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Prediction of Failure Mode Under Static Loading in Long Span Bridge Deck Slabs by FEM
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Abstract

An analytical model is presented to predict the static behavior of the long—span prestressed concrete bridge deck(the
long—span PSC deck). The finite element analysis is performed and the results are compared with that of the previous
experimental test. The load—deflection relationship curves by FEM are in good agreement with the results reported in the
previous study. The failure mode of all test specimens is predicted by the punching shear in this study. It is also
observed in the previous experimental test. The main objective of this paper is presenting supportive method to predict
static behavior of the long— span PSC deck slab. It is not simulating the punching shear behavior graphically.

Keywords : Long—span bridge deck, PSC deck, Long span PSC deck, Finite element method, Punching shear
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Fig. 1 Shape and Dimension of the test specimens

Table 1 Detail of reinforcement
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Table 2 Summary of the test specimens

Prestress (MPa) C;rrr;ﬁfigfe Number of
Specimens specimen Remarks
tend concrete | concrete (EA)
endon - section (MPa)
FS-1 1440 4.07 47.8 1 full
FS-2 1440 4.07 53.2 1 prestressing
P1S 1070 2.69 54.2 1
P2s 670 1.32 52.0 1 partial
prestressing
MS 480 0.67 49.8 1
Total 5
Table 3 Test results
Specimens Ultimate deg/fciion Remarks
P load (kN)
(mm)
FS—-1 257.3 13.65
- e
FS-2 325.4 19.97 — ‘15&‘
P1S 316.3 1375 TN
shear B 74N
P2S 320.0 21.14
NS 216.2 15.34 <FS—2 Specimen>

Transverse o
direction Longitudinal

Remarks
rebar

rebar | tendon

space (mm) 100 330 40

effective depth span : 2700mm
(mm) 102 775 % cantilever : 800mm
thickness @ 115mm

reinforcement

. 0.0069 0.0078
ratio

Fig. 2 Static loading test
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Table 4 Shapes of element

Element Type Shape Applied member
n L-|:§2 face 5
fece 3
C3D6 b N S | slab hunch
fece 1
Solid
C3D8 deck slab
face 3
3
face 4 5 face 2 .
Shell S4R girder
v face 1 A

Fig. 3 Finite element analysis model
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Fig. 4 Modified Hognested stress—strain curve of concrete
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Fig. 5 Tension stiffening model of concrete
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Fig. 6 Stress—strain relationship curve of rebar and tendon
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Fig. 7 Stress—strain relationship curve by FEM
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(a) 3D model

(b) 2D model
Fig. 9 Strain distribution
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Fig. 10 Comparison of Stress—Strain relationship curve
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Table 5 Comparison of ultimate strength

Ultimate strength
Specimens | Experimental | Predicted Verified | @/ |@)/1)
(€Y} @) 3
FS-1 257.3 346.6 295.5 1.35 | 0.99
FS-2 325.4 375.2 3235 1.15 | 1.15
P1S 316.3 352.3 352.3 111 | 1.11
pP2S 320.0 317.6 327.3 0.99 | 1.02
MS 216.2 295.7 235.4 1.37 | 1.09
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(b) Experimental Test(bottom)

s e
(c) Experimental Test(side)

Fig. 11 Shape of failure surface(FS—2)
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