
Diverging Diamond 

Interchange in Minnesota 

When driving on the left side makes sense… 

MN APWA Conference *  Nov. 15, 2012 *  Earle Brown Center 

By  

Darwin L. Yasis, P.E. 

MnDOT State Geometrics Engineer 



• Overview 

• Advantages / Disadvantages 

• Design Considerations 

• Safety 

• Traffic Operations 

• Cost 

 

Outline 



• The current transportation infrastructure 
system in Minnesota is at a point where 
increasing demand on the system is 
outpacing its current capacity. 

 

• Transportation demand continues to 
escalate while State DOT’s budgets begin 
to dwindle. 

 

Problem Scenario 



Problem Scenario 

Innovative 

solutions to 

bridge the gap 

In 2010, Twin Cities 

was ranked 10th most 

congested city in the 

nation... 
2011 Urban Mobility Report 

The sizes of bridges 

today are an average 

six times the size of its 

predecessor… 
Federal Bridge Inventory Report 



Overview 

Age Profile and Investment Strategy of State Highway Bridges 

 



Types of Interchanges 

Diamond 

Directional Roundabout Interchange  Folded Diamond 

SPUI Cloverleaf 

http://upload.wikimedia.org/wikipedia/commons/c/c9/Petruk-interchange-visual.jpg


A diverging diamond interchange (DDI), sometimes referred to as a 

double crossover diamond (DCD), is a diamond interchange that more 

efficiently facilitates heavy left-turn movements. 

What is a Diverging Diamond Interchange? 



• 2000 – Thesis / Symposium (2003) 
• DDI in Versailles, France 

• 2005 – FHWA conducted study 

  Candidate projects 

• I-75 & US 224 in Findlay, Ohio 

• I-435 / Front St in Kansas, Missouri 

• 2009 – first DDI in the U.S. 
• I-44 & SR 13 in Springfield, Missouri 

DDI Background / History 

A13 & Rd 182 

Versailles, France 



• Reduced conflict points 

• Higher capacity 

• Traffic calming effect 

• Signal operation improvement 

• Reduced project cost 

• Easy U-turn capability 

 

Advantages 



• Constrained through movement 

• Potentially confusing 

• Off-ramp traffic cannot cross 

• Ramps may require signalization 

• Nearby signals complication 

• Public acceptance / new idea 

Disadvantages 



DDI Simulation 

Simulation courtesy of Missouri DOT 



• Design Speed 

• Horizontal Cross Over Geometrics 

• Intersection sight distance 

• 2-Phase Signal / Signal spacing 

• Signing / Striping 

• Bike / Pedestrian Accommodation 

• R-O-W / Access control 

Design Elements 



Design Elements 

Crossing Angle 

Horizontal Curve 

Pedestrian Walkway 

Lane Width 

Striping/Signing 

Shoulder 

2-Phase Signal 



Design Elements 



DDI Performance Evaluation 

Design Considerations 
Safety 

Operations 

Cost 



Points of Conflict 

Diamond SPUI DDI 



Points of Conflict Comparison 

Diamond SPUI DDI 

Type Diamond SPUI DDI 

Diverging 10 8 8 

Merging 10 8 8 

Crossing 10 8 2 

Total 30 24 18 

In general, reducing conflict points eliminates 

potential for crashes therefore safer. 



Human Factor Driver’s Evaluation 

Greatest concern:  

wrong-way 

movement 



Human Factor Driver’s Evaluation 

• FHWA Human Centered Systems team 

• Driver simulation of DDI at I-435 & Front St 

• Three interchange types: DDI, DDI (mod), 

and Diamond 

• 74 licensed drivers (balanced gender and 

age representation) 



Human Factor Driver’s Evaluation 

• Wrong-way violations 

 NO wrong-way violations (1,041 opportunities) 

• Navigation errors 

 Incorrect path - very low at only 2.3% of total 

opportunities 

• Red-light violations 

 Compliance rate about the same 

• Speed at crossover 

 DDI - ave. speed at 24 mph 

 Diamond - ave. speed at 34 mph 

Measures of Effectiveness 



Operational Comparison 

Interchange Volume  Scenarios 

A – Heavy eastbound to northbound 

B – Heavy westbound to southbound 

C – Heavy through movements on crossroad 

D – Heavy exchange movements 

(Siromaskul, MnDOT presentation) 



Operational Comparison 
Signal Phasing 

Improved operational benefit of 2-phase signal 

operation due to elimination of left turn phase  



Scenario DDI 

(sec/veh) 

SPUI 

(sec/veh) 

Dia. 

(sec/veh) 

A 25.2 23.3 27.5 

B 24.8 53.0 26.2 

C 25.6 49.6 16.7 

D 21.5 47.2 29.1 

Operational Comparison 

Delay Comparison of  

Tight Interchange Concepts 

(Siromaskul, MnDOT presentation) 



Operational Comparison 

Scenario DDI SPUI Dia. 

