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Vibration performance of composite steel-bar truss slab with steel girder
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Abstract. In this study, on-site testing was carried out to investigate the vibration performance of a composite steel-bar truss
slab with steel girder system. Ambient vibration was performed to capture the primary vibration parameters (natural frequencies,
damping ratios, and mode shapes). The composite floor possesses low frequency (< 10 Hz) and damping (< 2%). Based on
experimental, theoretical, and numerical analyses on natural frequencies and mode shapes, the boundary condition of SCSC (i.e.,
two opposite edges simply-supported and the other two edges clamped) is deemed more reasonable for the composite floor.
Walking excitations by one person (single excitation), two persons (dual excitation), and three persons (triple excitation) were
considered to evaluate the vibration serviceability of the composite floor. The measured acceleration results show a satisfactory
vibration perceptibility. For design convenience and safety, a crest factor S, describing the ratio of peak acceleration to root-
mean-square acceleration induced from the walking excitations is proposed. The comparisons of the modal parameters
determined by ambient vibration and walking tests reveal the interaction effect between the human excitation and the composite
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floor.
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1. Introduction

In recent years, the composite steel-concrete system has
been widely used in buildings (Ferrer et al. 2018, Gou et al.
2018, Hadjioannou et al. 2018, Kataoka et al. 2017, Kimani
and Kaewunruen 2017, Kyvelou et al. 2018, Quang et al.
2018, Wang 2005), infrastructures, footbridges (Gonilha et
al. 2014), and bridges (Madrazo-Aguirre et al. 2015), as the
longer span and lighter structural form has become a trendy
design choice. The composite steel-bar truss slab (CSTS)
with steel girder system shown in Fig. 1 is one kind of
novel composite structures, which includes the slab
consisting of a steel truss system (JG/T 368-2012 2012)
with top, bottom and web reinforcing bars (Fig. 1(a)),
baseplate, and steel girder (Fig. 1(b)).

In reviewing the relevant literature, the CSTS system
has the following advantages (Colajanni et al. 2017, Wang
et al. 2015, 2016, 2017b):

(1) Reasonable stress level and good economy;

(2) Suitable for long-span floor systems and
convenient for construction;

(3) Reduction in construction time and labor cost; and

(4) Good crack and fire resistances.

Applications of the CSTS system can be extended to
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school buildings, movie theaters, prefabricated buildings,
and industrial factories. Some issues concerning the static
and dynamical performances of the CSTS system have been
studied, including cracks and bearing capacity (Li et al.
2012), fire resistance (Wang et al. 2015), short-term rigidity
(Cheng et al. 2013), structural failure (Huang et al. 2005),
shear connection capacity (Colajanni et al. 2017), and
seismic behavior (Wang et al. 2017a). However, it has been
known that the design of a long-span and light structure
(e.g., CSTS with steel girder) is often governed by a
serviceability requirement rather than the strength one (Van
Nimmen et al. 2017, Zhou et al. 2016). One of the
important serviceability requirements is the acceptance/
perception of the vibration caused by human activities
(Votsis et al. 2017, Nguyen et al. 2012) such as walking,
running, and aerobics dancing, which should be considered
to prevent the functionality of the structure from being
compromised by excessive vibrations. This issue has not
been fully understood for a CSTS with steel girder.
Vibration serviceability problem may arise if the vibration
amplitude is beyond a certain limit, annoying the occupants
and affecting the vibration-sensitive equipment. Hence, a
further investigation on human vibrations in the CSTS with
steel girder is warranted. Specifically, the modal parameters
and acceleration response were examined.
The objectives of this study are:

® To analyze the data measured from ambient
vibration and then to ascertain the modal parameters
and boundary conditions;

e To analyze the data measured from walking
vibrations (including single, dual, and triple
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Fig. 1 Diagrams showing the composite steel-bar truss slab with steel girder (unit: mm)

excitations) and then to evaluate the vibration
serviceability;

® To compare the modal parameters obtained from the
ambient and walking vibrations and to verify the
human-structure interaction effect;

® To propose the crest factor 5y, for calculating the
root-mean-square (RMS) acceleration.

