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A composite large-span open-web floor (COF) system is introduced in this paper, which is composed of I-shaped steel chords,
steel tube webs, and concrete slabs. One COF specimen was fabricated and tested under cyclic loadings. The failure process and
hysteretic curve of the specimen were discussed in detail. Moreover, a finite element (FE) model was developed and verified by
experimental results. A parametric study was performed to examine the effects of the concrete strength, steel strength, section steel
thickness, and structural height. The parametric study demonstrates that the effects of the steel strength, section steel thickness,
and structural height on the load-displacement hysteretic curve are proved to be significant. As for the bearing capacity and
stiffness degradation of the COF system, the influence of the steel strength and section steel thickness is stronger than that of the
concrete strength and structural height. Additionally, it is also found that the influence of the steel strength and section steel
thickness on the energy dissipation is remarkable; the energy dissipation ability of the structure decreased with increasing the steel

strength and increased with increasing the thickness of section steels.

1. Introduction

Large-span floor system has been used increasingly in many
structural applications including exhibition halls, airport
terminals, railway stations, and other large public buildings.
At present, two of the most commonly used floor types in
this kind of building are the reinforced concrete beam-plate
floor system and the steel structural floor system. However,
the disadvantages of those floor systems are obvious, such as
heavy weight, low stiffness, large section size, and poor
seismic performance. Thus, looking for a better structural
scheme of large-span floor system is essential for large-span
buildings.

Over the past few decades, steel-concrete composite
structures have been a very popular selection in practical
engineering, owing to the excellent structural behavior in
terms of high bearing capacity, low weight, high ductility,
high stiffness, and full usage of construction materials. So
far, the structural behavior of the composite members,

connections, and frames was detailedly investigated by re-
searchers [1-5]. In the field of steel-concrete composite
large-span floor system, Brattland and Kennedy focused on
the flexural behavior of steel trusses with concrete slabs and
presented the experimental results and analysis of two full-
scale test specimens. Test results showed that ductile be-
havior up to failure can be obtained without failure of the
web members. It also proved that steel trusses acting
compositely with concrete slabs on wide rib profile steel deck
are an economical system for long-span floors [6]. Huang
et al. investigated an innovative composite open-web floor,
which consists of concrete slabs, steel webs, and I-shaped
steel chords. The safety and reliability of the structure were
verified by a field test, and the design method was proposed
by theoretical analysis. The results of test and analysis
showed that the composite floors have the advantages of
high stiffness, strong bearing capacity, and low steel con-
sumption [7]. Merryfield et al. studied the influence of
connection types in the composite floor system; the system
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consists of concrete slabs, corrugated metal deck sheets, and
open-web steel joists. Two full-scale specimens were
designed, and the connection type of Puddle welds and Hilti
screws were used for each specimen, respectively. Both two
specimens were tested until failure under different combi-
nations of static and fatigue load cycles. The test results
showed that significant composite action is developed using
puddle-weld shear connectors [8]. Luan et al. proposed an
innovative steel open-web floor system, in which the top and
bottom T-shaped steel chords are connected by a steel square
tube, as the support of the top concrete slabs. Then, a full-
scale flexural test was conducted to evaluate the flexural
performance and failure mechanisms of the structures. It
was concluded that the steel open-web floor system presents
advantages of high large-span capability, low material cost,
and fast construction [9]. Yang et al. proposed an innovative
flat steel plate-concrete composite slab, in which the flat steel
plate and the concrete slabs are connected by perfobond
shear connectors. Six specimens were loaded with symmetric
two-point load at a quarter of the length. The test results
showed that the composite slabs have a good mechanical
performance with high bending capacity, substantial flexural
rigidity, and good ductility [10]. Luo and Zhang presented an
experimental and analytical study on the flexural response of
a steel-concrete composite truss beam. The effects of the
shear connectors’ configuration on the flexural response of
the composite trusses were examined. It was found that
composite truss beams failed via the yielding of the bottom
chords, which exhibited ductile behavior [11]. Lorenc fo-
cused on clothoid-shaped composite dowels of large-span
composite beams in bridge system and presented experi-
mental and numerical investigations on mechanical
mechanism of this kind of dowel. It was found that the
behavior of the clothoidal dowel strongly depended on the
anchorage of its upper part in the concrete body [12, 13].
Besides, Zhang et al. studied the vibration performance of an
innovative large-span U-shaped steel-concrete composite
hollow waffle slab. The research results of field testing and
theoretical analysis showed that larger vibration happens
along the long span with the same distance from the central
floor [14].

