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An Evaluation of Flexural Performance of Composite Beam with Ultra High
Performance Concrete Deck and Inverted T-Shaped Steel Girder

Sung-Won Yoo', Chang-Bin ]ohz*, Kwang-Ho Choi’

Abstract: In this paper, when the composite beam is made with UHPC deck and steel girder, the steel girder takes the form of the inverted-T shape
without top flange because of high strength and stiffness of UHPC deck. There is no evaluation by experiment and analysis about the shear connector
behavior on the web of steel girder and flexural behavior of inverted-T shape composite beam. By this reason, this study compares between experiment
and analysis by using tension softening model of UHPC on the basis of flexural test results of 16 members considering compressive strength of UHPC,
spacing of stud and thickness of deck as variables. The results of tensile strength of UHPC by inverse analysis were 6.57 MPa(in case of 120 MPa) and
9.57 MPa(in case of 150 MPa). In case of the test members with small stud spacing, the results of analysis and test were close clearly, and the test members
with thick deck and low UHPC compressive strength also similar, but effects were small. As it compared between analysis and experiment totally,
the results of analysis and experiment agree well. So the tension softening model of UHPC is reasonably reflected on the real behavior of composite

beam of UHPC.
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Fig. 1 Schematic diagram of conventional and inverted-T composite
girder(Yoo et al., 2014)
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Fig. 2 Flow chart of modeling of tension softening curve(Yoo et al.,
2015)
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Table 1 Physical propperties of steel fiber

ratio to concrete

: yield [volume %]
1D i:r;sn:gy l[enr;i;l strength diameter[mm]
Lro/m’] [MPa]
19.5 16.3
120 7,800 13 2,500 1.0 -
150 7,800 13 2,500 1.0 0.5
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Table 2 Concrete mix proportion

Unit weight[kg/m’]
D W/B Premi steel fiber
%] w oM p A [mm]

binder 195 163
120 23 221 1259 847 177 0.7 78 ]
150 20 197 1288 866 244 09 78 39

W : water, S : sand, P : plasticizer, A : antifoaming agent
Premix binder : cement, zirconium, blast furnace slag, filler,
expansion agent, reduction agent of shrinkage

Table 3 Mechanical properties of concrete

ID fcu‘[MPa] Ec [MPa] €,
120 126.5 36,737 0.00344
150 1434 39,123 0.00367
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Fig. 4 Numerical analysis model of flexural tensile specimen for
inverse analysis
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Table 4 Tensile data by inverse analysis(unit : MPa)

ID J tj € €0.3 €19 €lim Ot 91y,

120 6.57 0.00015 0.00195 0.00615 0.02925 6.48 6.22
150  9.57 0.00024 0.00204 0.00624 0.02685 9.11 7.73
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Fig. § Tensile stress-strain relationship
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Fig. 6 Model of tensile stress-strain relationship
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Table 5 Test variables

ID compr(e:;)sri]\clze:frength Sr;etie(l)(f;llzlelrlrrr?el; Slab[illﬁl](ness Stu(Er;[I);l]c ing Steel dimension Mon‘Ezlltni)/fnilr]lertia
[MPa] [%o]
120£-50-50 50 50 648,204,096
120£-50-100 50 100 see Fig. 8(a) 608,431,093
120£-50-200 50 200 606,338,700
120£-50-400 120 19.5 mm 50 400 see Fig. 8(b) 624,077,520
120£-100-50 1.0% 100 50 668,005,509
120£-100-100 100 100 see Fig. 8(a) 631,827,808
120£-100-200 100 200 629,097,682
120£-100-400 100 400 see Fig. 8(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 L0% 50 200 571,715,499
150£-50-400 50 400 . 584,448,794
150 see Fig. 8(a)
150£-100-50 100 50 633,091,651
150£-100-100 +16.3 mm 100 100 598,844,031
150£-100-200 05 % 100 200 593,981,057
150£-100-400 100 400 604,406,484
P AN
2200
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(a) General case

(b) Several case of change of steel dimension

Fig. 7 Section dimension of test member[Unit : mm]
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Fig. 8 Test setup[Unit : mm]

: Concrete strain gauge

Steel strain gauge
LVDT
Rosette strain gauge
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Fig. 9 Distribution of stress and strain
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(c) UHPC compressive strength = 150 MPa, slab thickness = 50 mm

B2 2 (3)3 2] ZHEES Attt

6top =c ¢

€t =(h—c) ¢ (1)
/ oA / Lo, =0 2)

= [ oyaa + [ oy, 3)
A

o
T
2
0
ri
H
W
L
m
&
I
>
2

120

100 /:?.: >

3
N
TR

— 120f-100-50 : experiment
= = 120f-100-100 : experiment
—— 120f-100-200: experiment
————— 120f-100-400: experiment
= + =120f-100-50 : analysis
------ 120f-100-100 : analysis
e« o 120f-100-200: analysis
== 120f-100-400: analysis

=
=]

P/L/10* (kN/(m®/m])
3

]
o

o 5 10 15 20 25 30

Displacement (mm)

(b) UHPC compressive strength = 120 MPa, slab thickness = 100 mm
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Table 6 Comparison of tested ultimate horizontal shear force and
analyzed resistance load

tested analyzed

horizontal horizontal test
1D /
shear force shear force analysis
(kN) (kN)
120£-50-50 1,386 1.21
120£-50-100 1,138 1,141 1.00
120£-50-200 965 0.85
120£-50-400 533 1,132 0.47
120£-100-50 1,937 1.04
120£-100-100 1,399 1,866 0.75
120£-100-200 1,016 0.54
120f-100-400 753 1,828 0.41
150f-50-50 1,151 0.77
150£-50-100 1,041 0.70
1,488
150£-50-200 803 0.54
150-50-400 1,089 0.73
150f-100-50 1,100 0.57
150f-100-100 900 0.47
1,918
150f-100-200 1,365 0.71
150f-100-400 852 0.44
average - - 0.70
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