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A Study on the Experiment of Flexural Behavior of Composite Beam
with Steel Fiber Reinforced UHPC and Inverted-T Steel Considering
Compressive Strength Level

Sung-Won Yoo" and Jeong-In Suh"*

YDepartment of Civil and Environmental Engineering, Woosuk University, Jinchon 27841, Rep. of Korea

ABSTRACT In a will to subdue the brittleness as well as the low tensile and flexural strengths of ordinary concrete, researches are
being actively watched worldwide on steel fiber-reinforced Ultra High Performance Concrete (UHPC) obtained by admixing steel
fibers in ultra high strength concrete. For the purpose of maximizing advantage of UHPC, this study removes the upper flange of the
steel girder to apply an inverted T-shape girder for the formation of the composite beam. This paper intends to evaluate the behavior
of the shear connectors and the flexural characteristics of the composite beam made of the inverted T-shape girder and UHPC slab
using 16 specimens considering the compressive strength of concrete, the mixing ratio of steel fiber, the spacing of shear connectors
and the thickness of the slab as variables. In view of the test results, it seemed that the appropriate stud spacing should range between
100 mm and 2 or 4 times the thickness of the slab. Moreover, the relative displacement observed in the specimens showed that ductile
behavior was secured to a certain extent with reference to the criteria for ductile behavior suggested in Eurocode-4. The specimens
with large stud spacing exhibited larger values than given by the design formula and revealed that the shear connectors developed
larger ultimate strength than predicted owing to the action of UHPC and steel after non-composite behavior. Besides, the specimens
with narrow stud spacing failed suddenly through compression at the upper chord of UHPC before reaching the full capacity of the
shear connectors.
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Fig. 1 Schematic diagram of conventional and inverted-T
composite girder?
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Table 1 Test variables

D Concretsetr;?gtllf ressive S;zfilo (ggfimﬁix Slab thickness | Stud spacing . Steel. Moment ?f inertia
(MPa) (%) (mm) (mm) dimension (mm*/m)
120£-50-50 50 50 648,204,096
120£-50-100 50 100 see Fig. 2(a) 608,431,093
120£-50-200 50 200 606,338,700
120-50-400 20 19.5 mm 50 400 see Fig. 2(b) | 624,077,520
120£-100-50 1.0% 100 50 668,005,509
120£-100-100 100 100 see Fig. 2(a) 631,827,808
120£-100-200 100 200 629,097,682
120£-100-400 100 400 see Fig. 2(b) 644,004,858
150£-50-50 50 50 614,037,639
150£-50-100 19.5 mm 50 100 577,958,206
150£-50-200 0% 50 200 571,715,499
150£-50-400 50 400 ) 584,448,794
e — 150 see Fig. 2(a)
150£-100-50 100 50 633,091,651
150£-100-100 * 163 mm 100 100 598,844,031
150£-100-200 0.5% 100 200 593,981,057
150£-100-400 100 400 604,406,484
Fay AN
2200
4@400. 10@200, 20@100, 42@50
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(a) General case (b) Several case of change of steel dimension (c) Datail of stud

Fig. 2 Section dimension of test member (Unit : mm)
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Fig. 3 Steel girder with steel form :

stud spacing 400, 200,
100 and 50 mm from left to right
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Fig. 4 Manufactured UHPC composite girder :

stud spacing
400, 200, 100 and 50 mm from top to bottom
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Fig. 5 Test setup (Unit : mm)
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Table 2 Concrete mix proportion

Unit weight (kg/m’)

steel fiber
(mm)

19.5]16.3
07|78 | -
09| 78 | 39

W/B ,
%) | w | Premix g b g
binder

ID

120 | 23
150 | 20

W : water

Premix binder : cement, zirconium, blast furnace slag,
filler, expansion agent, reduction agent of shrinkage

S : sand, P : plasticizer, A : antifoaming agent

221
197

1,259
1,288

847
866

17.7
24.4

Table 3 Mechanical properties of concrete

. .. Tensile
D Compressive Elasticity strength
strength (MPa) |modulus (MPa) (MPa)
120 126.5 36,737 6.57
standard 48 1,421 0.34
deviation
150 143.4 39,123 9.57
standard 52 1,501 0.46
deviation
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a) Top plane of slab

