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Abstract: Brick-concrete buildings have been extensively used in urban and rural areas. However,
this type of building, which frequently contains a shallow foundation, demonstrates poor struc-
tural integrity and is susceptible to influence from ambient vibrations. This case is especially valid
for buildings that were constructed in previous eras. With the development of modern cities and
the increasing demand for an enhanced quality of life, environmental interference caused by ambi-
ent vibrations has become a critical issue. In areas with soft soil, traffic is a primary source of
ambient vibrations. Vehicle vibrations caused by road surface roughness or speed changes can
cause vibrations throughout the foundation of a building. Therefore, the vibration of brick-con-
crete buildings is related not only to the excitation source of the vibration but also the soil charac-
teristics, the foundation conditions, and the structural style. The human response to the vibra-
tions of housing structures is closely correlated with a person’s cognitive level and their current
physical and psychological conditions. Thus, the potential difference in the reactions among
building occupants is significant.

Residents in a six-story brick-concrete building, which is located in an area of Shanghai with

soft ground, frequently complained about the intermittent interference from vibrations, particu-
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larly residents on the upper two stories. The measures confirmed that the environmental vibra-
tions were generated by heavy vehicles traveling on a road that was located approximately 80 m
north of the building. The frequency and amplitude characteristics of the ambient vibrations and
the human comfort levels for the different stories of the building were analyzed according to the "
standard for allowable vibration of building engineering”" (GB50868—2013). To comprehensively
evaluate the impact induced by the transversely horizontal vibrations, which influences human
comfort levels for the three components of building vibration, a numerical finite element model

(FEM) of the building was developed and analyzed. The soil in the model was simulated as a vir-
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tual layer.

According to the test results and the numerical analyses, two types of technical measures are

proposed to reduce unfavorable vibrations. The paper yields the following conclusions:

(1) The test results show that heavy-duty vehicles from nearby roads are the main cause of

the building vibrations. The vertical component of the vibrations along the structure is almost

constant; however, its lateral component is significantly amplified, which primarily influences

human comfort.

(2) The measures indicate that the peak acceleration range for the top two stories is 68~70

dB, which is lower than the limit values proposed by the "standard for allowable vibration of

building engineering" (GB50868—2013). The rationality of the limit values is discussed to satisfy

the demand of human comfort.

(3) The structural frequencies and modes are analyzed based on the assumption of a virtual

layer of foundation; the simulated results correspond with the measures. The model is a reasona-

ble tool for justifying the effect of vibration reduction measures.

(4) To ensure that each story of the multi-story brick-concrete building complies with the

previously recommended standard, the peak lateral acceleration should be reduced by approxi-

mately 21% and the two proposed technical measures, which are compared, should be applied.

Key words: multi-storey residential building; ambient vibration testing; comfort evaluation; vi-

bration mitigation measures
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Table 1 Physical and mechanical properties of the soil layers
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Fig. 1 Measuring points at floors of the concerned building
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Table 2 Analysis results of environmental vibration measure
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IKEAE 1] 10. 97 69. 98 1.14
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IKEAE 1] 9.07 68. 32 1.09
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K41 1.91 49. 38 0.21
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K41 1.13 42. 21 0.19
KA 1.17 46.99 0.20
P6(E S i) B lw 2.76 58.52 0.32
K41 0.78 41. 68 0.12
IKEARE 1 0.76 41. 62 0.11
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Fig.2 Frequency spectrums of vibration at the

construction site
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Fig.3 Frequency spectrums of vibration at the ground

floor of the building
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Fig. 4 Frequency spectrums of vibration at the 6th
floor of the building
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Table 3 Predominant frequencies of the building

and construction site
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Fig.5 The acceleration and displacement variation with

height for normalized acceleration in transversely

horizontal direction

B 5 MR 2 v B da RO 2 B K A B i 1
B, b5 RS HSE 6 = Mk TH B9 K F 8 1 IR 31 5 R =
Hb T AR B BOK T8 5 A5, %t AR R B

H1 T b7 B 45 4 R Al MRS J= 2 P4 Ml T B T IR PR AR
bHEZ bR 6 5 AL P R 4 R [ E
ATV A KPR AR 1 IRT BT B
RaH. X X G o #4077 ik X
HER,