Recently, a composite large-span open-web floor system
consisting of I-shaped steel chords and steel tube webs
(COF: composite open-web floor) was applied in actual
projects, as shown in Figure 1. It is noteworthy that the COF
systems have exhibited good economic advantages under
conditions of large spans and heavy loads, which has
attracted the interest of many structural engineers and re-
searchers. Figure 2 shows the details of the composite floor
system, in which the bottom I-shaped steel chords are
connected by a steel square tube, and cross connectors are
welded on the inside of steel square tube for connecting the
webs of I-shaped steels. On the top and bottom of the steel
tube, steel plates are welded to the steel tube, which is used
for connecting the flanges of I-shaped steels and providing a
welding site for cheese head studs, respectively. After fab-
ricating the steel skeletons, the reinforcement meshes are
arranged on the top of the steel skeletons. Finally, the
concrete pouring is completed.
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For the COF system, the primary advantages can be
summarized as follows:

(1) The COF system has characteristics of large span,
high structural stiffness, and low structural thickness

(2) The space between the bottom chords and the top
slabs can accommodate ducts and pipes without
compromising the story net height

(3) The material consumption and structural weight of
COF system are lower than the traditional floor
system owing to the open-web formation

In the previous study, most of research works were
focused on the static behavior of the COF system [7].
Nevertheless, the research information on seismic behavior
of this kind of floor system is still limited currently. It should
be noted that the large-span structure has some special
dynamic characteristics, such as dense characteristic fre-
quencies and numerous vertical vibration modes [15, 16].
Therefore, long-span structures are sensitive to seismic ef-
fects, especially vertical earthquakes. Some studies showed
that the vertical ground motions cause significant amplifi-
cation in the moment demands of large-span horizontal
members, and the dynamic response induced by vertical
acceleration is much larger than the effect of dead load [17].
Moreover, the research on horizontal seismic response of
large-span floors also identified that significant vertical
acceleration and displacement responses can be induced by
horizontal seismic excitation, which leads to an amplifica-
tion of the vertical action effect of the structure [16]. To
promote the application of the COF system in practical
engineering, especially in high earthquake intensity regions,
it is necessary to conduct in-depth investigations on the
seismic behavior of the COF system. Therefore, this paper
presents the results of seismic research on the COF system;
the hysteretic behavior, failure mode, strength and stiffness
degradation, structural ductility, and energy dissipation
capacity of the COF system were analyzed. The results of this
work can provide references for applications of the COF
system in seismic regions.

2. Test Model for Verification

2.1. Test Model Description. To investigate the seismic be-
havior of COF systems and provide verification data for FE
simulations, one test specimen was designed and fabricated.
The dimensions of the COF specimen are plotted in Figure 3,
in which, the side length of the square steel tube is 50 mm,
the width of the flange and the web of the I-shaped steel is
30 mm, and the dimensions of steel plates welded on the top
and bottom of the steel tube are 90 mm x 90 mm. For all
shaped steel components, the wall thickness is 2 mm. In each
connection joint, eight M5 x 30-grade cheese head studs are
welded to the top surface of the steel plate. The diameter and
length of the cheese head stud are 5mm and 30 mm,
respectively.

Carbon structural steel Q235 was used for fabricating the
bottom I-shaped steel chords, steel tube webs, and steel
plates. The mechanical properties of steel were tested
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according to the standard GB/T 228-2002 [18]; the values of
the yield strength (f,) and elastic modulus (E;) are 241 MPa
and 215 GPa, respectively. Steel bars with the diameter of
4 mm were used as reinforcement meshes spaced by 40 mm.
The tested yield stress and the elastic modulus of the steel bar
are 255MPa and 208 GPa, respectively. Besides, the yield
strength of the cheese head stud is 400 MPa.

Fine aggregate concrete with the grade of C25 was used
for the top slabs. Portland PO32.5 cement, river sand with a
fineness modulus of 2.8, and fine gravel with a maximum
size of 5 mm were used for the preparation of concrete. The
mix proportion is listed in Table 1.

