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Overview

CFI Description
• Relocates the left-turn movement on 

an approach upstream of the main 
intersection by directing it to the other 
side of the opposing roadway via a 
left-over.

• Reduced phases increases overall 
efficiency

• Often used to extend the life of 
existing intersections

A Partial CFI at the intersection of US Route 30 and 
Summit Drive in Frenton, MO

Signal-controlled main 
intersection
Signal-controlled 
crossover

Through Movement

Left-Turn Movement
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Overview

1) Jagannathan, R., & Bared, J. G. (2004). Design and operational performance of crossover displaced left-turn intersections. Transportation research record, 
1881(1), 1-10.

2) Reid, J. D., & Hummer, J. E. (2001). Travel time comparisons between seven unconventional arterial intersection designs. Transportation Research Record, 
1751(1), 56-66.

Objective
To investigate the safety impacts of conversion of a conventional 
signalized intersection to a CFI to determine potential use of the 
treatment in NC
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Overview

Research Questions

1) What is the anticipated overall safety impact of installing a CFI?
2) Are there any geometric features of the CFI seem to be crash 

hotspots?
3) Are there certain crash types that are more likely to increase or 

decrease in CFI?
4) Are there any changes in crash severity in the CFIs over time?
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Literature Review

Conflicts

(a) Conventional Intersection (b) Partial CFI (4 legs) (c) Full CFI

CFI Type Num of Legs Num of Crossovers on CFI
Conflict Points

Conventional CFI
Partial 3 1 9 9
Partial 4 2 32 30

Full 4 4 32 28
Comparison of Conflict Point Totals for different number of legs and crossovers
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Literature Review
Previous Studies

• Yahl et al. (2013)
• C-G method
• CMF of 1.239
• Low sample sizes, several “non-typical” geometric designs (3 of 5)

• Zlatovic (2015)
• C-G method
• CMF of 0.877
• Low sample sizes and minimal comparison sites.  Utah specific (n=8).  

Recommended updating later.  
• Abdelrahman (2020)

• C-G and C-S Methods
• CMF of 1.112 (CG)
• CMF and CS methods had conflicting results for several crash types
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Site Selection
CFIs in United States

• According to the alternative intersections and interchanges list of ITRE, there are 

45 CFIs across 13 states in the US prior to NC’s 1st CFI.

Locations of CFIs in the AIIs list of ITRE

State Num of 
Listed Sites

Total 45
MS 2
LA 2
CO 2
UT 13
MO 1
TX 5

MD 4
NY 1
OH 3
NJ 3
GA 2
MI 5
VA 2
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Site Selection
CFIs in United States

Number of CFIs
(27 Typical CFIs)

CFI Legs (48 Legs in Total)

1 2 3 4

Intersection 
Total Legs

3 8 0 0 0

4 2 16 0 1

CFIs in the AIIs list of ITRE Number of  Sites
Total 45
Typical CFI 27

- Full CFI 1
- Partial CFI 26

Non-Typical CFI 10
- Partial Unconventional CFI 5
- Partial CFI on Interchange 5

Intersection is not a CFI 8

Number of CFIs for Intersection Total Legs and CFI Legs

Number of CFIs for Different Compositions
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Site Selection
Reference Sites

1) Located in the same region (city or county) of the CFI
2) Standard 3-leg or 4-leg signalized intersections with two-way approaches
3) No major geometric changes between 'before' and 'after' periods
4) Should be at least 150ft away from any component of other 

intersections (e.g. a 150ft away from left-turn cross over points of CFI)
5) Should have available AADT data for both major and minor roads.

