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Test and analysis on the micro-vibration control ability of mass concrete slab

RONG Muning', GU Yabin', ZHENG Ming®, NIE Xin*, FAN Jiansheng®, LIU Yufei
(1. Beijing Construction Engineering Group Co., Ltd., Beijing 100055, China;
2. School of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to test the micro-vibration control ability of the mass concrete slab in the Beijing High Energy
Photo Source, evaluation of the micro-vibration control ability of the mass concrete slab are conducted through two
short-period tests and a 24 h long-period monitoring. Test results indicate that: most of the displacement root mean
square values distribute between 10 nm and 50 nm in the two short-period tests, and most of the displacement root
mean square values distribute below 20 nm in the 24 h long-period monitoring. The mass concrete slab can provide
good micro vibration control performance over 10 Hz for the micro vibration in the vertical direction, and over 5 Hz
for the micro vibration in the horizontal directions. Through casting the mass concrete slab, the micro vibration level
in the vertical direction can be reduced by 24% , the micro vibration level in the horizontal direction can be reduced
by 34%. The control ability of the slab to the horizontal micro-vibration is slightly better than that of vertical micro-
vibration. Moreover, simplified two-dimensional finite element models are established to discuss the influence of
changing the concrete layer’ s density, stiffness and thickness on the slab’ s micro-vibration control ability. The
simulation results indicate that the increasing thickness of reinforced concrete layer or density of the plain concrete
layer has no influence on the micro-vibration control ability of slab in the vertical direction, but has adverse effect

on that in the horizontal direction.
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Fig. 1 Site aerial photography and slab measuring points layout in the Beijing High Energy Photo Source
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Fig.3 Test results of measurement point 4 in the z and x directions during the 1st measurement
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Table 2 Average displacement root mean square values and corresponding ratios during the 1st measurement nm
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1 34 36 1.06 51 55 1.08 41 68 1.66 21 24 1.14 41 42 1.02 32 33 0.97
2 21 26 1.24 34 30 0.88 31 25 0.81 32 26 0.81 53 35 0.66 58 36 0.62
3 17 24 1.41 30 23 0.77 24 21 0.88 27 30 1.11 53 43 0.81 42 42 1.00
4 17 21 1.24 26 24 0.92 26 19 0.73 22 21 0.95 44 41 0.93 34 32 0.94
5 22 20 0.91 44 47 1.07 27 30 1.11 18 22 1.22 26 25 0.96 20 23 1.15
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7 24 9 0.38 35 9 0.26 32 9 0.28 25 25 1.00 62 48  0.77 37 34 0.92
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Table 3 Average displacement root mean square values and corresponding ratios during the 2nd measurement nm
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Fig.4 Ratios of mean displacement RMS values on the slab to those on the adjacent soil in the two measurement

T L 1 2 T L A 805 MR b R T R AT AR (L (B AL, = 11/ K 0,76,y Tl B/
0,66 SHIIRHS 4 53 $ICHE ) IR M Al 0565 0 PR = 1) R 0 A -8 G 249% , I FBL .y 1) LR 30 K 8 1%
349% | TR 7K T SR Bl B 3 W X 152 1 3 o

5 1P 4 RSN SR B RS A R FIROR BT L | st — 5 50 FCR IR, AL 3 565 1 W/ ]
SO P07 1 A0 25 SR 5 45 1 WA IR 1 7K S 7 1] O 285 5 0, 36 2% (1) Ak (2) b it 37
M A DR AMEA | He GBI 100 Ha, S85 0B HFEE - P26 AR SE AR 217 20 s 1A F-34
CORSAT A SR L3R BB AT A (S AU N0, % L AR TR 3 8 ot R RS A A LA B, 44 A
R T S, IR S Ca) FICh) FTAT, 2045 5 Ha LN RIRENS SUB RIS AR 5 AR B A A1t 44 i
2 HOT IR, i 26 WX TR (5 M) LAY BR300 13 5 B W R AR (0B A A (A (1 BRI 26,
tH JRAEAE 90 Hz LUS MR A M2 AT 1 IO, R A5 (0 BB A A (B 2 AR,

B R R T A 1 B T 1) 22

1.8 30

)
N 16} @71 E st —— L)
| = — — -JEMREHT )
& 14 o oof
pa &
= 12 o 15
X 1.0 2 10
fz &
R 08 5t
i}_‘ —
0.6 1 1 1 1 1 1 1 1 1 0 1 1 1 1 k. 1 T i il I
I 10 20 30 40 50 60 70 80 90 100 1 10 20 30 40 50 60 70 80 90 100
B % Hz /N 2

(a) VUM 3 [z A [ B /NS U R A RS A A BB EL R L L



55 4 1) TREET A RARARIR B L AR MR sl ] B8 1 9 i 5 0 A 121

1.6 50

ii\j 1.4 IS ) E 40 —— ki)
= = - — - ARG T)
& 12} 30
m £y
& 10 & 20
T o
@ 08} L=
E 0.6 1 1 1 1 1 1 1 1 1 0 L L L N L :
110 20 30 40 50 60 70 80 90 100 1 10 20 30 40 50 60 70 80 90 100
i/ He T/ MR Hz

(b)) B2 3 52 1] AR [R] B /NG D A4 AL B A BB B R
5 FARSNRETHABELEHNERRLLE

Fig.5 Mean displacement RMS values and the ratios from different minimum concerned frequencies
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Fig.6 Curves in time and frequency domain for long term monitoring points on the soil and slab
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Table 4 Parameters of materials in the primary model
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Fig.8 Comparisons of velocity between FEA model and measured data in the frequency domain
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Table 5 Comparison of normalized simulation results under different parameters

A= BRI 2 [PPSR REZ x BRI RS A U 2 L
1 PC3-RC1-DOEO( W 1A ) 1.00 1.00
2 PC3-RC2-DOEO 1.00 1.03
3 PC4-RCO-DOEO 1.00 1.00
4 PC3-RC1-DIEO 1.00 0.97
5 PC3-RC1-D2EO 1.00 1.03
6 PC3-RC1-DOEI 1.00 1.00
7 PC3-RC1-DOE2 1.00 1.00
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