The concrete properties were tested according to
standard GB/T 50081-2016 [19], the average cubic com-
pressive strength f., is 26.2MPa (cube size:
150 mm x 150 mm x 150 mm), and the Young modulus is
27.7 GPa (prism size: 150 mm x 150 mm X 300 mm). Be-
sides, the axial compressive strength f. and tensile
strength f, are converted according to GB 50010-2010 [24].
The values of f. and f; are 17.5MPa and 1.84 MPa,
respectively.

2.2. Test Setup and Loading History. Figure 4 shows the test
site of the COF specimen. First, two concrete abutments
were fastened to the strong floor through steel anchors.
Then, the specimen was installed on the top of the abutments
using steel bolts. Finally, the load distribution beam was
fixed on the top of the specimen and connected to the
hydraulic actuator.

During the test, vertical cyclic loads were applied to the
test specimen to simulate earthquake action. The complete
process for vertical loading was divided into force control
and displacement control stages in accordance with the
cyclic seismic testing guidelines of ATC-24 [20], as shown in
Figure 5. During the force control loading stage, a single
cycle was applied to the specimen at each of the following
force levels: 0.25Py, 0.50Py, 0.75Py, and 1.0Py, where Py is
the yield force estimated from the FE analysis. When the
specimen entered the yield state, the displacement control
mode was adopted for loading. Three cycles were exerted at
the integer multiple of Ay, where Ay is the estimated yield
displacement corresponding to Py.

2.3. Failure and Hysteretic Curve. During the initial stage of
loading, no obvious cracks of the testing specimen were
visually observed, and the specimen was still in elastic state.
When the vertical tensile load was increased to approxi-
mately 10kN, bending cracks were observed on the upper
surface of the middle span of the concrete slab, and the crack
width was approximately 0.2 mm. Thereafter, some new
bending cracks were observed at the midspan of the concrete
slab, and the existing cracks continued propagating ac-
companied by the increasing vertical load. When the vertical
load increased to 20 kN, slight slip was observed between the
steel tube webs and the concrete slab at the end of the
specimen, which showed that the shear force of steel tube
webs was relatively large. When the applied load reached
about 30 kN, the maximum crack width was approximately

1.2 mm, and the bearing capacity of the specimen decreased
significantly with the increase of loading cycles. Finally,
bending damage of the concrete slab and slip between steel
tube webs and concrete slab led to the failure of the
specimen.

Figure 6 shows the load-displacement hysteretic curves
of the COF specimen. It is illustrated in Figure 6 that the
hysteretic curves presented the straight line shape without
distinct loops at the beginning of the loading, which indi-
cated that the specimen was in elastic state. Accompanied
with the increase of the applied load, the load-displacement
hysteretic curves gradually had nonlinear characteristics,
and the residual deformation generated when unloading.
After yielding of the COF specimen, the tensile and com-
pressive hysteretic curves showed a significant difference.
When the specimen was under tensile loading, the applied
load increased slowly, and the residual deformation was
huge. When the specimen was under compressive loading,
the applied load was rapidly increased, and the residual
deformation was relatively small.

3. Finite Element Models

3.1. General Description. The Dassault Systemes SIMULIA
Corp. developed a widely used finite element analysis (FEA)
software for simulating the nonlinear behavior of structures,
which is called ABAQUS [21]. Many scholars investigated
the nonlinear behavior of steel-concrete composite struc-
tures using ABAQUS, where the predicted results by
ABAQUS matched well with the experimental results
[22, 23]. In this study, the software ABAQUS was adopted to
investigate the mechanical behavior of COF systems and
conduct a parameter study on the aspect of seismic
performance.

3.2. Constitutive Models for Materials. The bilinear kine-
matic hardening model with a von Mises yield criterion and
an associated plastic flow rule of steel was used to simulate
the behavior of the steel materials. The hardening modulus
of the steel was assumed to be 0.01 Es, where Es is the elastic
modulus of the steel. Figure 7 shows the stress-strain re-
lationship for steel materials. As for concrete, the consti-
tutive model recommended by GB 50010-2010 [24] was
adopted, and the stress versus strain relationship of the
concrete is shown in Figure 8.

