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Analysis of Human Induced Vibration Comfort of
Reinforced Truss Concrete Slab
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Performance MonitoringProtecting of Rail Transit Infrastructure , East China Jiaotong University, Nanchang 330013, China)

Abstract: The electric vibration exciter was used to perform simple harmonic excitation test on the reinforced
truss concrete floor to determine the vibration response of the floor under different amplitude and frequency sim-
ple harmonic excitation. It used ANSYS to model and analyze the test piece, compared with the test results to
verify the feasibility of the finite element method for dynamic analysis of reinforced concrete slabs. Then, a dy-
namic analysis model of reinforced truss concrete two—way slab under artificial excitation was established, and
the influence of bottom steel plate and slab thickness (truss height) on the vibration performance and comfort of
the floor was analyzed, and it was combined with the open profiled steel plate—concrete of the same specification.
Comparative analysis of floor slabs shows that under the same conditions, the fundamental frequency of rein-
forced truss concrete floor slab is higher than that of open type composite floor. When pedestrian excitation is
applied in the center of the floor slab, the peak vibration acceleration of reinforced truss concrete floor is re-

duced by an average of 65.65% than that of open type composite floor. After removing the bottom steel plate of
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(51868022); (GJJ180300)
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the reinforced truss floor bearing slab, the fundamental frequency of the reinforced truss concrete floor is reduced

by about 4.37% on average, and the peak acceleration increases by about 19.76% on average. And the thickness

of the bottom steel plate also affects the vibration comfort of the floor slab to a certain extent. The increase in the

thickness of the floor slab can significantly improve the vibration comfort of the reinforced truss concrete floor

and the open profiled steel plate—concrete composite floor.

Key words: steel truss floor deck; profiled steel plate; vibration comfort; finite element analysis; pedestrian ex-

citation
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Tab.1 Parameters of steel truss concrete floor

Length Width ~ Thickness  Base plate
Floor
'mm /mm /mm model
B1 1 800 600 100 TD2-70-600
B2 1 800 600 120 TD3-90-600
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2
Tab.2 Parameters of reinforced truss floor deck mm

Diameter of steel bar

Model Formwork thickness Truss height
Upper Bottom Abdominal bar
TD2-70-600 8 8 4 0.5 70
TD3-90-600 10 8 4.5 0.5 90

Upper rebar

% Abdominal rebar

!

= Lo b

= Bottom steel plate wer rebar

b
100 200 200 100
600
1 ( :mm)
Fig.1 Cross—section view of floor specimen (Unit: mm)
1.2 ( ) ,
, 30 s,
, TST , ,
o ’ 5
5 )
’ 2 o 3 9 9’
, ( )
3 o b ’
Reinforced truss concrete floor
Acceleration sensor 1 Acceleration sensor 2 Acceleration sensor 3 Acceleration sensor 4 Acceleration sensor 5
L4 L/4 L/4 L/4
2
Fig.2 Layout of dynamic analysis test sensor
3
Tab.3 Incentive conditions 1.3
Work F /Hz  Maenitude/N Motivation FFT
conditions requency/tiz aghituce position ,
Hammering \ \ Any point on B1 B2 52.53 Hz
motivation the board ’
Center of the 60.75 Hz, ’
Sine excitation 5,10,15,20 5,10,15,20
board
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3( )7

4
Tab.4 Acceleration amplitude of reinforced concrete slab excitation

Waveform frequency/(mm/s*)

Floor Magnitude/N
5 Hz 10 Hz 15 Hz 20 Hz
5 247 11.62 34.23 54.12
10 5.37 25.46 59.14 110.34
B1
15 9.12 35.34 88.98 167.89
20 11.87 51.13 119.68 227.48
5 1.76 7.89 18.65 33.45
10 3.85 14.53 36.12 67.34
B2
15 5.73 22.12 57.23 103.47
20 8.03 29.34 70.32 140.34
, 5
, , Tab.S Material properties of reinforced concrete slab truss
° Materials Elastic modulus  Poisson’s Density/
, atenals /GPa ratio (kg/m)
’ B2 Concretre 39.5 0.2 2 500
B1 38.62% ,
HRB400 rebar 200.0 0.3 7 850
’ HPB300 rebar 210.0 0.3 7 850
Q235 steel plate 206.0 0.3 7 850
2
Q345 steel plate 210.0 0.3 7 850
2.1
, 135 -2
5 R ANSYS
o , Solid65
, Link8 ,
SHELLISI (a) Truss deck (b) Reinforced truss concrete floor
50 mm, , 3
Fig.3 Finite element model of floor
> N 3 2.2
b 3 ’
4 3 . , 1 )
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Tab.6 Comparison between test value and simulation value of natural frequency of floor
First order frequency
Floor
Test/Hz Numerical calculation/Hz Error/%
B1 52.53 54.84 4.40
B2 60.75 62.84 344
80
120 B1 board test value - B2 board test value
R B1 board numerical solution R 70 - B2 board numerical solution
£ 100 €60
£ g
= 80f =50 |
= .2
= = 40 -
£ 60r b
g 40F g 0r
3 220 L
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5 201 é 10 b
O 0L
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(a) B1 board (b) B2 board
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Fig.4 Floor vibration acceleration at the excitation amplitude value of 10 N
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é B1 board numerical solution % 140 B2 board numerical solution
£ 2001 £ 120F
£ 150 21
= £ 80F
5] o
"< 100 T 60
g g 40l
% 0 %
E £ 0

