
11/6/2024

1

bryan

2024 Minnesota Toward Zero Deaths Conference

Safety Analysis for the 

Northbound Highway 52 at I-94 Improvement Project
Collin Schroeder, PE

Traffic Engineering Lead

SRF Consulting Group

Bryant Ficek, PE, PTOE

Project Manager

MnDOT

Agenda

• Project Background

• Existing 
Conditions

• Alternatives

• Evaluation 
Criteria

• Findings



11/6/2024

2

St. Paul

St. Paul

Pre-Construction

(up to 2010)

4-Lane 

Mississippi 

River 

Crossing

Northbound Hwy 

52 terminates 

at signal

• Major 

congestion

• Crash issues
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St. Paul

6-Lane 

Mississippi 

River 

Crossing

Changed Context

• CHS Field

• LRT Maintenance 
Facility

• Disconnected local 
roadways

Dedicated 

ramp for 

freeway-to-

freeway 

movements

Rerouted 

connection to 

East 7th 

Street

Post-Construction

(since 2015)

Project Overview 

& Background

Analysis Segments:

• Northbound TH 52

• Westbound I-94

• Northbound I-35E
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Project Overview & Background

• Historically elevated crash rate

• Significant congestion

• Concepts to improve safety & mobility
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Afternoon Peak
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Total Number of Crashes on TH 52 NB from 

Plato to I-94

Existing 

Crash 

Analysis

• Nearly all 
segments exceeded 

the Critical Crash 

Rate

• Six segments 
exceeded the Fatal 

+ Serious Injury 

(KA) Critical 

Crash Rate

• Two on WB I-94

• One on NB I-35E 
(Commons)

Segments Crash Rate Range Exceeds Critical

Highway No. Total K + A Total K + A

WB I-94 16
0.89 –

3.52

0.0 –

5.2
16 2

NB I-

35E
11

0.57 –

4.58

0.0 –

2.9
11 1

NB TH 

52
7

0.32 –

13.35

0.0 –

13.7
6 3
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Existing Crash Analysis

Rear-End Crashes

Study Area:

26% Injury

0.3% Fatal and Serious 

Injury

NB TH 52 (Plato to I-
94):

35% Injury

1.2% Fatal and Serious 

Injury

64% 64%

84%

12% 8%

7%
17%

18%

6%
8% 11%
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Manner of Collision Distribution

Rear-End Sideswipe (Same Direction)

Collision Type

NB TH 52

• 84% Rear-End Collisions

• 93% Injury Crashes are Rear-End 

Collisions

Existing Crash Analysis

External Conditions

NB TH 52: Plato to I-94

• 95% Clear or Cloudy weather conditions

• 90% Occur under Daylight conditions

• 24% Cite “Congestion Backup” road circumstance

Surface Condition Study Area NB TH 52

Dry 73.5% 86.9%

Wet 12.8% 10.5%

Ice/Frost, Snow, Slush 13.4% 2.6%

Other/Unknown 0.3% 0.0%
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Existing Crash 

Analysis

Time of Day

• Large proportion of 
crashes occur between 

12 p.m. – 6 p.m.

• NB TH 52: Few crashes 
occurring from 9 p.m. –

6 a.m.

• Crashes tied to 
congestion?
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Study Area NB TH 52

Existing Operations

Recurring congestion

May 2018

May 2019
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Existing Operations

• Lane Utilization
• 50-55% to WB I-94/NB I-35E

Existing Operations

• Ramp Curvature

• Heavy Vehicles

• Vertical Grade
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Alternatives

Level I Evaluation:
Needs and Fatal 

Flaws

33 build 
alternatives + no 
build alternative 

screened

Level II Evaluation:
Needs and Additional 

Considerations

18 build 
alternatives + no 
build alternative 

evaluated

Level III Evaluation:
Detailed Performance 

Criteria

4 build 
alternatives + no 
build alternative 

evaluated

Alternatives

Level

3
Evaluates performance 
against detailed criteria

Level

2
Evaluates against needs 

and additional 
considerations

Level

1
Evaluates against needs 

and fatal flaws

I I

I

I

I

I

I

V



11/6/2024

9

Evaluatio

n 

Criteria

Vehicle Safety

• Reduces Risk of Fatal + Injury Crashes

• Reduces Risk of Total Crashes

• Number of Weaving Maneuvers

• Speed Shear & Speed Gradient

Vehicle Mobility

• Corridor Measures of Effectiveness 

(MOEs)

• Level-of-Service

• Travel Times

• System Vehicle Hours Traveled (VHT)

Evaluation Criteria

Vehicle Mobility

Performance Measure Methodology

Corridor Measures of 

Effectiveness VISSIM Model Output

System Travel Time
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Evaluation Criteria

Vehicle Safety

• Crash Modification Factors 
(CMFs)

• Crash Rates

• Highway Safety Manual (HSM)
• Predicted Crashes/Safety 

Performance Functions

• Conflict Points

• Interactive Highway Safety 
Design Model (IHSDM)

• Microsimulation Output

Evaluation Criteria

Vehicle Safety

• Microsimulation Output
• Speed Gradient

• Speed Shear

• Surrogate Safety Assessment Model (SSAM)

Performance Measure Methodology

Reduces Risk of Fatal and 

Injury Crashes Surrogate Safety Assessment 

Model (SSAM)
Reduces Risk of All Crashes

Number of Weaving Maneuvers
O-D Volumes & VISSIM Model 

Output

Speed Shear and Speed 

Gradient
VISSIM Model Output



11/6/2024

11

Surrogate 

Safety 

Assessment 

Model (SSAM)

• Use alongside traffic 

microsimulation

• Vehicle trajectories to 

evaluate potential conflicts

• Conflict Types:

