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Abstract

As a new type of bridge structure, prestressed concrete U-shape girders are
extensively applied in urban elevated roads, railways and highways in China. However,
there are problems remained for the structure of U-shape girders including large shear
lag effect, poor torsional and integrity performance, which result in the emergence of
various cracks on prefabricated bridge decks. Taking the strengthening of Hujia
highway in Shanghai as a construction example, a strengthening method of U-shape
girders by UHPC (ultra high performance concrete) is proposed in this paper. The UHPC
layer was poured under the prefabricated bridge deck for repairing cracks and it has
proved to improve the carrying capacity of the U-shape girders. In order to
demonstrate the feasibility of UHPC layer strengthening method, a local plate finite
element model is built to analyze the local effect. The UHPC plate bending experiment
and in-field loading test are carried out to prove that the carrying capacity and
strengthening effect of UHPC layer are remarkable.

Keywords: U-shape girder; UHPC; finite element analysis; bending capacity
experiment; in-field loading test

https://doi.org/10.2749/vancouver.2017.3136

DisBacktey Bd Bleof-@ontents 3136


mailto:lctj@tongji.edu.cn

	Plenary
	Plenary Sessions

	Thursday
	Thursday
	Bearings and Expansion Joints
	Structural Concrete - Experiments
	Design of structures for Earthquakes 1
	Structural Health Monitoring
	Structural Steel - Research and Design
	Cable Stayed Bridges I - Design and Rehabilitation
	Quality Control For The Efficient Management Of Existing Bridges
	POSTER SESSION 1
	Bridges Case studies 1
	Structural Concrete - Design
	Structural Steel - Practical Issues and Case Studies
	Design of structures for Earthquakes 2
	Historic Structures 1
	Cable Stayed Bridges II - Analysis and Optimization
	Modern Wind Turbines - Challenges And New Design Technologies For Wind Turbine Structures
	Advancing the Design, Engineering, Analysis and Operations of Bridges
	Corrosion
	Structural Concrete - Repair
	Suspension Bridges
	Modern Construction Methods
	Historic Structures 2
	Slabs as Structural Members
	Impact of Climate Change
	Strengthening Of Old Steel Bridges


	Friday
	Friday
	1 - Safety of Marine and Railway Infrastructure
	2 - Structural Behaviour under Seismic Conditions 1
	3 - Structual Analysis 1
	4 - Architectural and Structural Considerations in Design
	5 - Bridges- case studies 2
	6 - Fibre optic Sensing
	7 - Challenges With A Deteriorating Major Structure – The Existing Champlain Bridge
	8 - POSTER SESSION 2
	9 - Shear in Concrete Members
	10 - Structural Behaviour under Seismic Conditions 2
	11 - FRP Structural Members
	12 - Structural Analysis 2
	13 - Structural Timber -1
	14 - Bridges and  Vibrations
	15 - Fatigue - Cables, Orthotropic Deck, and Long Span Bridges
	16 - The New Bridge Over The Saint Lawrence River In Montreal, Canada
	17 - Reinforced and Prestressed Concrete
	18 - Innovative Structural Concepts-  1
	19 - Seismic Protection of Structures
	20 - Pedestrian Bridges
	21 - Structural Timber - 2
	22 - Structural Glass
	23 - Sustainable Structures In Practice
	24 - Adding Value Through Innovation In Structural Design


	Saturday
	Saturday
	1 - Durability
	2 - Structural Strenthening and Retrofit case studies
	3 - Fatigue and Fracture - Design and Assessment
	4 - Innovative Structural Concepts- 2
	5 - Novelty in Construction
	6 - Fibre Reinforced Concrete and  Polymer composites  in Structures
	7 - Bridges- Case studies 3
	8 - Challenges with Building Long Suspension Bridges
	9 - Bridges - behaviour and design
	10 - Innovative Structural Concepts -  3
	11 - Analysis and Optimization
	12 - Building Vibrations and Damper Design
	13 - Floating Suspension Bridges
	14 - Concrete Materials and Effects on Structural Performance
	15 - Application of Ultra High Performance Concrete
	The new method strengthen U-shape girders by UHPC thin layer