O oL

| | | |

I ! I I I I ! ! I I ! 1 L
4 6 8 10 12 14 16 18 20 22 4 6 8 10 12 14 16 18 20 22

Exciting frequency/Hz Exciting frequency/Hz
(a) B1 board (b) B2 board
5 20N

Fig.5 Peak floor acceleration at the excitation amplitude value of 20 N

, ANSYS

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



66 2022

P8@100 mm  HRB400

3
,Th4
3.1 8, 12
YX75-200-600 )
° 7 o C30
, o s YX75-200-600
Q345
F(1)=G |1+ Y, asin(2mifyy+d,) (1) 7
=1 Tab.7 Floor model and size parameter
.G , , 700 N;q;
i (DLFs), Ga, Floor Length ~ Width  Thickness Thickness of mold
/m /m /mm /mm
ih ,
1.6 Hz; i , 4 HJB-1 7.2 36 130 0.8
=0, b==1/2 b=, by=m/2;n ’ HJB-2 72 3.6 140 0.8
4
HJB-3 7.2 3.6 150 0.8
] (1), , HJB-4 7.2 3.6 160 0.8
1 115]
Smith YXB-1 72 3.6 130 12
DLFs :0,=0.436 (f,-0.95),0,=0.006 (2 f,+
12.3),05=0.007(3 £,+5.2) ,a,=0.007 (4 £+2.0) YXB-2 72 36 140 12
3.2 YXB-3 7.2 3.6 150 1.2
YXB-4 7.2 3.6 160 1.2
ANSYS
8 TD4
’ Tab.8 TD4 reinforced truss floor deck model parameter
s mm
o 4 T Diameter of rebar
russ
4 , Model heish Thickness
eight .
7. H _RHS Upper Bottom Abdominal bar
, 6 o TD4-100 100 130
12
TD4-110 110 140
600 mm  TD4 , 10 5 10
o TD4-120 120 150
GKZ1 GKL1
TD4-130 130 160
- TD4-100~TD4-130/YX75-200-600 & -
GKLI R
ori 100 200 200 100
600 600 600 600 600 600,600 600 600 600 600 600 600
6 7 YX75-200-600 ( :mm)
. . ( ;mm). Fig.7 Sectional view of YX75-200-600 profiled steel plate
Fig.6 Layout plan of single—span frame (Unit: mm) (Unit:mm)
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ANSYS Tab.9 Natural vibration frequencies of different types of
’ floors
SHELLI181 , Link8 : Hz
Solid65 S o First Second Third
Floor
, frequency frequency frequency
' HJB-1 21.24 33.12 4458
, HJB-2 22.77 35.35 44.89
’ v,z 3 HJB-3 24.28 37.43 45.23
HIB-1 YXB—I, g HJB-4 25.78 39.26 45.76
VA YXB-1 17.68 22.33 26.30
X
YXB-2 18.86 23.98 27.90
YXB-3 20.04 25.32 29.21
YXB-4 21.26 26.50 30.88
(a) HJB-1 ,
7 X 20.14%
- HJB-1
YXB-1 3 9 ,
(b) YXB-1 1
8 HJB-1 YXB-1
Fig.8 Finite element models of HJB-1 and YXB-1 :
o (1)
) ) 1
, N 3 o ANSYS HJB-1
, YXB-1 10 ,HJB-1
YXB-1 0.059 1m/s*,0.097 9 m/s?,
[4] o ’ ’
0.02~0.12, ,
, 0.0201 o )
3.3 HJB-1 YXB-1 65.65%,
3.3.1
, (Block Lanczos) N
o 3 9 o b o
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X X X
(a) HJB-1 first mode (21.24Hz) (b) HJB-1 second mode (33.12Hz) (¢) HJB-1 third mode (44.58Hz)
7 X 7 X 7 X
(d) YXB-1 first mode(17.68Hz) (e) YXB-1 second mode(22.33Hz) (f) YXB-1 third mode (26.30Hz)
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Fig.9 The first three modes of HJB-1 and YXB-1
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Fig.10 Acceleration time history curves of HJB-1 and YXB-1