3 MEXNBEEAMBABERWBELS
#

ME 1R ERESWRAARBRITIHE KRG
SAP2000 V15 @&+ EH g Sy kedte. HER3hH
XTI . R XT by B E A R AT Bk AT . SR B F Rt
B MBI B 2R B AR AR R R e
TR, MR WEARAERRETEL., P
MU0 %8458 38 % F1 M10 7K e 80 8 38 A9 B 14 3
PR R AR 4 (R 45 M 3 BLYE ) (GB 50007 —
2011) 155 3.2.5—1 BN 3 024 MPa, B3



212 W oB T OB ¥

2014 4F

—=— ST B8 i A
ST o200 5K 1R
A BRUZ2.0K 1R A4
—v RERVE4. OK LR EL
ol —— TR

_] 1 1 1 1 1 1 1 1

0001 02 03 04 05 06 07 08
7R I e 2 B A

B 6 ROE MR R B B BT A e A 6 R

Fig.6  Horizontally fundamental modes of building on

1 1 ]
09 1.0 1.1

virtually underground layer with different rigidities

B SR BE AR 2 Bk C20 R BE AL
WER. EEZRESBCERAEHMEME) (GB
50009 —2012) M4 BRI SLIRE

N 2175 B M 3 1) A R (B RE Xk B R S A B h
Rtk B AL, TE MU T TR — B AR (1R
FREREEE T LGas) . BIUZREH SN —1,|
7€ [ 7E ANBh 5 HE 0= DU i B B b5 2 )i J= T AR 189
HE TR L A0 1] R BE 3% b5 R R R I BE Ko 19 0. 5~4 R
. EWETT, i A R AR B R K
PR RS 1 B A IRR IR 4, & 5 B L F
BRE SR SR A mA RITIT R A5 1 BrkF
B R B LB AN A 6.

FR 4 T, Bt & BT HOR 10U/ 000 16 W1 32 %0 fE FY)
/N KA PR 1 BrKERL I B IR R AT
{ELFE =22 98l /] » 24 HE 402 MU0 1] W BE B 240 M R = I BE K
(9 3 fEmt, TR BT AR A9 1% B IR R S ST E He Bk
M. TN 6 — 41l 2T LRI, i B 5 TR 4%
TR S5 0 - 35 5 1 v R ) 22 A 5 e 4002 A0 1 Y 2
Ao 3B = NI BE K. M, X B B9 3R 78 il 4k 4 22
R BAE R JE HTE AL 55 7 ALK D7 22 1B s Al [
AR P B 4 B ol £k 22 BIAR K.

F4 THREBENENEBEKEER
B#RTE (Hz) W 5T
Table 4 Horizontally fundamental frequencies of building on
virtually underground layer with different rigidities
- MR
%M:E%ixﬁﬂ) 4K, 2K, K, 0.5K1
2.637 2.743 2.702 2.586 2. 341 2.214

ER TR R AT T REMERE &
Ho B Py B AR 1 B R 2R B SRR, X —

AR R G R B — E BT 5, HA X 2
A& BELEUE T R 3 — P B T 5% » AR 7E SE By TR
WA I AR

4 B BB IR R B B R AR B AR

B 2.2 WG RGHTH, BFERGREERE
RAER BB 2 T fHiE & E R EH LT e 5]
RPRzhRE 69 dB, W5 6 2T A R K Z REAL 2
dB. X, Fie ARG SOAR T2 2 B T A A 1) K OF-
R IEE IR o 2R —201ga=2, 80 =79 %,
X R HO SR BRI A R i e R 3 o R 0
1% 21 %.

X% b B A, R A RS Y p R B R e e AT
HEERE, AT ST AR LT MBS L%
JHE LA TR MRS LA

(D) Xt p5 R b 5 45 40 4E 15 PR , {8 5 B Ak 2k DA
P b M B AR N, v 0 IR R AR T G D B9 PR
AL NTTKSE 5.6 EHREFEDNE RAT DL
H 2B 5

(2) Xf b5 B 4EFe 1R R0, (B % e AR 45 4 i A7
T RAYS /N 7K SF- B 3l 1 e BE B TR R A 4 AT 56
5.6 RMIREMFRERTTZZMEE.