	16 - Opportunities And Innovations In The Performance Based Seismic Design And Retrofit Of Bridges
	17 - Innovative Structural Concepts -  4
	18 - Structural Monitoring and Assessment
	19 - Bridges - innovative solutions
	20 - Fire response of structures
	21 - Risk and Safety
	22 - Arch Structures
	23 - Soil Structure Interaction


	Plenary
	Plenary Sessions

	Thursday
	Thursday
	Bearings and Expansion Joints
	Structural Concrete - Experiments
	Design of structures for Earthquakes 1
	Structural Health Monitoring
	Structural Steel - Research and Design
	Cable Stayed Bridges I - Design and Rehabilitation
	Quality Control For The Efficient Management Of Existing Bridges
	POSTER SESSION 1
	Bridges Case studies 1
	Structural Concrete - Design
	Structural Steel - Practical Issues and Case Studies
	Design of structures for Earthquakes 2
	Historic Structures 1
	Cable Stayed Bridges II - Analysis and Optimization
	Modern Wind Turbines - Challenges And New Design Technologies For Wind Turbine Structures
	Advancing the Design, Engineering, Analysis and Operations of Bridges
	Corrosion
	Structural Concrete - Repair
	Suspension Bridges
	Modern Construction Methods
	Historic Structures 2
	Slabs as Structural Members
	Impact of Climate Change
	Strengthening Of Old Steel Bridges


	Friday
	Friday
	1 - Safety of Marine and Railway Infrastructure
	2 - Structural Behaviour under Seismic Conditions 1
	3 - Structual Analysis 1
	4 - Architectural and Structural Considerations in Design
	5 - Bridges- case studies 2
	6 - Fibre optic Sensing
	7 - Challenges With A Deteriorating Major Structure – The Existing Champlain Bridge
	8 - POSTER SESSION 2
	9 - Shear in Concrete Members
	10 - Structural Behaviour under Seismic Conditions 2
	11 - FRP Structural Members
	12 - Structural Analysis 2
	13 - Structural Timber -1
	14 - Bridges and  Vibrations
	15 - Fatigue - Cables, Orthotropic Deck, and Long Span Bridges
	16 - The New Bridge Over The Saint Lawrence River In Montreal, Canada
	17 - Reinforced and Prestressed Concrete
	18 - Innovative Structural Concepts-  1
	19 - Seismic Protection of Structures
	20 - Pedestrian Bridges
	21 - Structural Timber - 2
	22 - Structural Glass
	23 - Sustainable Structures In Practice
	24 - Adding Value Through Innovation In Structural Design


	Saturday
	Saturday
	1 - Durability
	2 - Structural Strenthening and Retrofit case studies
	3 - Fatigue and Fracture - Design and Assessment
	4 - Innovative Structural Concepts- 2
	5 - Novelty in Construction
	6 - Fibre Reinforced Concrete and  Polymer composites  in Structures
	7 - Bridges- Case studies 3
	8 - Challenges with Building Long Suspension Bridges
	9 - Bridges - behaviour and design
	10 - Innovative Structural Concepts -  3
	11 - Analysis and Optimization
	12 - Building Vibrations and Damper Design
	13 - Floating Suspension Bridges
	14 - Concrete Materials and Effects on Structural Performance
	15 - Application of Ultra High Performance Concrete
	16 - Opportunities And Innovations In The Performance Based Seismic Design And Retrofit Of Bridges
	17 - Innovative Structural Concepts -  4
	18 - Structural Monitoring and Assessment
	19 - Bridges - innovative solutions
	20 - Fire response of structures
	21 - Risk and Safety
	22 - Arch Structures
	23 - Soil Structure Interaction


	Plenary
	Plenary Sessions

	Thursday
	Thursday
	Bearings and Expansion Joints
	Structural Concrete - Experiments
	Design of structures for Earthquakes 1
	Structural Health Monitoring
	Structural Steel - Research and Design
	Cable Stayed Bridges I - Design and Rehabilitation
	Quality Control For The Efficient Management Of Existing Bridges
	POSTER SESSION 1
	Bridges Case studies 1
	Structural Concrete - Design
	Structural Steel - Practical Issues and Case Studies
	Design of structures for Earthquakes 2
	Historic Structures 1
	Cable Stayed Bridges II - Analysis and Optimization
	Modern Wind Turbines - Challenges And New Design Technologies For Wind Turbine Structures
	Advancing the Design, Engineering, Analysis and Operations of Bridges
	Corrosion
	Structural Concrete - Repair
	Suspension Bridges
	Modern Construction Methods
	Historic Structures 2
	Slabs as Structural Members
	Impact of Climate Change
	Strengthening Of Old Steel Bridges


