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Equi Bridges

Diseño

Errores
Concepto
Mal planteamiento
Suposición errónea
Suposición no realizada
Acción errónea
Resistencia incorrecta
Trayectoria de carga no reconocida
Trayectoria de carga no continua
Mal análisis numérico
Mal detallado
etc.

Omisión
Omisión de una acción
Omisión de un comportamiento
Omisión de detalles en los dibujos ("Lo 
detallo en el plano del taller")
etc.
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Equi Bridges

Concepto

Errores de diseño

Hartford Civic Center 
Coliseum,
1978, Hartford, 
Connecticut, USA 

Report of Committee to Investigate the Coliseum Roof Failure, 1978, (Hartfort 
Civic Center) City of Hartford, Connecticut, USA
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Equi Bridges

Omitir una acción

Omisiones de diseño

Millenium bridge,
2000, London, UK

www.arup.com/millenniumbridge/ (the page no longer exists)
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Equi Bridges

Planos de Taller

No hay planos de taller
El taller no entiende el diseño
El taller se desvía del diseño
No revisado por el diseñador
Error no reconocido por el revisor
Presentaciones fragmentadas y descoordinadas
El taller no aplica las revisiones/correcciones
Indicaciones ignoradas por el constructor
etc.
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Equi Bridges

Planos de Taller

Kansas City Hyatt Regency Walkways Collapse,
1981, Kansas City, Missouri, USA

NBS Building Science Series 143, Investigation of the Kansas City Hyatt
Regency Walkways Collapse, 1982
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Equi Bridges

Construcción/renovación

Planos inadecuados o ambiguos
Falta de interacción entre el ingeniero y el contratista
Interacción de personas poco cualificadas
El ingeniero no está familiarizado con los detalles del 
diseño
El contratista no es competente para comprender
Instrucciones del ingeniero, o no son atendidas
Cambios sobre el terreno no aprobados o 
malinterpretados
Inspecciones de construcción
etc.
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Equi Bridges 9

Puente de Chirajara (Colombia)

Extract from IABSE CS 3 Investigation of the Chirajara Bridge Collapse
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Puente de Chirajara (Colombia)

Extract from IABSE CS 3 Investigation of the Chirajara Bridge Collapse
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Puente de Kamukobe (Republica Democrática del Congo)
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Puente de Kamukobe (Republica Democrática del Congo)
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Puente de Kamukobe (Republica Democrática del Congo)
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Equi Bridges

Basic strategies
• Preventive maintenance
• Condition-based maintenance
• Controlled deterioration

Aims
• Ensuring availability of roads
• Predict conditions
• Elaboration of budget for maintenance

Maintenance Strategies
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Equi Bridges

Bridge Asset Management

Phase per 
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Equi Bridges

Basic strategies
• Preventive maintenance
• Condition-based maintenance
• Controlled deterioration

Aims
• Ensuring availability of roads
• Predict conditions
• Elaboration of budget for maintenance

Maintenance Strategies
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Equi Bridges

Avoid damages in early state
• Control bridge drainage
• Hydrophobic painting of relevant

structural elements
• Replacement of water proofing before

leakage and maintain pavement joints
• Replacement of concrete cover before

initiation of reinforcement corrosion
• Replacement of damaged cement joints in 

stone bridges
• Eliminate the grow of plants on the

structure

Preventive Maintenance
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Equi Bridges

Specific condition state starts 
project

• Projects triggered from 
inspection results

• For single structures 10 years 
after State 3

• Planification with constant
number of bridges or budget
per year

• Ensure an intervention free 
period of approx. 40 years after 
the rehabilitation

Condition based maintenance
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Equi Bridges

Use until the end of life
• Postpone 

replacement
• Prepare the projects

and aproval
• Allow for

deterioration
• Monitor the condition
• Make sure that no 

emergency measures
are required!

Controlled deterioration
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Equi Bridges

Rolling wave maintenance

K. Schellenberg et al.: Defining a Bridge Maintenance Strategy – Some Practical Constraints, in: Challenges in 

Design and Construction of an Innovative and Sustainable Built Environment, 2016, S. 1477–1484.