2. Description of prototype floor and
accelerometer layout

In-situ test is a practical way to study the vibration
performance of the CSTS with steel girder under human
daily activities and to determine its dynamic properties
(Chen et al. 2014, Fahmy and Sidky 2012). The
investigated CSTS with steel girder in this study was
intended to be used in meeting rooms, which locates in
Yongchuan, Chongging, China. The CSTS with steel girder
had been designed to meet the usual building requirements
including structural safely, fire resistance, and maximum
deflection. The structural arrangement and cross section of
the investigated composite floor is shown in Fig. 2, and the
on-site view of the composite floor is shown in Fig. 3. The
thickness and material specification for the steel-bar truss
slab are listed in Table 1 and the detailed cross sections and
yield strength for H-shaped steel girders are indicated in
Table 2. The elasticity modulus of concrete is 3.00x10*
MPa. The composite floor was completed prior to the
installation of any nonstructural component (e.g., ceiling,
duct, mechanical equipment, and partition).

Fig. 2(a) shows the schematic accelerometer locations
along with a coordinate system used to obtain the dynamic
characteristics and vertical acceleration response of the

Table 1 Thickness and material specification for the steel-
bar truss slab

Web bar
A4.5

Bottom bar
C8

Thickness (mm)
120

Top bar
C10

Table 2 Detailed cross sections and yield strength for the H-
shaped steel girders

Stﬁiln%g?,er Cross section (mm) Ylel(d,\;’tjrs)n gth
BO1 HN175%x90x5x8
B02 H650%220x10x 16
B03 H500x120x8x10 345
B04 H500x150x8x 12
B05 H900x200x10x 16
B06 H650/900/650x 240% 10x 20

composite floor, where A; (i = 1-8, j = 1-9) represents the
jth accelerometer location for the ith test. From the figure, it
is known that 72 accelerometers would be needed for one-
off measurement. However, the monitoring system used in
this study consists of only ten accelerometers DH610V
ranging +5 g maximum (g being the gravitational accelera-
tion) and a data acquisition system DH5922N (Fig. 3). To
overcome the problem, the accelerometers were utilized
eight times and the measurement point A;s was selected as
the stationary location at all time. For example, after the
first measurement, the accelerometers were moved from Ay
to Ay (j = 1-9). The data acquisition system was used to
sample all the results collected from these accelerometers at
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Fig. 2 The structural arrangement and cross section of composite floor and layout of accelerometers (unit: mm)
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(c) Data acquisition system DH5922N

Fig. 3 The on-site view of CSTS with steel girder and
measurement apparatus

1000 Hz. Before each formal test procedure, a preloading
was performed to determine an appropriate acceleration
range for recording the acceleration response.

3. Modal analysis

To ascertain the important parameters of assessing the
vibration serviceability, i.e., natural frequency, mode shape,
and damping ratio, the ambient vibration method is needed.
For an arbitrary row of accelerometers (Ai; — Ay, i = 1-8),
the duration time is 300s. The enhanced frequency domain
decomposition (EFDD) method has been used to processes
the test data (Altunisik et al. 2011, Pioldi and Rizzi 2018).

The first three vertical mode shapes of the composite
floor are shown in Fig. 4 and the measured natural
frequencies and damping ratios for the first three vibration
modes are summarized in Table 3. As noted, these
frequencies are less than 10 Hz, indicating that the
composite floor is relatively flexible (Smith et al. 2009).
The measured critical damping ratio for the composite floor
is 2.00% which is consistent with the value suggested by
the AISC (Murray et al. 2016).

(a) First mode shape

(c) Third mode shape
Fig. 4 The first three mode shapes of composite floor

Table 3 Measured natural frequencies and damping ratios of
the composite floor for the first three vibrations

modes
The ith mode  Natural frequencies (Hz) Damping ratio (%)
1 5.31 2.00
2 6.59 0.50
3 9.46 0.60

4. Boundary conditions

Both numerical and theoretical methods were used to
determine a reasonable boundary condition for the
composite floor. In the numerical simulation, the entire
structural system (Fig. 5) was modeled, in which C3D20
element (20-node quadratic brick) available in ABAQUS
program were used and the total number of element is
25484, In the theoretical analysis, the composite floor was
idealized as an orthotropic plate (Zhang et al. 2017), where
the ith natural frequency f; can be determined by the
Rayleigh principle (Timoshenko and Woinowsky-Krieger
1959)
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Fig. 5 3D model for the composite floor

