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ABSTRACT Ultra high performance concrete (UHPC) has been developed to overcome the low tensile strengths and brittleness of
conventional concrete. Considering that UHPC, owing to its composition and the use of steel fibers, develops a compressive strength
of 180 MPa as well as high stiffness, the top flange of the steel girder may be superfluous in the composite beam combining a slab
made of UHPC and the steel girder. In such composite beam, the steel girder takes the form of an inverted-T shaped structure without
top flange in which the studs needed for the composition of the steel girder with the UHPC slab are disposed in the web of the steel
girder. This study investigates experimentally and analytically the flexural behavior of this new type of composite beam to propose
details like stud spacing and slab thickness for further design recommendations. To that goal, eight composite beams with varying
stud spacing and slab thickness were fabricated and tested. The test results indicated that stud spacing running from 100 mmto 2 to 3
times the slab thickness can be recommended. In view of the relative characteristic slip limit of Eurocode-4, the results showed that
the composite beam developed ductile behavior. Moreover, except for the members with thin slab and large stud spacing, most of the
specimens exhibited results different to those predicted by AASHTO LRFD and Eurocode-4 because of the high performance

developed by UHPC.

Keywords : composite beam, UHPC deck, inverted-T shaped steel girder, flexural behavior, tension softening
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Fig. 1 Schematic diagram of conventional and inverted-T
composite girder
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Fig. 2 Schematic diagram of virtual crack model®
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Fig. 3 Multi-linear tension softening curve

3 point flexural test and measure
of Load-CMOD relationship
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Fig. 4 Flow chart of modeling of tension softening curve
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Table 1 Physical propperties of steel fiber

Table 2 Concrete mix proportion

densit lenoth yield ratio to diameter steel fiber
(ko 3}; (mrgn) strength | concrete (mix ratio) ClZr | S| F| E |[SR| P |W| A (mm)
g (MPa) | (volume %) 19.5 | 16.3
19.5 | 163 0.00
7.800 13 2,500 20 5 1 110.25/1.10{0.30{0.075[0.01|0.03|0.23 ) 0.10 | 0.05
C : cement, Zr : zirconium, S : sand, F : filler,

Fig. 5 Flexural tensile test by 3 point loading
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A : antifoaming agent, P : plasticizer, W : water,

E : expansion agent, SR :

Table 3 Results of concrete compressive strength

reduction agent of shrinkage

ID

£, (MPa)

E. (MPa)| «

u

slump flow
(mm)

air
(%)

187

45,385

0.00400

186

45,124

0.00402

176

44,491

0.00416

average

183

45,000

0.00406

765

2.9

feu

Fig. 6 Modelling of compressive stress-strain
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Fig. 7 Measurement result of load-CMOD
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Fig. 8 Numerical analysis model of flexural tensile specimen

for inverse analysis
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Fig. 9 Tension softening curve obtained by inverse analysis
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Table 4 Tensile data obtained by inverse analysis

ftj Tyt 019
Doy & | 99 | 9% | 9 |ovpa| ovpa

1 11.7 ]0.00026(0.00206{0.00626|0.02625| 11.7 | 11.3

2 14.1 |0.00031|0.00211{0.00631|0.02625| 14.1 | 13.2

3 9.1 ]0.00020(0.00200|0.00620|0.02625| 9.1 | 8.1

Average| 11.7 (0.00026|0.00206|0.00626|0.02625| 11.7 | 10.9
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Fig. 10 Stress and strain distribution at flexural crack section
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Fig. 11 TYpical tensile stress-strain relationship
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Fig. 12 Modelling of tensile stress-strain relationship
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Table 5 Test variables

ID Slab thickness (mm) | Stud spacing (mm)
50-50 50 50
50-100 50 100
50-200 50 200
50-400 50 400
100-50 100 50
100-100 100 100
100-200 100 200
100-400 100 400
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Fig. 13 Sectional dimension of test members
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Fig. 14 Distributions of stress and strain
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Fig. 15 Load-displacement relationship
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