	Friday
	Friday
	1 - Safety of Marine and Railway Infrastructure
	2 - Structural Behaviour under Seismic Conditions 1
	3 - Structual Analysis 1
	4 - Architectural and Structural Considerations in Design
	5 - Bridges- case studies 2
	6 - Fibre optic Sensing
	7 - Challenges With A Deteriorating Major Structure – The Existing Champlain Bridge
	8 - POSTER SESSION 2
	9 - Shear in Concrete Members
	10 - Structural Behaviour under Seismic Conditions 2
	11 - FRP Structural Members
	12 - Structural Analysis 2
	13 - Structural Timber -1
	14 - Bridges and  Vibrations
	15 - Fatigue - Cables, Orthotropic Deck, and Long Span Bridges
	16 - The New Bridge Over The Saint Lawrence River In Montreal, Canada
	17 - Reinforced and Prestressed Concrete
	18 - Innovative Structural Concepts-  1
	19 - Seismic Protection of Structures
	20 - Pedestrian Bridges
	21 - Structural Timber - 2
	22 - Structural Glass
	23 - Sustainable Structures In Practice
	24 - Adding Value Through Innovation In Structural Design


	Saturday
	Saturday
	1 - Durability
	2 - Structural Strenthening and Retrofit case studies
	3 - Fatigue and Fracture - Design and Assessment
	4 - Innovative Structural Concepts- 2
	5 - Novelty in Construction
	6 - Fibre Reinforced Concrete and  Polymer composites  in Structures
	7 - Bridges- Case studies 3
	8 - Challenges with Building Long Suspension Bridges
	9 - Bridges - behaviour and design
	10 - Innovative Structural Concepts -  3
	11 - Analysis and Optimization
	12 - Building Vibrations and Damper Design
	13 - Floating Suspension Bridges
	14 - Concrete Materials and Effects on Structural Performance
	15 - Application of Ultra High Performance Concrete
	16 - Opportunities And Innovations In The Performance Based Seismic Design And Retrofit Of Bridges
	17 - Innovative Structural Concepts -  4
	18 - Structural Monitoring and Assessment
	19 - Bridges - innovative solutions
	20 - Fire response of structures
	21 - Risk and Safety
	22 - Arch Structures
	23 - Soil Structure Interaction


	Plenary
	Plenary Sessions

	Thursday
	Thursday
	Bearings and Expansion Joints
	Structural Concrete - Experiments
	Design of structures for Earthquakes 1
	Structural Health Monitoring
	Structural Steel - Research and Design
	Cable Stayed Bridges I - Design and Rehabilitation
	Quality Control For The Efficient Management Of Existing Bridges
	POSTER SESSION 1
	Bridges Case studies 1
	Structural Concrete - Design
	Structural Steel - Practical Issues and Case Studies
	Design of structures for Earthquakes 2
	Historic Structures 1
	Cable Stayed Bridges II - Analysis and Optimization
	Modern Wind Turbines - Challenges And New Design Technologies For Wind Turbine Structures
	Advancing the Design, Engineering, Analysis and Operations of Bridges
	Corrosion
	Structural Concrete - Repair
	Suspension Bridges
	Modern Construction Methods
	Historic Structures 2
	Slabs as Structural Members
	Impact of Climate Change
	Strengthening Of Old Steel Bridges