T PR Bl A B REAG, B K AL T 30~
50 m L , 76 b5 2 JA) Bl i ok 5l 2 R i v 9 TR 3
K SR F X P Tt 9 T AT AR B/

5 HikMEW

WX LB REREE LI 6 ERREBATSH
BEHR 2l A B WA 4 A7, A OB AT R LS8

(1) A#RP R WS R R, i 48 E HE R
AT FEMIFEEIRSN, B 4 B0 O A
A B ARBEHOK,  E A B 85 KRR Y B ) K OF- R
EYMERFEENFIERE;

(2) ZBR 5~6 2B R E R L8 IF,
S I A i) KO- i B 0 R R ) B R E AL T 68~
70 dB,fI% F (A TR 2 14 P sl bm 1 ) (GB50868 —
201D FMEE X EHN AMREFEHERER 77 dB
&IE 74 dB F BRG], FIR R X — R ERERE S
TR AR H BARAR AL , T4 B 7R PR B REAR 5 dB 38
HETE

(3) AT R ELZ R R B 5 Xt 52 B
AR M AR AL A M, 9] 20 R E 45 R 5 SE I3
e B8 AH AT » 75 S2 19 B B 0 IR 195 e 8 i op HL 7 8K
FAVE 1 B & B 1 BUR U2 S 8000 7 ik M /& i —



F36% B2 RO R L IR S B -5 R 0 B 213
ﬂ}]ﬂ:%, House and Seismic Destroying Mechanism in Gansu Province

(D BEERZ S JZ TR b3 )2 4546 1 78 7 R] B9 R
AT ERH (2) s BB 69 dB, W T 65 48 i 7K F-
Iz 3 n B e (E REAIR R 2 21 00 , 8 1 > B AR 16 it T
PEHE— P BT RIR UL JE 1 T 8BRS LU/ B R
JJZ B A B BRI IR Bl S hn [ B 45 4 LA/
[53:4i0) SN AN

%2 % Lk (References)
[1] Hao H, Ang T C. Analytical Modeling of Traffic-induced
Ground Vibrations [ J]. Journal of Engineering Mechanics,
1998,124(8); 921-928.
[2] Ahmad S, Al-Hussaini T M, Fishman K L. Lnvestigation on
Active Isolation of Machine Foundations by Open Trenches
[JT]. Journal of Geotechnical Engineering, 1996, 122 (6) ;454-
461.

(3] LZWE, 2R, BRIBTR, 2. KA Bk G5 M BRI SUE
RS [T]. B T 24, 2013, 35(2) :232-239.
MA Hong-wang, WANG Lan-min, CHEN Long-zhu, et al. Nu-
merical Simulation of Earthquake Damage in Rural Masonry
Buildings[J]. China Earthquake Engineering Journal,2013 , 35
(2):232-239. (in Chinese)

(4] NIELLH, PREESC H T B R A 257 45 40 28 81 55 2 Y b SR A R AL
T PR 4%, 2007,29(1) : 75-78.
LIU Hong-mei, LIN Xue-wen . Structure Types of the Rural

[5]

[6]

[7]

[8]

[J]. Northwestern Seismological Journal, 2007, 29(1);75-78.
(in Chinese)

o AL T B A 2. B TR A IR 3 v (GB50868 —
2013)[S]. b5t - b B3R AL 2013.

China Machinery Industry Federation. The Standard for Allow-
able Vibration of Building Engineering (GB50868-2013)[ S].
Beijing ; China Planning Press,2013. (in Chinese)
e AR SE AT AR B AR £ B B ER. Wk 2 A B T LY (GB
50007 —201D[S]. bzt o EE RN Toll il ik, 2011.

Ministry of Housing and Urban — Rural Development of the
People’'s Republic China. Code for Design of Masonry Struc-
tures(GB 50007 — 2011) [ S7. Beijing: China Architecture &
Building Press,2011. (in Chinese)

e AR SEA AL B AR £ B R ER. BN 1 AT MLV (GB
50009-2012)[ST. b5t - A [E @ Tlk i fi#t: , 2012.

Ministry of Housing and Urban — Rural Development of the
People’'s Republic China. Loading Code for Design of Building
Structures(GB 50009-2012)[ S]. Beijing ;: China Architecture &
Building Press,2012. (in Chinese)

Sk BRe Bk, BIG E . BN X R R R R
WAL [T, TRET R 500 [ 8o ,2013,35(4) :115-123.
ZHU Bin,CHEN Long-zhu, GONG Zhi-guo, et al. Evaluation
of Industrial Vibration Impact to Tall Residential Buildings in
Shanghail J |. Earthquake Resistant Engineering and Retrofit-
ting, 2013, 35(4):115-123. (in Chinese)