BIM for existing bridges 37

Iterative process
Object level considerations

• Condition assessment
• Prediction of deterioration
• Estimate of yearly measures

Net level considerations
• Required condition
• Financial ressources
• Human ressources

Aim for stable conditions



Equi Bridges

Combination of strategies
• Improvement of road system

• Pavement
• Widening of roads
• Increase loading capacities
• New roads due to additional river crossings

• Decentralization of measures
• Standardisation of solutions

Optimisation on net level
• Reduce cost
• Reduce risk
• Maximize availability

Maintenance Strategies
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Equi Bridges

• Latest BMS Infkuba introduced by approx. 50% of cantons

Bridge Management Systems

[BMS InfKuba, UnitSolutions/IMC]
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Equi Bridges

Reduction of maintenance cost

Reduce the lifecycle cost of the infrastructure
• Cover long term needs (avoid lost investments)
• Careful planning with elaborated basics of design
• Increase service life
• Ensure quality of construction
• Repair damages before rehabilitation costs increase unproportional
• Reduce emergency measures by controlling conditions
• Build groups with repetitive work (campaigns)
• Say no to corruption

BIM for existing bridges 40



Equi Bridges

• Increase the profitability of the business

• More efficiency in projects

• Increase productivity of the team

41

What is expected from BIM
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Equi Bridges

• BIM Models for 3D visualization
• Information: not all but necessary
• Linked to management system (e.g.

InfKuba)

42

Methodology
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Equi Bridges

• Predefined views

43

Methodology
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Equi Bridges

• Geometry controls
• Using GPS point list (pyramid points)
• Deviations are reported immediately in the model

44

Methodology
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Equi Bridges

• Automatically generated information:
• Reinforcement list
• Bill of quantities

• Submodels for information exchange (e.g. formwork)
• Construction program included as a property 
• Inspection and control plan 

• All elements defined as “pending” until finished

45

Methodology
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Equi Bridges BIM for existing bridges

Maillartbrücke Aarburg

46

• Rehabilitation of bridge deck
• Strengthening by UHPFRC
• First BIM project for rehabilitation incl. 

BIM-to-Field
• BIM model compatible with bridge asset 

management database BMS
• New drainage system in curb
• Assessment 2021
• Execution 2022
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History

• Suspension bridge  1837
• Maillart bridge  1912
• Replacement of deck  1969
• Rehabilitation    1996

19121996
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Equi Bridges

• Missing waterproofing, transversal prestressing, chlorides
• Lack of structural resistance on sidewalks (pedestrians only)

48

Initial Situation
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Equi Bridges

• Leaking expansion joints 
• Corrosion in abutment chambers

49

Condition State
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Equi Bridges

• From the road
• Disturbing traffic

50

Access to Abutments
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Equi Bridges 51

Special Conditions

• High amount of heavy traffic
• Narrow roadway, difficult to cross
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Equi Bridges

• Waterproofing and strengthening of the deck
• Reconstruction of bridge ends
• Combined cycle and pedestrian lane

52

Project Scope
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Deck Rehabilitation

• Waterproofing and strengthening 
by UHPC layer
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Equi Bridges

• Cement: matrix with ~3% fibres
• Strength: 200 MPa (compressive) and 15 MPa 

(tensile)
• Material: durable (high density, low porosity )
• Water: can be used as a waterproofing layer

54

UHPC
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Equi Bridges

• Application
• Removal of ~2 cm of existing concrete 

surface
• Moistening of the surface
• Placement of reinforcement
• Pouring of UHPC

55

UHPC Properties
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Equi Bridges

• Elimination of expansion joints and inspection chambers
• Connection of the deck to the abutment wall

vertical
cuts on wall

56

Adjustments of Abutment

vertical 
cuts
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Equi Bridges

• Removal of expansion joints and inspection chambers

57

Adjustments of Abutment
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Equi Bridges

• Elimination of bearings

58

Adjustments of Abutment
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Equi Bridges

• Point cloud of laser scan

59

Laser Scanning
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Equi Bridges

• Including the initial state, construction, and end state

60

Drainage Model

BIM for existing bridges
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IABSE: NATIONAL GROUPS, TASK GROUPS



40th IABSE Symposium



40th IABSE Symposium

Thesis

Mandatory lessons
(~28 hrs)

Assessment of 
Existing 

Structures

Basic Level

Forensic Structural 
Engineering

Mandatory lessons
(~12 hrs)

Free-choice lessons (at least 10 hrs)

Levels

Thesis

Mandatory lessons
(~12 hrs)

Assessment of 
Existing 

Structures

Advanced Level

Forensic Structural 
Engineering

Mandatory lessons
(~8 hrs)

Free-choice lessons (at least 5 hrs)



Gracias
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