3.3. Element Types and Meshes. In the finite element (FE)
model, eight-node reduced integral format 3D solid element
(C3D8R) was used to simulate the concrete slab, four-node
shell element (S4R) was used to simulate the I-shaped steels
and steel tubes, and two-node truss element (T3D2) was
employed to simulate the reinforcement meshes and cheese
head studs. During the assembly of the FE components,
cheese head studs and steel plates were connected by using
the “coupling region” function, and all degrees of freedoms
were constrained. A surface-to-surface contact interaction
was employed at the surfaces of the steel plate and the
concrete slab, the normal behavior was defined as “hard



contact,” and the tangential friction coefficient was taken as
0.45 [25]. Finally, the reinforcement meshes and cheese head
studs were embedded in the concrete slab using the “em-
bedded region” function. In addition, the element size
should be considered for satisfying a good accuracy and a
reasonable computational time. In order to get a reasonable
mesh size, precalculation was conducted for the COF system.
It was found that a mesh size of 15 mm for the whole model
can get better results in simulation. Figure 9 shows the
typical component meshes for the COF specimen.

3.4. Verification of the Numerical Model. To verify the val-
idity of the numerical model, P-A skeleton curve of the COF
system calculated by the above FE model was compared with
the tested curve, as shown in Figure 10. It can be seen that the
elastic stiffness of the FE model is almost as same as that of
the test specimen. During the later stage of loading, the two
curves presented some differences. Compared with the test
results, the loading values of the FE model are slightly larger
in negative loading and slightly smaller in positive loading.
On the whole, reasonable accuracy has been achieved for the
FE model in predicting the structural response of the COF
system.

4. Analytical Results of FE Models

4.1. Description of FE Models. To further investigate the
seismic behavior of the COF system, several FE models with
different parameters were modeled and calculated. Among
them, the basic model was named as COF-1, and the in-
formation of the model was described as follows:

(1) The dimensions and details of the basic model are the
same as the test specimen, as illustrated in Figure 3

(2) The concrete grade of the top plate is C30, and the
corresponding axial compressive strength f. is 20.1
MPa

(3) The steel grades of the I-shaped steel, steel tube, and
connecting plate are Q235, and the corresponding
yield strength f, is 235 MPa

(4) The clearance between concrete slab and I-shaped
steel chord is 42 mm, and the total height of the COF
system is 110 mm

(5) The thickness of I-shaped steels, steel tubes, and
connecting plates is 2 mm, and the section sizes of all
section steel components are the same as those of the
test specimen

As for other FE models, COF-1, 2, and 3 are adopted to
investigate the effects of concrete strength on the seismic be-
havior of the COF system; the only difference among the three
is the concrete grade of the top plate. The concrete grades of
COF-2 and 3 are C35 and C40, respectively, and the corre-
sponding axial compressive strengths are 23.4MPa and
26.8 MPa. COF-4 and 5 are the same as COF-1 except for the
steel grade of section steels. Q345 and Q420 are used for the
section steels of COF-4 and COF-5, respectively, and the yield
strengths are 345 MPa and 420 MPa, respectively. Compared
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with COF-1, only the section steel thickness of COF-6 and 7 is
different; steel plate with a thickness of 1.5 mm and 2.5 mm are
used for COF-6 and 7, respectively. The only difference among
COF-1, 8, and 9 is the clearance between the concrete slab and
I-shaped steel chords; the clearance values of COF-8 and 9 are
22mm and 62 mm, respectively; namely, the total heights of
COF-8 and 9 are 90 mm and 130 mm, respectively.

4.2. Failure Process Analysis. Figure 11 shows the stress
development process of components of the COF-1 model;
the values were picked up from spots with maximum stress.
For steel components, the type of von Mises stress was
selected to reflect their stress changement; for concrete slab,
the type of stress S33 was selected to reflect its stress de-
velopment process. With the displacement of midspan in-
creased to +3.1 mm in the negative direction, the stress S33
of concrete slab was approximately 2.1 MPa, exceeding its
cracking strength. Accompanied by the increasing dis-
placement, the steel stress and concrete compressive stress
kept increasing. When the vertical displacement increased to
+9.6mm in the negative direction, the von Mises stress
values of the I-shaped steel, steel tube, and reinforcement
meshes are approximately 235MPa, reaching their yield
strength. It was also found that the I-shaped steel and steel
tube would be yielded at the displacement of —9.6 mm
whereas the reinforcement meshes would not. With the
vertical displacement increased to —16.4 mm in the positive
direction, the reinforcement meshes reached its yield
strength. Thereafter, the von Mises stress values of the
I-shaped steel and steel tube increased very slowly with the
further increase in the vertical displacement. When the
vertical displacement reached approximately —24.5 mm, the
stress S33 of concrete slab was approximately —20.1 MPa,
reaching its axial compressive strength, which means the
concrete was crushed. After that, the stress values of the
concrete slab and reinforcement meshes decreased quickly
owing to the concrete crushing on the top slab.

