR14-027 - MDOT_ Rural SPF -
ATKINS FINAL REPORT May 11 2018 623286 7.pdf
Member of the SNC-Lavalin Group
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CMF — Two Way Urban Segments

Lane Width CMF,,, = e0.0219(W -12) = Lane Width 12 ft lanes

Right Shoulder Width CMF g, = e0028W -5 W _ = Shoulder Width 1.5 ft right paved shoulder

Left Shoulder Width ~ CMF,, = e0:022W _ -1.0) W,.,, = Shoulder Width 1.0 ft left paved shoulder

On-street Parking CMD,,, = 1+py* (f-1.0)  pp = Proportion of curb lenth with on-street  Two way streets with five or
parking = (0.5*L,/L) fewer lanes

P = See Table 1

Lo« = sum of curb length with on-street
parking for both sides of the road combined
(miles)

= length of roadway segment (miles).

Member of the SNC-Lavalin Group ////



CMF — Two Way Urban Segments

Roadside
fixed objects

Driveways

Lighting

CMF;, = See table 2

CMF,,, = e0.014(n  -10)% g-0.005(n

-0.002(n -8) * A-0.003(n -10
€ (dwr ) € (dwo )

CMFy = 1.0-(1.0*p;,-0.83*ppny)

-3) *

WI

D;, = Segment length (miles)
O,, = see table on next slide

Ngwe = Number of commercial
driveways

Ngwi = Number of industrial driveways
Ny = Number of residential driveways
Ngwo = Number of other driveways

Pir = Proportion of total nighttime
crashes for unlighted roadway
segments that involve a fatality or
injury (see table 3)

Ppnr = Proportion of total nighttime
crashes for unlighted roadway
segments that involve property
damage only (see table 3)

Absence of roadside
objects

10 commercial
driveways per mile

3 industrial driveways
per mile

8 residential driveways
10 other driveways per
mile

Roadway segments
with five or fewer lanes
Lighting

v v v
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CMF — Two Way Urban Segments

Median width  Restrictive medians: W, =Median width (ft) Restrictive medians = 16 ft
CMFmW — e—0.041(1/Wm—\/1_6)
Non-restrictive medians = 12 ft

Non-restrictive medians:
CMFm — e—0.0255(Wm—12)
w

Member of the SNC-Lavalin Group //
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Table 1 - 1, values for Urban Segments

Roadway Segment Type Parallel Parking Angle Parking

Residential or Commercial or | Residential or Other Commercial or

Other Industrial / Industrial /

Institutional Institutional
2U — Two Lane Undivided 1.465 2.074 3.428 4.853
3T — Two Lane with TWLTL 1.465 2.074 3.428 4.853
4U — Four Lane Undivided 1.1 1.709 2.574 3.999
4D — Four Lane Divided 1.1 1.709 2.574 3.999
5T — Five Lane with TWLTL 1.1 1.709 2.574 3.999

I\TKI NS Source: https://www.michigan.gov/documents/mdot/SPR-1639 539388 7.pdf
Member of the SNC-Lavalin Group
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Table 2 — Roadside Fixed Object CMF —
Urban Segments
CMF

0 1.5
2 1.38
5 1.26
10 1.13
15 1.07
20 1.04
25 1.02
30 1.01

I\TKI NS Source: https://www.michigan.gov/documents/mdot/SPR-1639 539388 7.pdf
Member of the SNC -Lavalin Group
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Table 3 — Nighttime Crash Proportions for
unlighted segments

2U — Two Lane Undivided 0.424 0.576
3T — Two Lane with TWLTL 0.429 0.571
4U — Four Lane Undivided 0.517 0.483
4D — Four Lane Divided 0.364 0.636
5T — Five Lane with TWLTL 0.432 0.568

I\TKI NS Source: https://www.michigan.gov/documents/mdot/SPR-1639 539388 7.pdf
Member of the SNC -Lavalin Group
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CMF — One Way Urban Segments

Right Shoulder CMF,,, = €00201W _ -1.5 ] g0.0804 W _ = Shoulder Width

Width

On-street Parking CMF,, = (1+(0.5*Lpypar/L)* (Bpkpar-  Lpkpar = SUM of curb length with on- « Absence of parking
1.0)) * (1+(0.5*Lpkang/L)* (bpkang=  Street parallel parking for both » Multi-vehicle crashes only
1.0) sides of road combined in miles

L pkang = SUM of curb length with on-
street angle parking for both sides
of road combined in miles

by = See table 4

L = length of roadway segment
(miles).