• Rear-End

• Lane Change

• Crossing

• Conflict Severity

• Time To Collision (TTC)

• Post-Encroachment Time (PET)

• Max speed differential 

(MaxDeltaV)

• Probability of Unsuccessful 

Evasive Action (P(UEA))

Surrogate Safety Assessment Model (SSAM) | FHWA (dot.gov)

SSAM – Step 1

Convert to crashes per 

year

• Probability of 
Unsuccessful Evasive 

Action (P(UEA))

• Coefficients 
determined based on 

calibrating to 

existing data

Lane Change

Rear-End

https://highways.dot.gov/safety/data-analysis-tools/rsdp/rsdp-tools/surrogate-safety-assessment-model-ssam
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SSAM – Step 2

Estimate Maximum Abbreviated Injury Scale (MAIS)

• National Highway Traffic Safety Administration (NHTSA) 
Research

• MAIS 0 – No Injury

• MAIS 5 – Critical Injury

• Maximum Speed Differential, D

MAIS(05/08) Injury Probabiliy Curves as Functions of Delta V (dot.gov)

SSAM – Step 3

MAIS to KABCO

• National Highway Traffic Safety Administration 
(NHTSA) Research

KABCO-to-MAIS Translators - 2022 Update (dot.gov)

K A B C O

MAIS 0 0.00 0.01 0.08 0.30 0.88

MAIS 1 0.00 0.05 0.40 0.40 0.11

MAIS 2 0.00 0.17 0.27 0.15 0.01

MAIS 3 0.00 0.23 0.14 0.09 0.00

MAIS 4 0.00 0.25 0.10 0.05 0.00

MAIS 5 0.00 0.28 0.01 0.02 0.00

Fatal 1.00 0.00 0.00 0.00 0.00

https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813219
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813420
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SSAM – Step 4

Estimate crash severity 

per year

• KABCO distribution for 
each conflict

• Measure sum of all 
conflicts to determine 

the overall KABCO 

distribution

• Apply distribution to 
the crashes per year 

identified in Step 1

෍𝑃𝑟𝑜𝑏(𝐾)

෍𝑃𝑟𝑜𝑏(𝐴)

෍𝑃𝑟𝑜𝑏(𝐵)

෍𝑃𝑟𝑜𝑏(𝐶)

෍𝑃𝑟𝑜𝑏(𝑂)

𝐶𝑟𝑎𝑠ℎ𝑒𝑠

𝑌𝑒𝑎𝑟

Findings – Vehicle Safety

Crash Risk

• Predicted Crashes/Year – Future Year 2045

• NB TH 52: Entire segment

• WB I-94: From Mounds Blvd to NB I-35E

Severity No Build
Alternativ

e I

Alternativ

e II

Alternativ

e III

Alternativ

e IV

Fatal (K) 0.80 1.08 0.54 0.64 0.53

Serious Injury (A) 2.05 1.51 1.18 1.41 1.25

Minor Injury (B) 22.59 16.43 12.92 15.55 13.75

Possible Injury (C) 111.26 75.33 62.71 75.60 67.18

Non-Injury/Injury 

Unknown (O)
385.26 248.57 215.10 259.58 231.48

I II

IVIII
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Findings – Vehicle Safety

• Risk of Fatal + Injury Crashes

• Risk of Total Crashes

I II

IVIII

No Build
Alternativ

e I

Alternativ

e II

Alternativ

e III

Alternativ

e IV

Fatal + 

Injury 

Crashes

136.7 94.4 77.4 93.2 82.7

- - 31.0% - 43.4% - 31.8% - 39.5%

Total 

Crashes

522.0 342.9 292.5 352.8 314.2

- - 34.3% - 44.0% - 32.4% - 39.8%

• Metrics are represented as crashes/year for year 2045

• Metrics are represented as % change from the No Build Alternative

Findings – Vehicle Safety

Number of Weaving Maneuvers

• Focused on WB I-94 weaving section 
influence area

• NB TH 52 Entrance to NB I-35E Exit

• Recorded Lane Changes from VISSIM
• Ramp to Freeway

• Freeway to Ramp

No Build

I & II

III

IV

Total Lane 

Changes

Alternativ

e I

Alternativ

e II

Alternativ

e III

Alternativ

e IV

Percent Change 

from No Build
- 17.7% - 18.7% - 52.6% - 55.0%
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Findings – Vehicle Safety

Speed Shear & Speed Gradient

• Lane-by-lane speeds 
recorded every 500’

• NB TH 52: Entire segment

• WB I-94: From Mounds Blvd to 
NB I-35E

• Measure the sum of all 
maximum speed gradients & 

shears

Findings – Vehicle Safety

Speed Shear 

& Speed 

Gradient

• NB TH 52

No Build Alternati

ve I

Alternati

ve II

Alternati

ve III

Alternati

ve IV

No Build
Alternative 

I

Alternative 

II

Alternative 

III

Alternative 

IV

Sum of Max 

Speed Shears 

(mph)

500 341 401 340 349

- - 32% - 20% - 32% - 30%

Sum of Max 

Speed 

Gradients 

(mph)

159 115 125 116 117

- - 28% - 22% - 27% - 26%• Metrics are the AM and PM Peak Hours combined
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Future Opportunities

• Application of SSAM
• Complex transportation 
networks

• Crashes related to 
congestion

• More research:
• Calibration

• Vehicle headings

• Vehicle types

Questions?

Bryant Ficek, PE, PTOE

Bryant.Ficek@state.mn.us

Collin Schroeder, PE

cschroeder@srfconsulting.com

mailto:Bryant.Ficek@state.mn.us
mailto:cschroeder@srfconsulting.com