Notes: 1. The lenath of boundarv (1) and 3 is 18 m:
2. The length of boundary @ and @ is18.6 m

Table 4 agi, asj, azi, and ag; coefficients

Boundary condition i Ogi o Oii 03
1 22373 1.000 1.000 0.605
Cccc 2 22373 7599 1.000 2.264
3 22373 29.204 1.000 5.402
1 9.870 5138 1.000 2.493
SCSC 2 9.870  39.047 1.000 9.332
3 9.870 150.064 1.000 22.270

*Notes: SCSC: two opposite edges simply supported and the other
two edges clamped; CCCC: all four edges clamped

1 ay D,
fi=o e \E\/ i C4+a2,D o3 (1)

where C = a/b with a = plate width and b = beam span; D,
and D, are the plate stiffnesses in x and y directions,
respectively; Dz is the combined rigidity; and qo is the
weight per unit area of the plate; and o, o, azi, and az; are
the coefficients depending on the boundary condition (Table
4). It should be noted that the boundary conditions listed in
Table 4 are in accordance with the convention defined in
Fig. 6 and that the vibration mode functions for boundary
conditions “CC” and “SS” are described in Table 5.
According to the literatures (Smith et al. 2009,
Timoshenko and Woinowsky-Krieger 1959) and Fig. 2(a),
the coefficients D, D,, D3 and qq in Eq. (1) were determined

0(0, 0) ®
3
ol ®
@
¢ X
(a) Boundary symbol
009
y
X
(b) CSCC

Fig. 6 The naming conventions on the boundary condition
of the composite floor

as 4.32x10° N-m, 5.01x10° N-m, 4.46x10° N-m, and
3658.90 N/m?, respectively. Table 6 lists the first three
natural frequencies obtained analytically and numerically
under different boundary conditions and the errors with the
measured values (Table 3). Considering the beam-slab
stiffness ratio and the effect of adjacent structure (Zhou et
al. 2017), the boundary condition of “CCCC” or “SCSC”
was assumed first for the composite floor. The mode shape
of the composite floor with SCSC edges are shown in Fig.
7. As noted, under the boundary conditions “CCCC” the
error from either the analytical or the finite element method
is quite high. While, under the boundary condition “SCSC”
the error is relatively small and both methods yield virtually
the same results. Consequently, the boundary condition
“SCSC” is deemed more reasonable in performing a
theoretical or numerical vibration analysis.

Table 5 Vibration mode functions for boundary conditions “CC” and “SS”

Kk
Boundary condition Vibration mode function 2’ > Coefficient y;
J
l(—L—)| 2n jn
cC W, (z) =sink.z = fuidd i .
3 i ’i” j i L L
sC 3 L o Wi@=sinkz-sinhkiz 47300 78532 (2j+nn  sinkL-sinhkL
3 S —7;(cosk;z—coshk;z) L L 2L cosk;L —coshk;L
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(b) Second mode shape

(a) First mode shape

(c) Third mode shape

Fig. 7 The first three mode shapes of composite floor with SCSC edges

In order to further illustrate the suitability of boundary
condition “SCSC”, the modal assurance criterion (MAC)
(Eq. (2)) (Xiong et al. 2018, Yashar et al. 2018) was
adopted to analyse the correlation among the experimental,
analytical, and numerical mode shapes.

~ |2

_ |¢'T¢J| )

b7 4)

where ¢; and J)j represent the ith and jth (i=j =1, 2, 3)

experimental and theoretical/numerical mode shapes,
respectively.

Table 7 lists the MAC values for the ith mode shape.
The table results indicate that both the theoretical and
numerical mode shapes agree well with experimental
results.

Based on the above analysis, the reasonable boundary
condition of SCSC (i.e.,, two opposite edges simply
supported and the other two edges clamped) is confirmed to
be reasonable for the composite floor.

