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Study on the identification of bridge frequencies using
vehicle-mounted smartphones

ZHOU Zu-nian, LUO Xian-zhi, YU Wen-ye, ZHONG Xing-feng, LUO Xu-fei, ZHOU Jun-yong*
(School of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract; To develop an efficient inspection technology on the structural condition of network-level
bridges, this study explores the feasibility of indirect identification of bridge frequencies using smart-
phones as vehicle-mounted sensors. First, twelve smartphone apps with acceleration acquisition func-
tions were determined through market research, and four apps were selected for structural vibration
testing based on their technical parameters and experimental feasibilities. Then, the smartphone and
commercial sensors were directly installed on the test bridge to measure the bridge vibrations, and the
acquired time domain and frequency domain diagrams of the signals collected by the two sensors were
compared and analyzed to validate the feasibility of using smartphones in bridge vibration tests. Final-
ly, the smartphone and commercial sensors were installed on the test vehicle to analyze the differences
in the time domain and frequency domain diagrams collected by the two sensors when the test vehicle
was statically placed on the bridge and moving across the bridge. The experimental results showed that
the time domain and frequency domain diagrams of vibration signals collected by the two sensors were

the same when installed on the bridge. In the case of sensors installed on the test vehicle, the time-
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frequency signals collected by the two sensors had good consistency when the vehicle was statically

placed on the bridge. However, when the vehicle moved across the bridge, the frequency diagrams of

the signals collected by the two sensors were generally the same, and the time-history diagrams were

similar. This study proves that smartphones can serve as alternatives to commercial sensors as monito-

ring equipment mounted on vehicles to inspect the health condition of bridge structures.

Key words: bridge engineering, structural health monitoring; indirect measurement; smartphone;

frequency identification
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Fig. 1 Photos and design drawings of the scaled vehicle-bridge test model
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Fig.2 Comparison of acceleration measurements between the *
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R2 HBREFVNSHEFERB[IHAERN NSRS RO LS

Table 2 Comparative analysis of dynamic parameters identification of the test beam by the smartphone and commercial sensors
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Fig.3 Experimental photo of bridge monitoring using drive-by sensors
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Fig.4 Comparison of measurements between the smartphone and commercial sensors installed on the static vehicle

] 4 AR, )3T 7 RS 9 A% R I A
RAYH A 7.067 8 Hz 11 7. 067 8 Hz, Acceleration
NG %5 A% J8 s I XA 32 43 591 O 7.107 3 Hz il
7.107 3 Hz,Sensor Logger FUkE 25 14 [ a5 I 328 4 2%
4y 7. 083 5 Hz A1 7. 083 5 Hz, Phyphox FliE %%
eI DR 0 6 43 3l 7.157 1 Hz A1 7.157 1
Hz, FIRZE R LI GE T HL R SR AR A 25 ] 5
K AL IRASTE WA 1 EAPAE — 7 22 57, (H 2 X%
PRSI 15E 5 AR AL 45 3 5 B — B, I TE 4240
FE AT, s8] LR AR B T UL AU % 1%
AR R A W 3 Rt S 8, WEIEE
2,4 TPl APP RAEGEIRIF 1 — & 2 5%, (H
JERZETE 1. 5% LA, HA T80T By ) 4 2 22
TR TR AR 7. 80 Hz, F &30 10 I T 2%
Fag Jo et DT AR 1 A A3

3.2 ETHIERRIESHHRSEIRS

0728 16 e IS 2ok A 4 173 4 o Y
7 3 A AR (5 5 n] LRI 520 (5
JEIR I AW, H 2 BHAB IR 2 (5 5 1) 32
i, X ] RER PR O 8 4 AR B AR S 5 5 R i
TR G 2o At T 5 R A A S
A7 O] LA — 2 SR UM AOCR o e 4
AR T, 2 A7 SR B o 880l o8 A 22 LA W 2
gl SR N TR 55 47 5 B 3R AT 4 R iR 3l i s
JEE it ik FET AR5 380 A2 (A sk B2 i 1oy ) At ]

5 45 T ool A A RE T PSR AL
o (IR 5, 2o 910 DA AR g 7 A0 558 33 1] 75 v
Fr XL NI BRI N OR , T-HLA% I I A A5
AR AR S G  AL J i ) SEAS A AL, (HR— A
WL N7 b, AL et 0 X (L Al e, X >



%52 4

JRIRHAR 2 B T AR R RE T HLRO MR R R U5 41

003 i 22 ARDX T A B 2 0 A 315 5 =2 T ) A
ZEHIN R, T 2R BIRS B R AS B AR 3h
Wil o BT LT, P b A2l M0 20 A5 A 32900
HRRAF R SRS RS2 AR, AN [A] APP 2Z [H]
LB BIBF AT AR ZETE 3% LAY, T RA R A REF
HUR T2 8L B A% sl X 2 3 1 2 By ml 47

Pho W B TET AR, POLIL AR 9 500585 A X T4
ERIRS T/ SIEEREL AN L | IR L S S
BRI BRI AL A A 2, B8 3had
PR L 1 a8 3 — E 12 B 2 R WA 4 5 1 4l IE
P X UL TR RE T HLVE o DO AL T As 12 2 3%
2y B AR F L3

KIS RRETHLS NG5 1L 188 xRS 3l -k s 15 5 i P45 SR X e

Fig.5 Comparison of measurements between the smartphone and commercial sensors installed on the moving vehicle
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