A Partial CFI on Interchange (I-35 & TX 80, San Marcos, TX)
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Data Collection

• 27 “Typical” CFIs considered
• Only 19 possible based on 

states willingness to provide 
data

• 3 eliminated
Ø Late removal due to 

unusual design (T5)
Ø Lack of AADT Data (T6)
Ø No available crash data 

available prior to 
2006/database change 
(T17)

• 16 total “typical” CFI sites 
studied

Site Code City State Name Num of Leg Area Type 

T1 Durango CO US 550 & US 160 3-leg Rural 

T2 Loveland CO US 34 & Madison Ave 4-leg Urban 

T3 Dawsonville GA US-19 & Hwy 53 4-leg Rural 

T4 Snellville GA Scenic Hwy S & Main St W 4-leg Suburban 

T5 Baton Rouge LA US 61 & Sherwood Forest Blvd / 
Siegen Ln 4-leg Urban 

T6 Accokeek MD MD 210 & MD 228 3-leg Suburban 

T7 Oxford MS US 278 & Jackson Ave 3-leg Suburban 

T8 Cincinnati OH Beechmont Ave & Five Mile Rd 4-leg Suburban 

T9 Austin TX US 290 & W William Cannon Dr 4-leg Suburban 

T10 Austin TX US 290 & TX 71 3-leg Suburban 

T11 Cedar Park TX Whitestone Blvd & Ronald 
Reagan Blvd 4-leg Suburban 

T12 Taylorsville UT 5400 S & Redwood Rd 4-leg Urban 

T13 Riverton UT SR 154 & 13400 S 4-leg Suburban 

T14 Taylorsville UT SR 154 / Bennion Blvd & 6200 S 4-leg Suburban 

T15 Taylorsville UT SR 154 & 4700 S 4-leg Urban 

T16 Taylorsville UT SR 154 & 4100 S 4-leg Urban 

T17 West Valley City UT SR 154 & SR 171 4-leg Urban 

T18 West Valley City UT SR 154 & 3100 S 4-leg Urban 

T19 Salt Lake City UT Redwood Rd & Bennion Blvd 4-leg Urban 
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Data Collection
Data Collection
• 150ft back from the stop bar of the outermost signalized movement

• Most conservative method – should not overestimate any safety effects!

150ft150ft

150ft

150ft
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Methodology

• C-G and Empirical Bayes (EB) methods considered
Ø C-G best utilized when sites are not chosen for safety 

improvements
Ø RTM could still be possible (and likely) if additional 

vehicles take advantage of improved operations, therefore 
increasing exposure.

• EB method ultimately chosen
• Naïve results provided for reference
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Analysis_Categorical Data
Crash Data Categories

• Aggregate vs. Disaggregate

• Crash Categories
Ø Severity:  Fatal & Injury (KABC) 

and PDO

Ø Type:  Total, Angle, Rear End

• Disaggregate
Ø Area Type

Ø Number of Approaches

Ø Number of Crossover Lanes

Ø Intersection Skew

Ø Right Turn Treatment 
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Analysis_Aggregated
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Analysis_Area Type
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Analysis_Number of Approaches
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Analysis_Crossover Lanes
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Analysis_Intx. Skew & Right Turn
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Conclusions
• Overall

Ø Total Crashes reduced -12.1%*
Ø All crash types and severity reduced significantly

• Categorically
Ø Rural sites (-24.2%)* much safer than urban/suburban (-7.3%)*
Ø 4 approach (-11.9%*) sites safer than 3 approach (-14.0%*)
Ø 2 crossover (-18.4%)* lanes much safety than 1 crossover (+9.7%) 
Ø Parallel right turns much safer than standard right turns

• Parallel/No-Skew (-29.3%)* vs. Standard/No-Skew (+15.6%)*
Ø Skewed intersections with parallel right turns 

• Parallel/No-Skew (-29.3%)* vs. Parallel/Skew (-29.9%)*

20

* Findings were statistically significant with 95% confidence
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Future Research
• There are still several states not responsive to 

our request for data that could be included 
Ø24 possible “typical” sites (27 – 3 late removals)

• Narratives and crash diagrams would be helpful 
for looking at specific features.  Most states do 
not provide this detail.

• Cleaned data could be used for future national 
conflict-based efforts such as MBSPFs.

21
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