	Friday
	Friday
	1 - Safety of Marine and Railway Infrastructure
	2 - Structural Behaviour under Seismic Conditions 1
	3 - Structual Analysis 1
	4 - Architectural and Structural Considerations in Design
	5 - Bridges- case studies 2
	6 - Fibre optic Sensing
	7 - Challenges With A Deteriorating Major Structure – The Existing Champlain Bridge
	8 - POSTER SESSION 2
	9 - Shear in Concrete Members
	10 - Structural Behaviour under Seismic Conditions 2
	11 - FRP Structural Members
	12 - Structural Analysis 2
	13 - Structural Timber -1
	14 - Bridges and  Vibrations
	15 - Fatigue - Cables, Orthotropic Deck, and Long Span Bridges
	16 - The New Bridge Over The Saint Lawrence River In Montreal, Canada
	17 - Reinforced and Prestressed Concrete
	18 - Innovative Structural Concepts-  1
	19 - Seismic Protection of Structures
	20 - Pedestrian Bridges
	21 - Structural Timber - 2
	22 - Structural Glass
	23 - Sustainable Structures In Practice
	24 - Adding Value Through Innovation In Structural Design


	Saturday
	Saturday
	1 - Durability
	2 - Structural Strenthening and Retrofit case studies
	3 - Fatigue and Fracture - Design and Assessment
	4 - Innovative Structural Concepts- 2
	5 - Novelty in Construction
	6 - Fibre Reinforced Concrete and  Polymer composites  in Structures
	7 - Bridges- Case studies 3
	8 - Challenges with Building Long Suspension Bridges
	9 - Bridges - behaviour and design
	10 - Innovative Structural Concepts -  3
	11 - Analysis and Optimization
	12 - Building Vibrations and Damper Design
	13 - Floating Suspension Bridges
	14 - Concrete Materials and Effects on Structural Performance
	15 - Application of Ultra High Performance Concrete
	16 - Opportunities And Innovations In The Performance Based Seismic Design And Retrofit Of Bridges
	17 - Innovative Structural Concepts -  4
	18 - Structural Monitoring and Assessment
	19 - Bridges - innovative solutions
	20 - Fire response of structures
	21 - Risk and Safety
	22 - Arch Structures
	23 - Soil Structure Interaction


	Plenary
	Plenary Sessions

	Thursday
	Thursday
	Bearings and Expansion Joints
	Structural Concrete - Experiments
	Design of structures for Earthquakes 1
	Structural Health Monitoring
	Structural Steel - Research and Design
	Cable Stayed Bridges I - Design and Rehabilitation
	Quality Control For The Efficient Management Of Existing Bridges
	POSTER SESSION 1
	Bridges Case studies 1
	Structural Concrete - Design
	Structural Steel - Practical Issues and Case Studies
	Design of structures for Earthquakes 2
	Historic Structures 1
	Cable Stayed Bridges II - Analysis and Optimization
	Modern Wind Turbines - Challenges And New Design Technologies For Wind Turbine Structures
	Advancing the Design, Engineering, Analysis and Operations of Bridges
	Corrosion
	Structural Concrete - Repair
	Suspension Bridges
	Modern Construction Methods
	Historic Structures 2
	Slabs as Structural Members
	Impact of Climate Change
	Strengthening Of Old Steel Bridges


	Friday
	Friday
	1 - Safety of Marine and Railway Infrastructure
	2 - Structural Behaviour under Seismic Conditions 1
	3 - Structual Analysis 1
	4 - Architectural and Structural Considerations in Design
	5 - Bridges- case studies 2
	6 - Fibre optic Sensing
	7 - Challenges With A Deteriorating Major Structure – The Existing Champlain Bridge
	8 - POSTER SESSION 2
	9 - Shear in Concrete Members
	10 - Structural Behaviour under Seismic Conditions 2
	11 - FRP Structural Members
	12 - Structural Analysis 2
	13 - Structural Timber -1
	14 - Bridges and  Vibrations
	15 - Fatigue - Cables, Orthotropic Deck, and Long Span Bridges
	16 - The New Bridge Over The Saint Lawrence River In Montreal, Canada
	17 - Reinforced and Prestressed Concrete
	18 - Innovative Structural Concepts-  1
	19 - Seismic Protection of Structures
	20 - Pedestrian Bridges
	21 - Structural Timber - 2
	22 - Structural Glass
	23 - Sustainable Structures In Practice
	24 - Adding Value Through Innovation In Structural Design