Figure 12 shows the stress states of all components under
vertical deflection of —10.8 mm. It can be seen that the structural
response of the COF system is remarkable at the locations of the
support and midspan. For the top reinforced concrete slab, the
phenomenon of stress concentration mainly occurs in the
position where the steel tube connects to the concrete slab. For
the steel tube, the closer the position to midspan, the smaller the
stress value of the steel tube. As for the bottom I-shaped steel
chords, the bottom flanges of the chords at the locations of the
support and midspan have a greater stress.

4.3. P-A Hysteretic Curves. The P-A hysteretic curves of all
FE models are shown in Figure 13. It is evident from
Figure 13 that the hysteretic curves presented the straight
line shape at the beginning of the loading. Accompanied
by the increasing displacement, the hysteretic curves
presented the shuttle shape, and the shape of hysteretic
curves became increasingly plump. On the whole, the
curves of all FE models are smooth and full, with no
obvious pinching phenomena.
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FIGURE 2: Details of composite floor system. (a) Overhead view. (b) Upward view. (c¢) Schematic view of joint.

For models with different parameters, the hysteretic
curves presented certain differences. Comparison of models
COF-1, COF-2, and COF-3 indicated that an increase in
concrete strength caused no significant change in hysteretic
curves, while it created a certain influence in structural
bearing capacity. Comparison of models COF-1, COF-4, and
COF-5 indicated that an increase in steel strength improved
the bearing capacity of the COF system, but reduced the
plumpness of the curves. Comparison of models COF-1,
COF-6, and COF-7 indicated that an increase in the
thickness of the section steel improved the bearing capacity
of the COF system and increased the areas of the hysteretic

loops. Furthermore, comparison of models COF-1, COF-8,
and COF-9 indicated that an increase in the clearance be-
tween concrete slab and I-shaped steel chord (an increase in
the total height of the COF system) improved the bearing
capacity of the COF system, but it seems that the area growth
of the hysteretic loops is limited.

4.4. Bearing Capacity. To evaluate the bearing capacity of
COF systems with different parameters, the applied loads at
displacements of +10.8 mm were taken as the bearing ca-
pacities of the structure. The reason of such choice is that the



(A? Concrete plate  I-shaped steel ~Square steel tube
¥ /\

Advances in Civil Engineering

Concrete plate Square steel tube

o Va— y ¢
l l | V [ T 1 - (1 I ) ] 2
l l l . l l [ = ! R 2
| R R AN N S | P I T T
{ { { { { { { - = ® T-shaped stee
[ U N U S A | | 360 | 360 J45
03 ) L] ot - o £
0 Dsso] 360 | 360 | 360 | 360 | 360 [[ 810
+ + + 550 + + *
(a) (®)
Cheese head stud $4@40
Concrete plate F -.I .
—a - o)
Square steel tube : _.: 5 U
) 10 -

[EE— (T —
J §
o
20 50 20 o

I-shaped steel

FIGURE 3: Dimensions of COF test specimen. (a) Floor plan of specimen. (b) A-A section. (c) Details of joint.
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FIGURE 4: Test setup photograph.