(b) Side plane of slab
Fig. 6 Crack pattern of 150f-50-50 member

Table 4 Crack and failure pattern

(a) Top plane of slab

A s e
,' B

(b) Side plane of slab

Fig. 7 Crack pattern of 120f-100-400 member

longitudinal crack crack on the side plane .
ID - - failure pattern
on the slab region (mm)| amount (ea) | width (mm) | pattern
120£-50-50 x 200 4 0.01 C EC
120£-50-100 X - - - -
120£-50-200 O 100 4 0.01 T
FC + STUD
120£-50-400 O 100 3 0.01 T
120£-100-50 X 400 8 0.02 T FC
120£-100-100 X 200 4 0.02 T
120£-100-200 O 400 5 0.02 T
FC + STUD
120£-100-400 O 600 8 0.02 T
150-50-50 x 100 5 0.01 C FC
150f-50-100 x - - - -
150-50-200 O - - - -
FC + STUD
150-50-400 O 200 10 0.01 C
150f-100-50 x 400 6 0.02 T EC
150£-100-100 X 400 5 0.02 T
150£-100-200 O 400 5 0.02 T
FC + STUD
150£-100-400 O 400 8 0.02 T

C : compression failure and cracking

T : crack on the tensile area

FC : flexural compression failure

STUD : failure of stud attaching concrete area
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Table 5 Yield, ultimate, failure load and characteristics relative displacement
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(b) Slab thickness = 100 mm

Fig. 8 Load-displacement relationship

20

D yield load ultimate load failure load displ. at 90% failure chgracteristic relative

(kN) (kN) (kN) load (mm) displacement (mm)
120£-50-50 554.1 585.5 580.0 9.82 8.84
120£-50-100 473.3 589.5 585.6 10.53 9.48
120£-50-200 - 497.1 471.6 8.41 7.57
120£-50-400 - 302.4 284.8 5.96 5.36
120£-100-50 500.2 702.6 678.5 10.82 9.74
120£-100-100 572.0 666.6 611.8 9.52 8.57
120£-100-200 585.0 647.2 6159 9.45 8.51
120£-100-400 462.9 468.8 456.1 8.26 7.43
150£-50-50 490.1 625.0 579.9 9.51 8.56
150£-50-100 598.2 631.5 631.5 10.50 9.45
150£-50-200 473.6 557.9 548.1 9.71 8.74
150f-50-400 - 418.0 416.6 8.13 7.32
150£-100-50 555.9 684.3 630.4 9.22 8.30
150£-100-100 595.5 691.9 676.8 10.37 9.33
150f-100-200 536.9 699.6 653.5 9.86 8.87
150f-100-400 - 570.7 543.5 9.64 8.68
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Fig. 9 Load-concrete strain at top of slab
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Table 6 Comparison of tested ultimate horizontal shear force and predicted resistance load without safety factor

D tested f}(;?;z%rg% shear |stud forc(ekll\ag Eq. (1) test / Eq. (1) stud forc(ek]l\algl Eq. (2) test / Eq. (2)
120£-50-50 1,386 2,535 0.55 4,636 0.30
120£-50-100 1,138 1,268 0.90 2,318 0.49
120£-50-200 965 634 1.52 1,159 0.83
120£-50-400 533 317 1.68 579 0.92
120f-100-50 1,937 2,535 0.76 4,636 0.42
120f-100-100 1,399 1,268 1.10 2,318 0.60
120f-100-200 1,016 634 1.60 1,159 0.88
120f-100-400 753 317 2.38 579 1.30
150£-50-50 1,151 2,785 0.41 5,093 0.23
150£-50-100 1,041 1,393 0.75 2,547 0.41
150£-50-200 803 696 1.15 1,273 0.63
150£-50-400 1,089 348 3.13 637 1.71
150£-100-50 1,100 2,785 0.39 5,093 0.22
150£-100-100 900 1,393 0.65 2,547 0.35
150£-100-200 1,365 696 1.96 1,273 1.07
150f-100-400 852 348 2.45 637 1.34

average - - 1.34 - 0.73
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