
Existing bridge structures
Reassessment of existing shear-prone bridge structures using NLFEA
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Dennis Schoenmakers

• DIANA FEA user since 2016 (release 10.0)
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Dennis Schoenmakers

• DIANA FEA user 2021 (release 10.4)
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Dennis Schoenmakers

• DIANA FEA user 2021 (release 10.3)
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Dennis Schoenmakers

• DIANA FEA user 2023 (release 10.6)
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Dutch Highway A1 Apeldoorn Azelo
Reassessment of existing shear-prone bridge structures using NLFEA
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Introduction

• Widening of Dutch highway
• Shear force problem

KW020 - “Peddemors”KW018 - “Binnenkraai”
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Introduction

• Integral structure (monolithic jointed deck
and abutments)

• Inverted T-girder + slab 700 + 160 mm
• Span: 17.6 m / Width 25.0 m
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Introduction

Bending moment
external loading

Bending moment
due to prestress

• Mechanical point of view
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Introduction

RTD1006 (RBK1.1)

Shear strength was nearly sufficient

• Reassessment based on LE-calculations
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“New” developments “shear knowledge”

Bending moment
external loading

Bending moment
due to prestress

RTD1001 (ROK2.0) RTD1006 (RBK1.2.1)

i.e. scp = 0 MPa

Shear strength was not sufficient (max. u.c. 2.19)
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Non Linear Finite Element Analysis

• Physical NLFEA
• DIANA FEA 10.3
• 3D-analysis necessary
• GRF-philosophy (ultimate load of the

system)
• Simulation of shear failure
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Modeling (I)

• Building sequence / history

Dead weight

Prestressing

Mounting at abutments

Monolithic jointed (hyperstatic)

+
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Modeling (III)

• DIANA FEA model in R3-world
• Phased analysis

• Phase 1: Dead weight + Prestress + cast
in-situ weight

• Phase 2: Monolithic with additional
loading P + Q

Phase 1

Phase 2
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Modeling (IV)

• Prestressing strands (4 groups)
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Modeling (V)

• Stirrup reinforcement beams
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Modeling (VI)

• Flexural reinforcement topping
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Constitutive model concrete (I)

• Material models acc. RTD1016-1(2019)
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Model validation - result phased analysis

• Loading history (stressless slab)
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Model validation - Modeling prestress + rebar

• Stress level spw = 969 MPa (drawing)

• DIANA: spw = 969 MPa, Mp = 472 kNm

• ALP: spw = 969 MPa, Mp = 472 kNm
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Results NLFEA (I) - Base analysis

• Convergence / load-displacement
Convergence
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Punt 25: initiatie dwarskrachtscheur
Punt 26: eerste vloeien beugelwapening ligger
Punt 54: eerste breuk beugels
Punt 54: eerste vloei voorspanstrengen
Punt 53: laatst geconvergeerde stap (bereiken bezwijklast)
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Results NLFEA (II) - Base analysis

• Development fracture zones
• Last conv. step = > GRF (PGRF + 2.025 Q)
• First principe strain

2.51 MPa
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Results NLFEA (III) - Base analysis

• Development fracture zones
• Last conv. step = > GRF (PGRF + 2.025 Q)
• First principe strain

Initiation shear crack

PGRF, QULS

PULS, QULS

PGRF, QGRF

PGRF, 2.025Q
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Results NLFEA (IV) - Base analysis

• Development fracture zones
• Last conv. step = > GRF (PGRF + 2.025 Q)
• Shear crack arrested by bent strands?!

PGRF, 2.025Q

Development of deformation and strain.mp4
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Results NLFEA (V) - Base analysis

• Shear stress non-cracked compressive
region (bottom flange)

PGRF, 2.025Q

ܸܴ ݔ,ܨܴܩ, = 1200 න ݖ݀ݕݔܵ
100=ݖ

0=ݖ

+ 900 න ݖ݀ݕݔܵ
150=ݖ

100=ݖ

+ 450 න ݖ݀ݕݔܵ
250=ݖ

150=ݖ

Simulation
≈

Prediction
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Results NLFEA (VI) - Sensitivity / parameter study

• Research, e.g.:
• Influence spring stiffness substructure
• Positioning Tandemsystems
• Number of strands
• MEAN material props
• Predamaged shear-prone region
• Etc.
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Analyse 2 - Basisanalyse

Analyse 3 - (Randl (2013))

Analyse 4 - Loov et al. (1994)

Analyse 5 - Fundering

Analyse 6 - RC2

Analyse 7 - RC3

Analyse 8 - RC2 / Rel. / RC1

Analyse 9 - Mean

Analyse 10 - n_strengen
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