displacements of +£10.8 mm are about 1/200 of the structural
span length, which are the limit values for normal use of
structures. Figure 14 shows the comparison on the bearing
capacity of different COF systems. It can be seen that the
bearing capacities of structures in the negative direction are

smaller than those in the positive direction. For the structure
with different concrete grades, when the axial compressive
strength of concrete increases from 20.1 MPa to 23.4 MPa,
26.8 MPa, the bearing capacity in the positive direction is
found to increase by 5.7% and 9.3%, respectively; the bearing
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capacity in the negative direction is found to increase by
0.4% and 4.4%, respectively. Thus, it can be seen that the
concrete grade has little impact on the bearing capacity of
the structure. The steel grade has a great impact on the
bearing capacities of the COF systems, especially for the
bearing capacities in the positive direction, as seen in
Figure 14(b). When the yield strength of section steels in-
creases from 235MPa to 345MPa, 420 MPa, the bearing
capacity in the positive direction is found to increase by
13.5% and 18.5%, respectively; the bearing capacity in the
negative direction is found to increase by 1.6% and 6.7%,
respectively. Figure 14(c) shows the effects of the section
steel thickness on the bearing capacities of COF systems. The
comparisons of the bearing capacities show that the section
steel thickness has a remarkable effect on the bearing ca-
pacities. When the thickness of section steels increases from
1.5mm to 2.0mm, 2.5mm, the bearing capacity in the
positive direction is found to increase by 14.7% and 43.7%,
respectively; the bearing capacity in the negative direction is
found to increase by 24.8% and 47.5%, respectively.

Figure 14(d) shows the comparisons of the bearing ca-
pacities of COF systems with different structural heights; the
clearance between the concrete slab and I-shaped steel chords
for COF-1, COF-8, and COF-9 is 22 mm, 42 mm, and 62 mm,
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respectively. It can be seen from Figure 14(d) that the bearing
capacity increased with increasing the structural height. When
the clearance increases from 22 mm to 42 mm, 62 mm, the
bearing capacity of the COF system in the positive direction is
found to increase by 4.9% and 11.2%, respectively; the bearing
capacity of the COF system in the negative direction is found to
increase by 12.5% and 14.3%, respectively.

4.5. Stiffness Degradation. The stiffness degeneration of a
structure with respect to the increment in the displacement
is an important index for assessing the structural seismic
performance [25]. For the COF system studied in this paper,
the structural response is inconsistent in the positive and
negative directions. Hence, stiffness degradation in two
directions needs to be analyzed. The stiffness degradation
coefficient K can be used to evaluate the degeneration of the
structural stiffness [4], which can be expressed as
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conclusions can be drawn from Figure 15:



Advances in Civil Engineering

5
P Crackin
: 0
5~
<
[=9}
-10 =
-15 °©
-20
-25
40
A (mm)
Reinforcement —— Steel tube
—— I-shaped steel —— Concrete

FIGURE 11: Stress development process of components.

Stress concentration

AN

Concrete slab

I-shaped steel

FIGURE 12: Stress states under vertical deflection of —10.8 mm.

system. Although the initial stiffness of the COF system
with different steel grade is almost the same, the
stiffness degeneration degree of the structure increased
with the decrease of steel strength.

The influence of the thickness of section steels on the
stiffness degeneration of the COF system is most remarkable.
The smaller the thickness of the section steel is, the weaker
the structural initial stiffness is. Further, more significant
stiffness degeneration was observed in the COF system with
thicker section steels.

For COF systems with different structural heights, the
initial stiffness of the structure increased with the increase of
structural height. Nevertheless, the stiffness degeneration
degree of COF systems with different structural heights is
similar.

4.6. Energy Dissipation. The energy dissipation capacity of a
structure is also an important index to evaluate the seismic
performance of the structure. The energy dissipation E can
be defined by the area of hysteretic loops. In order to
quantify the energy dissipation of the COF system, the
accumulated dissipated energy of all analyzed models was
calculated, as illustrated in Figure 16. The following ob-
servations can be drawn:

The concrete strength of the top slab makes little in-
fluence on the energy dissipation of the COF system, as
illustrated in Figure 16(a). When the strength of the
applied concrete increased, the energy dissipation
ability of the COF system is improved slightly. Taking
the displacements of +32.4mm as the failure dis-
placements of the structure, the failure displacements
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FIGURE 13: P-A hysteretic curves.

are about 1/66 of the structural span length. When the
concrete strength of the top slab increases from
20.1MPa to 23.4MPa, 26.8 MPa, the accumulated
dissipated energy of the COF system at failure is found
to increase by 7.2% and 8.2%, respectively.