A 5 8 8 

B 5 8 7 

C 5 8 6 

D 5 8 8 

Lanes Required on Bridge 

For Tight Interchange Concepts 

(Siromaskul, MnDOT presentation) 



Operational Comparison 

In general, DDI  

 

• Increases overall capacity by 15% to 25% 

• Increases throughput by 10% to 15% 

• Reduces intersection delay by 15% to 60% 
 
(Bared, Edara, & Jagannathan, 2005) 



Interchange Location DDI Cost  (real 

or estimated) 

Alternative 

Design Cost 

Cost Savings 

I-44 / Route 13 Springfield, 

Missouri 

$3.2 Million Over $10 Million About 70% 

I-435 / Front St Kansas City, 

Missouri 

$6.7 Million Diamond $11.4 

Million 

 

SPUI $25 Million 

About 75% 

SR-265 / SR-62 Utica, Indiana $52 Million $118 Million $66 Million 

I-590 / Winton Rd Brighton, New 

York 

$3-4 Million SPUI $10 Million 

 

Triple Left 

Diamond 

$13.6 Million 

About $75% 

Cost Comparison 



Cost Comparison 

In general, a DDI is 40% less than a standard diamond 

and 70% less than a SPUI. 

Bridge Footprint 

Roadway 

Footprint 
Roadway 

Footprint 



But DDI is not the solution  

for every situation… 

Design Considerations 
Safety 

Operations 

Cost 



• Traffic modeling and simulation 

• Drive-through simulation, video, 
project testimonies 

• Project website 

• One-pager brochure 

• Pictures / driving guide 

• Other social media 

• Facebook 

• Twitter 

Public Involvement 



DDI Drive-through simulation 

Simulation courtesy of Missouri DOT 



Diverging Diamonds in the U.S. 
(1)  I-44 @ MO-13 Kansas 

Expressway - Springfield, 

Missouri (June 21, 2009) 

(2)  US 60 @ National Avenue - 

Springfield, Missouri (July 2010) 

(3)  I-15 @ American Fork 

Main Street - American Fork, 

Utah (Aug 23, 2010) 

(4)  I-270 & Dorsett Road - 

Maryland Heights, Missouri 

(Oct 17, 2010) 

(5) US 129 Bypass @ 

Middlesettlements Road - Alcoa, 

Tennessee (Dec 12, 2010) 

LEGEND 

   - Constructed 

   - Planned / In 

     construction 



Questions 

Darwin Yasis 

Darwin.yasis@state.mn.us 



 

• TH15 & CSAH 120 in Sartell 

near St. Cloud 

 

• TH52 Elk Run Development in 

Pine Island 

Proposed Diverging Diamonds in Minnesota 



TH15 & CSAH 120 in Sartell near St. Cloud 

PROJECT BACKGROUND 

Safety 

 64 crashes in the past 5 

years 

 Traffic 

 ADT on Hwy 15 is 32,000; 

projected to 50,000 by 2033 

 Partnerships 

 MnDOT, Stearns County, 

and the cities of Sartell and 

St. Cloud 

Cost 

 $17.5 million 

 

 

 



TH15 & CSAH 120 in Sartell near St. Cloud 

FINDINGS 
• High volume of left turns required an 

8 lane bridge in a standard diamond 

interchange and would have been 

past capacity in 20 years.  

 

•  SPUI had a better LOS than the 

standard diamond but was cost 

prohibitive and it couldn’t have been 

expanded in the future.  

 

•  The DDI handled the left turners with 

a four-lane bridge and the LOS 

showed excess capacity in 20 years. 



TH15 & CSAH 120 in Sartell near St. Cloud 



TH52 Elk Run Development 

Pre-Development 



TH52 Elk Run Development 

PROJECT BACKGROUND 

Development 

 2,325-acre master planned 

development 

 200-acre Biobusiness Park 

 Job creation 

Schedule 

 Anticipated completion Fall 2012 

Cost 

 $34.3 million 



TH52 Elk Run Development 

FINDINGS 

• Mn/DOT proposed diamond interchange  

layout reaches maximum capacity at 40% 

build-out. 

• Proposed DDI layout reaches maximum 

capacity at 79% of build-out. 

• DDI Concept was ultimately selected by  

Mn/DOT. 

 



TH52 Elk Run Development 



Let’s Test Drive 

DDI Actual Driver’s 

Perspective 

http://www.youtube.com/watch?v=90MH_yyyW4E&feature=related
http://www.youtube.com/watch?v=90MH_yyyW4E&feature=related
http://ccheadliner.com/news/diverging-diamond-likely-for-cc-interchange/article_e83a0cec-33a1-11e0-8ebb-001cc4c03286.html?mode=image&photo=0