Table 6 The analytical and numerical natural frequencies
under different boundary conditions and their errors
with the measured values

Error with
measured value (%)

The ith natural

Boundary Method  frequency (Hz)

condition

1 2 3 1 2 3

Theory 12.0 125 138 126 89.7 459
996 106 127 87.6 605 34.2

CCCC

Theory 545 638 862 264 319 8.87
553 6.89 953 414 455 074

SCSC

Table 7 MAC values for the ith mode shape
The ith mode shape

Direction Method
1 2 3
Theory 0.987 0.915 0.994
All'A81
FE 0.993 0.915 0.994
Theory 0.974 0.974 0.963
A41'A49
FE 0.973 0.976 0.967

5. Walking excitations

Human-induced vibration could be very complex,
involving the magnitude of motion, surrounding
environment, and human’s perceptibility. A continuous
steady-state motion may cause an annoying vibration. So, a
series of walking tests were performed to estimate the
vertical acceleration response and modal parameters of the

Starting point Ago
IS

| ] 40 L

E A A B

Starting point Ao
=

] V _AAc L
(b) Dual excitation (walking route Asg-Ass-As1)

[ As1o

Starting point Aso
=

] Ao X304, | .
(c) Triple excitation (walking route Asg-Ass-As1)

Fig. 8 The walking route for triple excitation (route Ase-
Ays-Ayq, UNit: mm)
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composite floor. To better understand the vibration
performance, the following three forms of steady-state
excitations were considered: single excitation (done by one
tester), dual excitation (done by two testers), and triple

¥
)
(

(a) Single excitation

(c) Triple excitation

Fig. 9 The on-site views of walking excitations (mm)
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(a) The raw data

excitation (done by three testers).

For the single excitation, three different persons
Welghted at 50 kg (le)l 56 kg (NmZ)l and 74 kg (Nm3)
respectively were considered. Starting from A (i = 4, 5, 6),
each tester walked along the following routes repeatedly for
a duration of 3 minutes: Aig—Ais—Ai—Ais—Ag—..., for
example when i = 4, the route is shown in Fig. 8(a). For the
dual excitation, the combinations of testers are indicated in
Table 9. Starting from Ajg (i = 4, 5, 6), two testers spaced at
60 mm walked along the following routes repeatedly for
duration of 3 minutes: Aig—Ais—Aii—Ais—Aig—..., for
example when i = 4, the route is shown in Table 8(b). For
the triple excitation, starting from Ay (i = 4, 5, 6) in turn,
each tester spaced 1000 mm from previous tester walked
along the following routes repeatedly for a duration of 3
minutes: Aic—Ais—Ail—Air.0—Aig.0—A— . ., and it should
be noted that the distance between Aj; o (or Ajg.o) to Ay (Or
Ajg) is 1000 mm, for example when i = 4, the route is shown
in Fig. 8(c). Normal walking frequencies were recorded
using a video device, Vidicon, as summarized in Tables 8, 9,
and 10 for the three kinds of excitation, respectively. The
on-site walking tests are shown in Fig. 9.

Table 8 The walking frequencies under single excitation

(H2)
. Walking route
Exciter
Ay-Ass-Asr AsoAssAst AgerAss-Asy
N1 1.80 1.80 1.80
N2 1.90 1.90 2.00
N3 1.80 1.65 1.80

Table 9 The walking frequencies under dual excitation (Hz)

Walking route

Exciter
Asg-Ass-Asr Asg-AssAst  AsgrAss-Ast
Nm1 and Ny 1.90 1.80 1.90
Nm1 and Nps 1.85 1.85 1.85
Nm2 and Nps 1.90 1.85 1.80
0.08

——Acceleration response
——RMS acceleration

o
o
=

Acceleration (m/s?)
S o
g 8

-0.08 L L L L L
0 30 60 90 120 150 180

Time (s)
(b) Denoised data

Fig. 10 The acceleration response of the composite floor
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Table 10 The walking frequencies under triple excitation

Table 12 The peak and RMS accelerations at each

(Hz) measuring point along route As;-Ase (x102m/s?)
. Walking route Single Dual
Exciter Measure -
Asg-Ass-Asr AsgAss-Ast Agg-Ags-Ast point Nyt Nop  Nog Nin1 and Ny and Ny, and Triple
m m m:
Nirg, Nig and Nipg 1.80 1.80 1.70 Nmz ~ Nmg  Nng

5.1 Vibration serviceability evaluation

The response of the composite floor was evaluated in
terms of peak and RMS accelerations. Although the peak
acceleration is the highest acceleration resulting from an
excitation, it gives no indication as to the duration of time
that the system is subjected to this level of acceleration. In
contrast, the RMS acceleration represents the average
measurement of an acceleration-time history, as expressed
by Davis et al. (2014) and Sa et al. (2017)

0= £330 ©

where am(t) is the rolling RMS acceleration at time t; N is
the number of acceleration data points measured between t-
1 and t+1; and a;(t) is the ith acceleration data point.

