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Problem statement
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Skewed vmduct brldge KW4 “Frankeneng” in A3O
(Ede)

[1] Hulsebosch C.A. A parametric study on the design of reinforced concrete
simply supported skewed slab highway bridges: TU Delft, 2019

[2] Cope R. Flexural shear failure of reinforced concrete slabs bridges:
Proceedings of the Institution of Civil Engineers. 1985
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a = 90° a <90°

The reaction force at the wide angled corner
become more significant as the skew angle
decrease [1, 2]

In practice, skew bridges with 75° < a < 90°
are treated as straight bridges

400 mm x 400 mm
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Approaches for shear m member without
shear remnforcement

e Current EN 1992-1-1:2004
VRd,c — [CRd,c -k - (100 “Pr fck)l/s] * by, d

Crac equalto 0.18/y., (recommended value)

k size effect factor equal to 1 +,/200/d < 2

P1 is the longitudinal reinforcement (< 2%)

fere  is the characteristic compressive strength of concrete
k, isaconstant equal to 0.15 (recommended value)

d is the effective depth of the member
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Approaches for shear m member without
shear reinforcement —cont’d

* FprEN 1992-1-1:2023

W=

0.66 dyg
VRac = 100'pl'fck'7 by - d
Vv

dag is a size parameter describing the failure zone roughness, which depends on the
concrete type and its aggregate properties, taken as (in [mm]):

16 mm + Djyper < 40 mm — f,< 60 MPa Diower “smallest value of the upper
sieve in a aggregate for the

60 2 coarsest fraction” EN-1260
16 mm + Dyyyer <f_k> < 40mm - f> 60 MPa
(o

aCS
d is the effective of flexural reinforcement depth, for more refined®» = \| 73 d
calculation can be replaced by
“ | Vea|
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Considerations for skew slabs

« Shear verification for member without shear reinforcement

Veaic 2 VEa = Trac= TEa

e How to determine Tgg?

Using a linear elastic analysis, with v= 0, G = Gelas/8 (this approach accounts for the redistribution on the
shear field due to cracking) [3].

Clauses in 8.2.1 (FprEN 1992-1-1:2023)

(5) In planar members (such as solid slabs and shells), the design shear force per unit length should
calculated as:

_ [,.2 2
VgEa = \/ Veax T VEdy

(6) When the shear force in planar member is not constant along the control section, it may be averaged over
a width not larger than 2d on both sides from the peak of the shear force.

[3] Natario A., Fernandez Ruiz M., Muttoni A. Shear strength of RC slabs under concentrated load near clamped linear
support. Engineering Structures. 2014; 76:10-23 m innovation
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Considerations for skew slabs —cont’d

« How to determine Ted?

Concentrated load

/ Control section
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Assessment of skew slabs using LFEA

« Test campaign by J. Lu (2023)

TU Delft

dy =435 mm
as = 800 mm, for test Aand C
1060 mm , fortest Band D

Supports

m innovation
for life




Assessment of skew slabs using LFEA-cont’d

« Test campaign by J. Lu (2023)

Pi

A

I~
/é, Effective remforcement

Specimen Span length | Width | Effective d fcm pl pt

[m] [m] [mm] [MPa] [%] [%]
S75N1 3.6 2 265 70.47 1 0.23
S60N1 3.6 2 265 65.10 1 0.23
S60N2 3.6 2 265 64.70 1 0.23
$6001 3.6 2 265 69.40 1 0.23
S45N1 3.6 2 265 72.30 1 0.23

Pr
Cracked section
/ YA

Free edge

Span length

2

Support line
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Assessment of skew slabs using LFEA-cont’d

Description of numerical models

100 mm
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, Veq is known, and the verifi

ign situation
is fulfilled by checking the inequality (tzq < Tgac ()
To calculate the actual shear resistance (tz4

In a des

TRdc,c)r a

1 kN)

t load can be used (Vg4
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Assessment of skew slabs using LFEA-cont’d

« Description of numerical models:

= f T = area under curve

v

(Average within 2d, both for FprEC2 and EC2) f(x) 7
n | : [ rxyax

1 .
Avg=a. a; Q X— T or Ja = -

1=1 m innovation
for life
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Assessment of skew slabs using LFEA-cont’d

* Results comparison:

Shear capacity [kN]
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Experiments
EN 1992-1-1:2004

FprEN 1992-1-1:2023 (d = av)

S60N2 S6001 S45N1

One-way shear failure was observed in all the experiments
Shear capacity = Maximum externally applied load

fck considered fcm

¥»=1 Craqc=0.15
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Assessment of skew slabs using LFEA-cont’d

* Results comparison:

) EN 1992-1-1:2004 FprEN 1992-1-1:2023 (d = av)
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 2 T T T T T T T T T 2 T T T T T T T T T
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Assessment of skew slabs using NLFEA
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Assessment of skew slabs using NLFEA
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Assessment of skew slabs using NLFEA
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Assessment of skew slabs using NLFEA
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In summary...

« EN 1992-1-1:2004 vs FprEN 1992-1-1:2023

* The approach in the new Eurocode with d = dnom can lead to
conservative results (as expected)

« The approach in the new Eurocode with d = av (refined calculation)
gives similar results to the current Eurocode when compared to the
skew slab specimen considered in this study

« The tested/predicted ratio decreases when the skew angle is smaller
« LFEA can properly represent the shear stress concentration in skew slabs

« NLFEA provided consistent representation of the crack pattern observed
in the experiments
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