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Jaques Mativat concept, 1988
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1.2 Extrados Bridges. Conceptual

Conventional box

Cable Stayed

External Postensioning

Extrados
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Main dimensions of Continuous box, extrados and cable stayed bridges (Source IABSE SED 17)
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Cable stress range vs maximum stress in cables (Source IABSE SED 17)

Extrados bridges. General

Cable stress range vs maximum stress in cables (Source PTI DC45.1-12)

MUTS= 1860 mPa = 270 ksi

.026 MUTS                                   0.07 MUTS
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Design and Construction of Concrete Segmental Extradosed Bridges

Summary

• Cable system technology of cable stayed bridges

• Hybrid behaviour (box stiffness vs cable system)

• Shallower cable than in cable stayed bridges

• Cable less efficient => Deeper deck or tapered at supports. 

Lower range of cable stresses => Higher Stress limit allowed (?)

• Higher deck compressions close to supports => High strength concrete

• Shorter tower => Saddles vs anchor box

• A stiffer deck allows for multispan bridges with multiple towers
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Aesthetics. Geometry constraints. Multispan. Cost compromise
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Case Studies 

Case Studies

RFK River Barrow Tawatinâ
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Case Study 1 
Rose Fitzgerald Kennedy bridge over the river Barrow 

General
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Case Study 
Rose Fitzgerald Kennedy bridge over the river Barrow 

General

Introduction. Project History. Constraints and Value Engineering



RFK over the River Barrow. Location
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John Fitzgerald Kennedy Homestead
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1000 ft
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Architectural concept (planning stage)
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Case Study: RFK over the River Barrow
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Constraints (planning stage)

(755 ft)(2950 ft)

(72 ft) (82 ft)

(118 ft)

(49 ft)
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Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

Specimen design. Pre D&C Tender



RFK over the River Barrow. Value Engineering

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

• Change cross section 

• central webs @ 8m spacing

• precast slabs/props to reduce the cantilever

• Minimize bridge width:

• Pilon width 1.6m

• Single cable max 127 strands

• Minimum cable spacing 6.5m

• Optimize elevation layout

• Tower height 27 and 17m

• Depth 6.5 and 8.0m at towers.

• Depth 3.5m for the rest of the  bridge

Slenderness: L/65 at midspan, L/28 at central tower and L/35 at side towers

Value Engineering

Specimen design

Final Solution

(21 ft)

(5.2 ft)

(88 & 55 ft)

(26 & 21 ft)



RFK over the River Barrow. Value Engineering

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

Saddles are critical for minimizing tower size 

(both width and depth)
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Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

• Total length 887m 
• 9 spans (36 m + 45m + 95m + 230m + 230m + 95m +70m + 50m + 36m)

(main spans very slender L/65 at midspan and L/35 & L/28 at towers)

• West and East approach spans 70 to 36m
• Main supported by parallel inclined cables, single vertical central plane

• Full concrete deck with a closed cross section
• Tower height and main supports (P3-P4-P5) fixed by planning
• Single central plane of cables 

(766 ft)

(3000 ft)

(766 ft)

(311ft + 755 ft + 755 ft +311 ft )
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Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

M6 Ostroda Motorway. Poland. 2018. Full concrete deck. Main span 206m

Kiso Gawa. Japan. 2001. Steel composite (midspan) deck. Main span 275m
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Case Study 
Rose Fitzgerald Kennedy bridge over the river Barrow 

General

Detailed Design   



RFK over the River Barrow. Detailed design. Global behaviour
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Case Study: RFK over the River Barrow
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Cable stayed: 200 N/mm2

Extrados: 50-80N/mm2

MUTS= 270 ksi

0.026 =-.043 MUTS

.10 MUTS
.026 MUTS / 18 ksi

0.07 MUTS / 7.3 ksi
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Cable stayed: 200 N/mm2
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RFK over the River Barrow. Detailed design. Global behaviour

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

Concrete stresses top flange. Permanent Loads. ( 40 Mpa = 6 Ksi)



