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Mechanical responses of “road-device” of piezoelectric electricity

generation pavement based on numerical simulation
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Abstract: In order to reveal the stress concentration phenomenon of the piezoelectric electricity
generation pavement and determine the mechanical strength requirement of the piezoelectric
generator that meets the road requirement etc, the ABAQUS software was firstly used to
establish the “road-device” coupling model of pavement and piezoelectric generator, and further to
construct the numerical simulation technology of the mechanical response of pavement and

piezoelectric device. And then, the mechanical response of piezoelectric electricity generation
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pavement under 100 kN load was simulated, including tensile stress, compressive stress, shear
stress, tensile strain, compressive strain and displacement etc. And the influences of the
piezoelectric device shapes (cuboid, cylinder and cylindrical) and materials (PZT-4, PZT-5H) on
the stress concentration were investigated. The mechanical response of piezoelectric devices with
different shapes and materials embedded in different depths and plane positions were simulated,
including the tensile stress, compressive stress, shear stress, tensile strain and compressive
strain under different loads. And also, the variation of mechanical response of piezoelectric device
was discussed. Finally, the safety factor and mechanical strength requirements of piezoelectric
device were proposed, based on the mechanical response of piezoelectric device and the influence
of temperature, overload and road roller. The results show that the various mechanical responses
of the piezoelectric electricity generation pavement are greater than that of the pavement without
piezoelectric device, indicating the piezoelectric device causes stress concentration on pavement,
and the tensile stress concentration factor is as high as 7. 5 or more, as well as the stress
concentration is located around the piezoelectric device. The shape of piezoelectric transducer has
a significant effect on stress concentration, and the stress concentration is the weakest when
caused by the cuboid piezoelectric transducer, followed by the cylinder and cylindrical
piezoelectric transducers. Moreover, the stress concentration caused by different piezoelectric
materials is basically the same. The shape of piezoelectric transducer has a significant influence on
the mechanical response of the piezoelectric device. The cylinder transducer reaches the highest
mechanical response, successively followed by the cuboid transducer, and the cylindrical
transducer is the lowest. Based on the mechanical response of the piezoelectric device and the
influences of temperature, overloading and roller, the safety factor and strength requirements of
the piezoelectric device are proposed. 11 tabs, 2 figs, 28 refs.
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Tab.1 Pavement structures parameters

% T 4 LR JEEE/em | Bik/MPa | AR L
kR AC-13 4 1500 0. 30
i J2 AC-20 6 1200 0. 30
T i J2 AC-25 8 1000 0. 30
2 TR P T R BEAT 35 1 400 0.25
AL K P T A BE AT 16 1100 0.25
+ 3% 35 0.35

e PZT-4 . PZT-5H Wi oL b okF., 388 3
F AL AR TEAR K VT8 2 emy @2 0.2 em K7
A AMER 2.0 em (AR 1.0 e JEE A 0. 2 cm
MR s BAR N 2.0 em JEFER 0.2 em YRIAE, M
T PZT (9 XY 102 45 ) [8) Pk 100 2 4% 1) [m) 0 5 58
A% 0] S Z A A T R B AR ¢ 5 A
ST AR PR 2 BN s s s s s s cans gL AR
SCHUEI R 2,006 = (crn—c12) /2, ¢ ATRIRN

1 ¢z ¢z O 0 0

¢z ¢ ¢z O 0 0

13 ¢13 ¢33 O 0 0
“lo 0 0 e o0 0

0 0 0 0  cu 0

0 0 0 0 0 C(en—e)/2
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Tab. 2 Elastic modulus of piezoelectric materials

101" N e m—?

PP A
€11 C12 C13 €33 Ciq C66

PZT-4 12. 60 7.78 7.43 11.5 2.56 2.41

i A A

PZT-5H | 12.60 5.50 5.30 11.7 3.53 3.55

1.2 “B&-287 1200 B A B R

AL A0 A T T PR A LA R A L 3 O[]
1) BRI RS ILEE 1.1 75,

R 2,58 UM R .
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Fig.1 Finite element model
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Fig. 2 Distribution cloud of compressive stress in

coupled model of “road-generator”
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Tab.3 Mechanical response of asphalt pavement with

A @)

piezoelectric transducer in different shapes

JEas | LRIJ3/ | JRRIJ3/ | BIRE3/ | BREAR/ | HEREAE/

FIZN MPa MPa MPa 107° 1076
R 0.047 0.070 0.092 20. 50 80. 80
KI5 ik 0.351 0.619 0.233 | 178.30 | 275.10
5 e 0.468 0.679 0.259 | 190.10 | 415.40
B A 0. 468 0.679 0.262 | 191.60 | 415.50