To improve the reliability of the results, Daubechies
wavelet method (Jimenez-Alonso et al. 2014, Mokhtari and
Mirdamadi 2018) was adopted to remove the noise from the
raw data. The comparison between the raw and denoised

Table 11 The peak and RMS accelerations at each
measuring point along route As;-Asg (x10m/s?)

Single Dual

Ny and Ny and N, and Triple
Nm2 Nm3 Nm3

Au Peak 3.67 5.76 534 7.17 6.85 771  6.80
RMS 110 149 189 297 2.58 3.67 347
Peak 3.48 522 6.14 6.47 1115 711 735
RMS 130 148 3.02 2.68 2.63 321 356
Peak 3.43 814 7.72 526 11.76 549 8.68
RMS 147 221 473 217 2.38 3.00 515
Peak 4.17 9.63 891 452 1346 556 10.16
RMS 154 1.78 573 2.00 3.33 290 6.36
Peak 3.46 6.97 8.22 4.66 8.34 532 11.69
RMS 134 145 541 2.07 2.03 248 598
Peak 4.65 801 7.74 493 1261 6.60 17.26
RMS 117 1.70 496 2.36 2.60 288 544
Peak 2.86 5.04 532 4.95 6.54 497 755
RMS 0.74 128 317 257 1.74 227 347
Peak 6.35 5.60 585 325 1282 466 101
RMS 1.13 174 159 1.04 2.72 127 186
Peak 599 6.30 344 2.09 8.23 202 267
RMS 0.65 185 044 0.23 1.57 035 0.32

Measure
pomt le Nm2 Nm3

A Peak 3.10 345 889 6.10 776 7.61 10.43
RMS 156 139 580 298 397 376 6.48
Peak 237 387 514 360 450 6.12 7.08
RMS 116 139 203 166 239 279 246
Peak 226 3.73 509 4.03 487 549 592
RMS 118 133 233 197 254 245 271
Peak 2.63 284 641 474 504 552 926
RMS 126 099 386 238 286 267 4.42
Peak 261 313 727 497 591 589 850
RMS 133 108 463 253 324 293 521
Peak 235 266 6.75 454 582 572 779
RMS 1.18 105 438 225 299 285 488
Peak 3.18 334 797 413 548 6.03 846
RMS 1.05 114 395 204 270 275 441
Peak 2.04 247 483 321 403 499 542
RMS 068 093 252 132 173 206 283
Peak 2.17 3.01 386 259 298 279 383
RMS 034 071 121 064 088 110 137
Peak 124 231 169 101 081 118 471
RMS 010 020 016 021 014 012 031

data are shown in Fig. 10. The peak and RMS accelerations
(typical example shown in Fig. 10(b)) of the composite
floor due to the walking excitations along the various routes
are listed in Table 11, 12, and 13, respectively. From these
tables, the maximum peak and RMS acceleration are found
to be approximately equal to 17.26x10% m/s* (= 1.76%g)
and 6.48x102 m/s® (= 0.66%g), respectively. All the RMS
accelerations indicated in Tables 11-13 are below the
vibration acceptability limit of 1.5%g specified in the AISC
(Murray et al. 2016).

Table 13 The peak and RMS accelerations at each
measuring point along route Ag;-Age (x10?m/s?)