RFK over the River Barrow. Detailed design. Global behaviour

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

C50 => 5 ksi

C60 => 9 ksi

C80 => 11 ksi



RFK over the River Barrow. Detailed design. Global behaviour

Case Study: RFK over the River Barrow
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RFK over the River Barrow. Detailed Design. Transversal PT

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

A

A

Section A-A

(21 ft)

(10 ft)

Plan View
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Case Study 
Rose Fitzgerald Kennedy bridge over the river Barrow 

General

Construction



RFK over the River Barrow. Construction

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

Superstructure construction:

• Approach spans, including extrados side spans: Scaffold and wing traveller

• Main spans. Full section form Traveller (4 fronts)

Temporary Props Push-Pull Prop (prestressed)



RFK over the River Barrow. Construction

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

Approach Spans Construction



RFK over the River Barrow. Construction

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

Approach Spans Construction



RFK over the River Barrow. Construction

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

Approach Spans Construction



RFK over the River Barrow. Construction

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges



RFK over the River Barrow. Geometry Control

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

Modelling

A. Two independent models

B. If possible, slightly different assumptions

C. Sensitivity checks

D. Update model properties with real information

Geometry control uncertainties

1. Form Traveller settlement / deflection

2. Segment Weights (concrete density)

3. Concrete Young modulus (time dependant)

4. Creep and Shrinkage curves

5. Construction loads map

6. Real segment Cycle
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Case Study: RFK over the River Barrow
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Geometry Control
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Geometry Control
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RFK over the River Barrow. Geometry Control
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RFK over the River Barrow. Geometry Control

Case Study: RFK over the River Barrow

Design and Construction of Concrete Segmental Extradosed Bridges

36h9d18d

Deflections due to cable stressing (upwards). Cable 12



RFK over the River Barrow. Geometry Control

Case Study: RFK over the River Barrow
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RFK over the River Barrow. Detailed design. Global behaviour

Case Study: RFK over the River Barrow
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RFK over the River Barrow. Detailed design. Global behaviour

Case Study: RFK over the River Barrow
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Case Study 
Rose Fitzgerald Kennedy bridge over the river Barrow 

Structural Health Monitoring



RFK over the River Barrow. Structural Health Monitoring

Case Study: RFK over the River Barrow
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RFK over the River Barrow. Structural Health Monitoring
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Case Study 2
Tawatinâ Bridge over the North Saskatchewan River
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Case Study 2
Tawatinâ Bridge over the North Saskatchewan River

Introduction. Project History. Constraints and Value Engineering
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Original Design



Original Design



Value Engineering ATC



Span Length –
110m or 220m?
(360’ or 720’)

110m

(360’)
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Case Study 2
Tawatinâ Bridge over the North Saskatchewan River

Detailed Design
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Salesforce Transit Center Bus Ramp Bridge





Cable ID # Strands

Unfactored 

Live + Wind 

Stress / 

MUTS Ø

1 (Shortest) 0.049 0.70

2 0.046 0.71

3 0.040 0.72

4 0.033 0.73

5 0.024 0.75

6 0.020 0.75

7 (Longest) 0.021 0.75

39 (Size 43 

anchorage)





Aero-coefficients

Drag = 0.346

Lift = 0.616









T = 6 seconds



T = 2.3 seconds
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Case Study 2
Tawatinâ Bridge over the North Saskatchewan River

Construction
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Conclusion

• Extradosed bridges are an intermediary between girder and cable stayed bridges

• Useful in the span range between 300’ to 800’ (between girder and cable stayed)

• Generally more expensive than girder bridges but can competitive for some projects

• Cables have a smaller live load stress range allowing for higher phi factor

• Definition of cross section and position of cables in the deck should be chosen carefully

• Shorter, smaller and simpler pylons can be built using saddles

• Extradosed bridges are typically longer span bridges that require particular attention to 
wind effects and geometry control during construction
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Thank you very much

Any Questions?
Marcos.Sanchez@arup.com Luke.Tarasuik@arup.com

Ill be at ASBI 2021 in Tucson