332

0.8 mm, 0.5,0.8 mm

[12]
b

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3 y ot 69

220 75 _HJB
Natural frequency
Peak acceleration s YXB 130 mm
= 2151 —70°% 160 mm, 21.37%  20.25%,
Y g
% = 39.49%  30.64%
=
22101 652 :
s 2
< v ’
:
3205 60 2 . .
< 130 mm 160 mm,
20.0 ' ‘ ' ! L__1I55 ,
0 0.2 0.4 0.6 0.8
Thickness of bottom mold/mm s
11 ;
Fig.11 The influence of the slab on the vibration response ,
of the floor
no, : ’
4.37% ,
19.76%. 4
0 1)
° o ANSYS
333 ,
30 mm, O
: \ 2) ,
,130 mm
;HIB YXB 65.65%,
12 N
o 3 ) )
26/- Nt 100 437%,
e loo % 19.76%.
= E
§ 24— -180 E/ o
=1
= 470 2 Y
£ B ]
E I
g 20- 150 2 ’ ’
z 3 ,
o~
181 140 )
| | | L 130
130 140 150 160
Floor thickness/mm ]
12 [1] LEE S H,LEE K K,WOO S S,et al. Global vertical mode
Fig.12 The influence of floor slab thickness on floor slab vibrations due to human group rhythmic movement in a 39
vibration response story building structure[J]. Engineering Structures,2013,57:
12 JHJB YXB 296-305.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



70

2022

[2] VARELA W D,BATTISTA R C. Control of vibrations
induced by people walking on large span composite floor
decks[]]. Engineering Structures,2011,33(9) :2485-2494.

[3] ’ ’ s -

[J1. ,2014,31(4) .
7-15.
QU W J,SONG C,ZHU P,et al. Comfortability analysis of
profiled steel —concrete composite floor under pedestrian
excitation[ J]. Chinese Journal of Building Science and
Engineering,2014,31(4) :7-15.

[4] , , . -

[J1. ,2016,33(6) :

30-36.

QU W J,MO L B,GUO P. Research on the thickness of

profiled steel plate—concrete floor slab based on comfort[J].

Journal of Building Science and Engineering,2016,33

(6):30-36.

[D]. : ,2021.
ZHANG K. Study on floor vibration characteristics and
comfort evaluation of suspended mega steel frame structure
system|D]. Hefei: Hefei University of Technology,2021.
[6] , , .
[J]. ( ),2021,44
(6):801-805.
LIS J,ZHANG T,WANG ] F. Vibration comfort analysis of
reinforced truss composite slab under pedestrian load[]].
Journal of Hefei University of Technology (Natural Science
Edition) ,2021,44(6) :801-805.
[7] , , , .
1] ,2020,50(S2) :433-439.
HE Y L,CHEN J W,ZHOU R F,et al. Vibration comfort
analysis of prefabricated composite floor slabs under
pedestrian excitation[J]. Building Structure ,2020,50(S2) :
433-439.
[8] .
[D]. : ,2013.
LI H Y. Experimental study on vibration comfort of
reinforced concrete truss balcony slab[D]. Hefei : Hefei
University of Technology,2013.
[9] , , , . -
[J1. ,
2018,39(1):99-108.
ZHU Q K,LIU L L,DU Y F,et al. Research on vibration
control of cantilevered steel truss floor deck considering
pedestrian—structure interaction[J]. Journal of Building

Structures,2018,39(1):99-108.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

[10] . [D].
,2015.
HU X X. Analysis of the mechanical performance of
reinforced truss concrete floor slab[D]. Zhengzhou:Zhengzhou
University,2015.

[11] BACHMANN H,AMMANN W J,DEISCHL F et al. Vibra—
tion problems in structures—practical guidelines:Review[J].
Canadian Journal of Civil Engineering,1997,24 (2).:336-
337.

[12] SEDLACEK G,HEINEMEYER C,BUTZ C,et al. Generalisa-
tion of Criteria for Floor Vibrations for Industrial, Office,
Resdential and Public Building and Gymnastic Halls|M].
Luxembourg: Publications Office of the European Union,
2006.

[13] .

[D]. : ,2013.

DING J W. Experimental study on the vibration comfort of

reinforced truss concrete two—way composite floor{D]. Hefei:

Hefei University of Technology,2013.

[14] MOURING S E. Dynamic response of floor systems to
building occupant activities[D]. Baltimore:The Johns Hopkins
University,1993.

[15] SMITH A L,HICKS S J,DEVINE P J,et al. Design of
Floors for Vibration: A New Approach[M]. Berkshire : The
Steel Construction Institute ,2007.

[16] . [J].

,2020,22(4) :83-93.
DU X W. Vibration comfort analysis of large —span steel
structure floorJ]. Progress in Building Steel Structure 2020,
22(4):83-93.

(1976—), , s s °
s - o E-mail .

1hx8516@163.com,

http://www.cnki.net