Single Dual

Ny and Ny and Ny, and Triple
Nmz Nm3 Nm3
A Peak 3.10 3.20 9.47 5.75 6.53 6.40 9.81
RMS 139 1.72 6.22 250 3.78 371 643
Peak 2.20 2.07 410 3.71 4.62 424 552
RMS 0.76 095 117 146 1.60 1.59 191
Peak 256 232 5.05 4.23 4.85 410 4.68
RMS 0.81 097 223 155 1.82 1.80 210
Peak 2.53 2.07 560 351 4.08 411 5.68

RMS 0.88 1.03 3.57 175 2.26 219 3.60

Measure
pomt le NmZ Nm3
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Table 13 Continued

Single Dual

Nps and Npsand Ny and Triple
Nm2 Nm3 Nm3

Measure
pOI nt le Nm2 Nm3

o Peak 232 237 695 413 498 503 679
“ RMS 096 1.20 430 184 265 258 444

Peak 222 219 645 3.82 4.75 404 645
RMS 0.94 112 403 1.63 2.43 240 416

Peak 2.45 3.07 597 4.42 4.81 418 6.69
RMS 091 1.01 359 143 2.14 216 3.72

Peak 241 220 3.94 4.12 4.07 3.50 455
RMS 0.69 0.66 2.28 1.00 1.37 140 237

Peak 2.24 1.76 4.03 3.67 4.63 3.02 3.00
RMS 0.48 0.38 1.12 0.68 0.75 073 120

585

Table 15 g, factors corresponding to the walking on the
composite floor along route As;-Asg

Single Dual

Np and Np; and Ny and  Triple
Nmz Nm3 Nm3

Aps 199 248 153  2.05 1.95 2.02 1.61
As; 204 278 253 217 1.88 2.19 2.88
As; 192 280 218 2.05 1.92 2.24 2.18
As; 209 287 166 1.99 1.76 2.07 2.10
Asg 196 290 157 1.96 1.82 2.01 1.63
Ass 199 253 154 202 1.95 2.01 1.60
Ass  3.03 293 202 202 2.03 2.19 1.92
As;  3.00 266 1.92 243 2.33 242 1.92
Asg  6.38 4.24 319 4.05 3.39 2.54 2.80

Measure
pOI nt le Nmz NmS

Peak 0.13 142 134 1.04 2.87 154 0.53
RMS 0.03 0.13 035 0.19 0.31 025 0.12

Table 14 f,, factors corresponding to the walking on the
composite floor along route Ag;-Agg

Single Dual

Nyy and No; and N, and Triple
Nm2 Nm3 Nm3

Measure
p0|nt le Nm2 Nm3

Ay 334 387 283 241 2.66 210 1.96
Ay 268 353 203 241 4.24 221  2.06
Ay 233 368 163 242 4.94 183 1.69
Ay 271 541 155 226 4.04 192 160
Ags 258 481 152 225 411 215 195
A 397 471 156 209 4.85 229 317
Ay 3.86 394 168 1.93 3.76 219 218
Agg 5.62 322 368 3.13 4.71 3.67 543
Agg 9.22 341 7.82 9.09 5.24 577 834

Table 16 S, factors corresponding to the walking on the
composite along route Ag-Agg

Single Dual

Npzand Np; and Nppand Triple
Nmz Nm3 Nm3

Ay 223 186 152 230 1.73 1.73 1.53
Ag; 289 218 350 254 2.89 2.67 2.89
As; 316 239 226 2.73 2.66 2.28 2.23
Ag; 288 201 157 201 1.81 1.88 1.58
Agy 242 198 162 224 1.88 1.95 1.53
Ags 236 1.96 1.60 2.34 1.95 1.68 1.55
Ags 269 3.04 166 3.09 2.25 1.94 1.80
Ag; 349 333 173 412 2.97 2.50 1.92
Ags 467 463 3.60 5.40 6.17 4.14 2.50

Measure
pomt le Nm2 Nm3

5.2 Crest factor B,

The RMS acceleration is usually used to assess the
vibration serviceability (Murray et al. 2016). The
determination of RMS accelerations involves a tedious
calculation process which is inconvenient to engineers. This
study proposes a crest factor By, as describing by Eq. (4), to
facilitate the calculation of RMS accelerations.

Apeak
ﬂrp = aea

rms

(4)

Based on the Grubbs’ criterion contained in GB/T 4883-
2008 (2008), individual g, factors and the average value
under a detection level a, = 0.05 can be obtained, as
summarized in Tables 14-17. For design convenience and
safety, f, = 2.03 is suggested.