	Saturday
	Saturday
	1 - Durability
	2 - Structural Strenthening and Retrofit case studies
	3 - Fatigue and Fracture - Design and Assessment
	4 - Innovative Structural Concepts- 2
	5 - Novelty in Construction
	6 - Fibre Reinforced Concrete and  Polymer composites  in Structures
	7 - Bridges- Case studies 3
	8 - Challenges with Building Long Suspension Bridges
	9 - Bridges - behaviour and design
	10 - Innovative Structural Concepts -  3
	11 - Analysis and Optimization
	12 - Building Vibrations and Damper Design
	13 - Floating Suspension Bridges
	14 - Concrete Materials and Effects on Structural Performance
	15 - Application of Ultra High Performance Concrete
	16 - Opportunities And Innovations In The Performance Based Seismic Design And Retrofit Of Bridges
	17 - Innovative Structural Concepts -  4
	18 - Structural Monitoring and Assessment
	19 - Bridges - innovative solutions
	20 - Fire response of structures
	21 - Risk and Safety
	22 - Arch Structures
	23 - Soil Structure Interaction


	Plenary
	Plenary Sessions

	Thursday
	Thursday
	Bearings and Expansion Joints
	Structural Concrete - Experiments
	Design of structures for Earthquakes 1
	Structural Health Monitoring
	Structural Steel - Research and Design
	Cable Stayed Bridges I - Design and Rehabilitation
	Quality Control For The Efficient Management Of Existing Bridges
	POSTER SESSION 1
	Bridges Case studies 1
	Structural Concrete - Design
	Structural Steel - Practical Issues and Case Studies
	Design of structures for Earthquakes 2
	Historic Structures 1
	Cable Stayed Bridges II - Analysis and Optimization
	Modern Wind Turbines - Challenges And New Design Technologies For Wind Turbine Structures
	Advancing the Design, Engineering, Analysis and Operations of Bridges
	Corrosion
	Structural Concrete - Repair
	Suspension Bridges
	Modern Construction Methods
	Historic Structures 2
	Slabs as Structural Members
	Impact of Climate Change
	Strengthening Of Old Steel Bridges


	Friday
	Friday
	1 - Safety of Marine and Railway Infrastructure
	2 - Structural Behaviour under Seismic Conditions 1
	3 - Structual Analysis 1
	4 - Architectural and Structural Considerations in Design
	5 - Bridges- case studies 2
	6 - Fibre optic Sensing
	7 - Challenges With A Deteriorating Major Structure – The Existing Champlain Bridge
	8 - POSTER SESSION 2
	9 - Shear in Concrete Members
	10 - Structural Behaviour under Seismic Conditions 2
	11 - FRP Structural Members
	12 - Structural Analysis 2
	13 - Structural Timber -1
	14 - Bridges and  Vibrations
	15 - Fatigue - Cables, Orthotropic Deck, and Long Span Bridges
	16 - The New Bridge Over The Saint Lawrence River In Montreal, Canada
	17 - Reinforced and Prestressed Concrete
	18 - Innovative Structural Concepts-  1
	19 - Seismic Protection of Structures
	20 - Pedestrian Bridges
	21 - Structural Timber - 2
	22 - Structural Glass
	23 - Sustainable Structures In Practice
	24 - Adding Value Through Innovation In Structural Design


	Saturday
	Saturday
	1 - Durability
	2 - Structural Strenthening and Retrofit case studies
	3 - Fatigue and Fracture - Design and Assessment
	4 - Innovative Structural Concepts- 2
	5 - Novelty in Construction
	6 - Fibre Reinforced Concrete and  Polymer composites  in Structures
	7 - Bridges- Case studies 3
	8 - Challenges with Building Long Suspension Bridges
	9 - Bridges - behaviour and design
	10 - Innovative Structural Concepts -  3
	11 - Analysis and Optimization
	12 - Building Vibrations and Damper Design
	13 - Floating Suspension Bridges
	14 - Concrete Materials and Effects on Structural Performance
	15 - Application of Ultra High Performance Concrete
	16 - Opportunities And Innovations In The Performance Based Seismic Design And Retrofit Of Bridges
	17 - Innovative Structural Concepts -  4
	18 - Structural Monitoring and Assessment
	19 - Bridges - innovative solutions
	20 - Fire response of structures
	21 - Risk and Safety
	22 - Arch Structures
	23 - Soil Structure Interaction