For section steels with different steel grades, the com-
parisons of the accumulated dissipated energy of COF
systems were given in Figure 16(b). It can be found that
the steel grade of section steels has an important in-
fluence on the accumulated dissipated energy of the
COF system. The accumulated dissipated energy of the
structure decreased with increasing the steel strength at
the same displacement level. When the steel strength of
section steels increases from 235MPa to 345MPa,
420 MPa, the accumulated dissipated energy of the COF

system at failure is found to decrease by 13.8% and
25.3%, respectively. A possible reason for these changes
is that the plastic development of high-strength steel is
relatively small during the loading process. Hence, the
COF system with high-strength section steels showed a
low accumulated dissipated energy.

The most remarkable effect on the accumulated dis-
sipated energy of the COF system was the thickness of
section steels, as illustrated in Figure 16(c). When the
section steel thickness increased, the energy dissipation
ability of the COF system is improved significantly.
When the thickness of section steels increases from
1.5 mm to 2.0 mm, 2.5 mm, the accumulated dissipated
energy of the COF system at failure is found to increase
by 15.1% and 32.3%, respectively. The reason for this
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change is that the COF system with thicker section
steels has higher bearing capacity, resulting in a larger-
area hysteretic loop. Hence, the energy dissipation
ability of the COF system is also relatively stronger.

Figure 16(d) shows the accumulated dissipated energy
of COF systems with different structural heights. From
the figure, it can be seen that the accumulated dissi-
pated energy is almost the same during the loading
process, especially in the early stage of loading. Only a
slight difference is observed in the later stage of loading.
When the structural height increases from 90 mm to
110 mm, 130 mm, the accumulated dissipated energy of
the COF system at failure is found to increase by 1.0%
and 5.6%, respectively. Hence, the structural height has
little influence on the energy dissipation.

5. Summary and Conclusions

In this paper, the seismic behavior of a composite large-
span open-web floor system consisting of I-shaped steel
chords and steel tube webs (COF) was investigated
through experimental study and FE modeling. The effects
of the concrete strength, steel strength, thickness of
section steels, and structural height were studied.
According to the test results and numerical analysis, the
research findings obtained may be summarized within the
limitation of the study:

(1) Based on the test results of the COF specimen, the
bending damage of the concrete slab and slip be-
tween steel tube webs and concrete slab led to the
failure of the specimen. As a whole, the measured
load-displacement hysteretic curves of the specimen
are comparatively plump and full, which indicated
that the COF system has a good seismic behavior.

(2) The effects of the steel strength, section steel thick-
ness, and structural height on the load-displacement
hysteretic curve are proved to be significant. How-
ever, the comparison of COF systems with different
concrete strength indicated that an increase in
concrete strength caused no significant change in
hysteretic curves.

(3) The bearing capacities of COF systems in the positive
direction are generally greater than those in the
negative direction. Increasing the concrete strength,
steel strength, section steel thickness, and structural
height can lead to an increase in the bearing capacity
of structures without exception. Among them, the
most significant impact parameter is the thickness of
section steels.

(4) The study of the stiffness degradation of COF systems
shows that the concrete strength and structural height
have no significant impact on the stiffness degradation
of the structure. However, the influence of the steel
strength and section steel thickness on the stiffness
degeneration of the COF system is most remarkable.

(5) The concrete strength and structural height make little
impact on the energy dissipation of the COF system.
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Nevertheless, the influence of the steel strength and
section steel thickness on the energy dissipation is re-
markable; the accumulated dissipated energy of the COF
system decreased with increasing the steel strength and
increased with increasing the thickness of section steels.
When the steel strength increases from 235MPa to
420 MPa, the accumulated dissipated energy is found to
decrease by 25.3%. When the section steel thickness
increases from 1.5mm to 2.5mm, the accumulated
dissipated energy is found to increase by 32.3%.

Although the scaled model of the COF system has been
tested, the size of the sample prepared for the test is relatively
small, and the number of the tested specimens is not high
enough; this may lead to the deviation of the research results.
For subsequent studies of the COF system, more influence
factors should be considered in experimental programs, such
as the dimensions of the test specimens, the connection types
of the structures, and the supporting conditions of the COF
system.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Additional Points

An experimental study was conducted to investigate the
seismic behavior of the COF system. A finite element
analysis model was developed to simulate the seismic per-
formance of the COF system. A parametric study was
conducted to investigate the influence on seismic behavior.
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