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Introduction

* Rozenoord bridge
*  Bending moment capacity

* Euler-Bernoulli beam theory
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“How does the linear Eurocode cross-sectional check
compare to the numerical nonlinear check performed in the
GRF safety format in over-reinforced concrete beams?”
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Scope of study

«  Bending moment capacity v ; v
- Simple test cases hi A Ir
: cees
* Reinforcement ratios ZAN : AN b
I L 1

*  Bonded reinforcement



Methodology

Flowchart

Analytical model by Python

Numerical model by DIANA FEA
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Safety format

Partial Safety Factors (PSF)

Global Resistance Factor (GRF)
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e Steel governing Concrete governing
0 steel Concrete Steel Concrete

Mean strength factor 1.1 0.85 1.52 1.17

Partial safety factor (ys, Y.) 1.15 1.5 1.15 1.5

Global resistance factor (y,) 1.27 1.27 1.75 1.75

56
Jom _ 26 _ 4 44

fck - 48

Yo 175
1.15 1.15

Vo=117x15=175 mp = 1.52
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Analytical model

« Constructed using Python

«  Max. strain is 3.5%o

* Horizontal equilibrium

X, oy * 100 1 = 1
* Rotational capacity o = £ %106 + 7f ]k \ :
~d—- c.A.
ds dp
« Strain with linear theory for o N\
f ]/Ls — O'pmoo)Ap + deAS }'ﬁ g,p_(f’_\ . Al
B Ay + Ag o —— . ;
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Numerical model Lo
I h| A L
4 ; é ..b..
- Constructed using DIANA FEA | L '
*  Symmetry

*  Curved shell elements |

+ Displacement controlled analysis

«  Benchmark
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Benchmark

* Four-point bending test (Jones et al., 1982)

« Tensile and compressive fracture energy
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Benchmark

LOAD - DEFLECTION OF ORB1

—Test beam paper === ==Numerical model
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Results

Load - deflection curves with different reinforcement for steel governing Load - deflection curves with different reinforcement for concrete governing
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esults

ANGlysis
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Results

Total strain EXX over the height of beam dbar 19 at failure
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Results

I Linear Nonlinear steel Nonlinear concrete
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Maximum force of each test case for different methods

Steel yielding
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Conclusion and

recommendations

Linear check not conservative

GRF method affect outcome

Important factors of future research:

Different material properties

Dimensions

Shape of cross-section

Convergence criterion
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Load - deflection curves of dbar = 14 with different element sizes

1 jea = 15 El ize =25 Ie i2e =50 size =75
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