Table 17 Average f,, factors for different walking
excitations on the composite floor

Single excitation Dual excitation Triple excitation
2.74 2.79 2.03

6. Effect of human-structure interaction

The modal parameters of the composite floor can also be
determined by the walking excitations. The natural
frequencies and damping ratios determined by the walking
excitations are listed in Table 18. Comparisons of the mode
shapes obtained by the ambient vibration and walking tests
are presented in Figs. 11-13. The table and figures show that
the modal parameters determined by the ambient vibration
and walking excitations are not exactly the same. Some
significant differences are noted. The main reason for this is
that the walk behaviour of a person will influence the
vibration characteristics of a long span and light-weight
floor (Shahabpoor et al. 2016), i.e., having the effect of
human-structure interaction.
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Table 18 Modal properties of the composite floor under

different excitations
Single Dual
The ith modal Nz Npz N Triple
parameter Npi Nm Nps and and  and
Nm2 Nm3 Nm3
1 531 537 528 537 531 531 519
Fre(qﬁze)”cy 2 656 656 656 656 656 656 656
3 946 937 943 943 940 943 931
) 1 100 260 200 110 200 120 210
Damping 5 549 05 100 080 120 040 050
ratio (%)
3 090 130 080 040 200 090 200
1.00 ﬁ!<»0§%
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g
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Fig. 11 Comparison of the first vertical mode shapes for the
composite floor under different excitations
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Fig. 12 Comparison of the second vertical mode shapes for
the composite floor under different excitations

7. Influence factor of interaction effect

To discuss the influence of sectional dimension on
interaction effect, theoretical methods were used. Detailed
derivation process for the analytical solution are shown in
literature Cao 2017. The cross section of composite
floorconsidered in this section are the same as the
investigated floor shown in Fig. 2, and only the length and
span (listed in Table 19) are changed. The acceleration
induced be walking with interaction and without it are listed
in Table 20. From the table, it demonstrates that the
interaction effect will increase the acceleration response,
and with the increasing stiffness of the composite floor, the
interaction effect gradually decreases.
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Table 19 The structure parameters of the composite floor

Length (m) 18 225 27

Span (m) 18 18 18
Uniform load (N/m?) 3481.3  3496.48 3506.79

Natural frequency f; (Hz) 5.61 5.50 5.45

Table 20 The peak acceleration of the composite floor with

interaction and without it

Length (m) 18 22.5 27

Span (m) 18 18 18
Peak acceleration Interaction 4.40 3.00 2.10
(x10”2m/s?) Non-interaction ~ 4.14 2.80 1.93
o Interaction 158 108 0.75

RMS (x10“m/s%) . .

Non-interaction 1.48 1.00 0.69
Error (%) 590 6.67 8.10

8. Conclusions

A comprehensive research was undertaken to study the
vibration performance of the composite steel-bar truss slab
(CSTS) with steel girder, where the ambient vibration and
walking tests (single, dual, and triple excitations) were
conducted on-site. Based on the study results, the following
primary findings and conclusions are offered:
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The first three natural frequencies of the composite
floor are 5.31 Hz, 6.59 Hz, and 9.46 Hz, indicating
that the composite floor is relatively flexible since
these frequencies are all under the recommended
practical value of 10 Hz. The damping ratios for the
first three vibration modes of the composite floor are
2.00%, 0.50%, and 0.60%, all below the AISC
suggested limit of 2.00% for bare floors.

The natural frequencies of the composite floor
obtained from the theoretical or numerical method
are very different from the experimental results for
the boundary condition CCCC (i.e., all four edges
clamped), while they are relatively close to each
other for the boundary condition SCSC (i.e., two
opposite edges simply supported and the other two
edges clamped). The minimum MAC (modal
assurance criterion) value for the boundary condition
SCSC between theoretical/numerical and
experimental mode shapes is 0.915. Hence, the
boundary condition SCSC is recommended for
studying the vibration behavior of the composite
floor.

All obtained RMS accelerations due to walking
appear to satisfy the AISC vibration criterion since
the maximum value is 0.66%g.

For design convenience and safety, the crest factor
P (ratio of peak to RMS accelerations) can be set at
2.03.

The comparisons of modal parameters among the
ambient vibration and walking tests (single, dual,
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and triple excitations) show that the walking
behavior of a person will influence the vibration
characteristics of a long span and light-weight floor,
i.e., having the effect of human-structure interaction.

¢ |Interaction effect will increase the acceleration
response, and with the increasing stiffness of the
composite floor, the interaction effect gradually
decreases.
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