ATKI NS Source: https://www.michigan.gov/documents/mdot/SPR-1639 539388 7.pdf
Member of the SNC-Lavalin Group
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https://www.michigan.gov/documents/mdot/SPR-1639_539388_7.pdf

CMF — One Way Urban Segments
I o e

Roadside CMF;, = See table 5 = Offset to fixed object Absence of roadside
fixed objects objects
Driveways CMF,, = e001n  -10) Ngw = Number of driveways « 10 commercial

driveways per mile

Member of the SNC-Lavalin Group ////



Table 4 — factors used for CMF for on-street
parking

Roadway Type Parallel Parking b, . Angle Parking b ..

Two Lane One-Way Street 1.112 4.364
Three Lane One-Way Street 1.359 4.364
1.359 4.364

Four Lane One-Way Street

I\TKI NS Source: https://www.michigan.gov/documents/mdot/SPR-1639 539388 7.pdf
Member of the SNC -Lavalin Group
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Table 5 — Roadside Fixed Object CMF —
Urban Segments
CMF

0 1.50
2 1.41
5 1.31
10 1.20
15 1.12
20 1.08
25 1.05
30 1.03

I\TKI NS Source: https://www.michigan.gov/documents/mdot/SPR-1639 539388 7.pdf
Member of the SNC -Lavalin Group
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Rural Segment Example
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Segment Example — US-31 Emmet County

]

Google Earth -

mage NOAL e
Data Sl0, MOAL, S, Mayy, NGA, GEBEO




Segment Example — Gather HSM Data (Step 1)

_ Length (mi) Expected FlI Expected PDO

5885

5887

5881

5882

5883

Segment TOTAL
US-31 & Resort Pike Rd
TOTAL

ATKINS
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0.20
0.28
1.00
1.00
1.00
3.48

0.50
0.95
2.02
0.75
0.99
5.21
0.85
6.06

1.80
2.21
6.12
2.88
1.16
14.17
1.56
15.73

Y



Segment Example — Rural Segment CMF’s
(Step 2)

Shoulder Width 0.91
Driveways 0.95
Horizontal Curve 1.36
Terrain (flat) 1.00
Passing Restrictions 1.65
TOTAL 1.94

Member of the SNC -Lavalin Group ///
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Segment Example — Intersection CMF’s (Step 2)

Lighting 1.00
RTOR 1.00
Median 1.00

Speed Limit (55 mph) 1.32

LT Lanes (2 0.86
approaches)
TOTAL 1.14

ATKINS ///
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Segment Example — Convert from planning to
project level

Planning Level Product of Project Level
Expected Value |CMF’s Expected value

FI Segment 5.21 1.94 10.11
PDO Segment 14.17 1.94 27.49
FI Intersection 0.85 1.14 0.97
PDO Intersection 1.56 1.14 1.78
TOTAL 21.79 40.35

ATKINS ///
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Proposed Improvements

> Add a median to US-31 (CMF =0.71)
» Add lighting to US-31 & Resort Pike Rd intersection (CMF = 0.74)

Project Level Project Level | % Change
Expected value Expected value

(existing) (proposed)

FI Segment 10.11 0.71 7.18
PDO Segment 27.49 0.71 19.52
FI Intersection 0.97 0.74 0.72
PDO Intersection 1.78 0.74 1.32
TOTAL 40.35 28.74 28.8%

eeeeeeeeeeeeeee -Lavalin Group ///
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Design Exception Example
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Map

EB [-96 to SB US-131

Satellite

2015 2016 | 2017 | 2018 2019
Severit
0 0 0 0 0 0

Fatalities

Injury

Total

1 5 5 2 3 16

Fixed
Object/Single
vehicle

Rear End

Sideswipe

Angle
Other

Total

3 7
9 27
12 34

1 8
4 6
1 1
3 3
12 34
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Design Exception Comparison

Scenario 1: Scenario 2:
Requires Design Exception Meet Standards

Assumptions

Inside shoulder width

Outside shoulder
width

Distance to face of
barrier

eeeeeeeeeeeeeee -Lavalin Group ///
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DDSA Analysis for Design Exception

Total Predicted FI Predicted PDO Predicted
Scenarlo 1: Requwes 9 86 4.99 5 57
Design Exception

Scenario 2. Meet

0.85 0.45 0.40

% Change -9.4% -11.7% -1.7%
0.36 0.10 0.08
Standard Error 0.60 0.32 0.28
15.7% 36.6% 27.5%
Statistically

No
ATKINS ////