Je A T e A JA LG D g 4R R 2 T SO I S
s v i B TR 152G A 2R Bl R DS 0O Bl T R Y
St T A R M v S HICREAE T S h R g HE AR 3t
TE IR T A R . A AN B IR Ak B K o) S A 45
TR 1 B R T H AT RE 2 B
FIBGHE T o A5 SE PR (T AT R B0 400 I X I A
T EAT B2 WERE AR 3 s HL 45 7 1 A O T A A v



~

16 k& XRFFROGAMFR)

2019 #

BB 300 T I8 5 S T ) B T R 4 50 R L B o S T
.
2.2 ERERMEX NN E SRR

A LA [ s o BRI T 1A 0 90 77 1T
PR TS AE R I 5 AN s L AR B 7 2 W
XL, H 4 RIR0. 2 FlobrRE BT 516 /9 13 ) 4R

FEAR—F,
F 4 AEEBF[H RS EE N 200K
Tab.4 Mechanical response of asphalt pavement with

piezoelectric transducer in different materials

JERAY | BIN S/ | FERH/ | SRS/ | FERAE/ | TERAE/
FHR MPa MPa MPa 106 1076
ANHE 0.047 0.070 0.092 20. 50 80. 80
PZT-4 0.351 0.619 0.233 | 178.30 | 275.10
PZT-5H | 0.350 0.619 0.233 | 178.70 | 275.20

3 ERSBHAFMEKNFREEER

3.1 EBFEHNNFEmMELER

i BT AN 1Y 5 0 SRS TR A s ol e b RE Y
JEAR L HE B R B 5 AL &, DL R BT )
L DA
.11 EE ZMAAN K H R

K PZT-4 . PZT-5H WAL L, 3 FOEAR T ¥
JE H A R T b T2 I AR A B BT 4 A 2
100 kKN T By g2z i, S5 R WER 5 R, HER S
CIFSIPE YRR v ¥ N O N R NS ST O E A AN
S ARN DA R A VAR A A R N R L
G S A R O E A A A NS S AN BN 1A A a3 | DA SO IV
Yy dsc/IN s T r A RE XS TR H 4% 252 0] 7 1) 52 W) B A A
T
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Tab.5 Mechanical responses of piezoelectric transducers in

different materials and shapes

. LR T3/ | R F7/ | BNy / | BLIE A/ | A%/
JE R ok
MPa MPa MPa 1076 1076
PZT-4 2.882 1.183 1.928 40. 45 30.43
K5k
PZT-5H | 2.968 1. 365 1.953 31. 38 23.07
PZT-4 2.642 0.734 0. 789 38. 30 19. 20
PZT-5H | 2.924 0. 868 0.992 31. 82 14. 65
PZT-4 0.722 0.488 0. 799 9.44 10.62
18] #%:

PZT-5H | 0.787 0.601 0.803 6.71 7.66

3.1.2 3ZXIRENF A

e ] PZT-4 Fs v A4 6 I W A L T 56 Bt o
O A8 A T R A T T A B TR R L BEAULAE 100 kNCR
9 3o R L 25 RN 6 s . di R 6 AT A

J VL 45 S R R B B BAE TR R gR LN — B
Ul /1N + 2% Bl s L A 1) TR W A7 T AR R T DK /D 5
IO 748 51 18 R G D/ S AE SRR T 6 em 3K B A
BN ) 5 0 R G 9/ AE R 4~ 8 em 4R B
31
R6 FTRIEBRMEMAKRERRNFMWN
Tab. 6 Mechanical responses of piezoelectric transducers

in different buried depths and shapes

o | s [rmo [ s | R | s/
Tk cm MPa MPa MPa 1076 1076
0 2.922 1. 304 1.302 21.84 31.32
2 2.505 1. 307 1. 958 32.16 31.31
4 2.882 1.183 1. 928 40. 45 30. 43
6 2.863 1. 069 1.553 44. 34 26.15
Ky ik
8 2.466 1. 064 1. 428 42.91 25.14
10 2.068 1. 059 1. 302 41. 48 24.13
12 2.040 0.920 1. 295 38.07 21. 30
14 2.011 0. 780 1. 287 34. 65 18. 46
0 2.908 1. 090 1.416 30. 85 24.60
2 2.775 0.914 1. 602 34.58 21.90
4 2.642 0.738 1. 789 38.30 19. 20
_ 6 3.237 0.632 2.078 74.42 19.58
i 8 3.777 0. 831 1. 082 56.02 17.98
10 2.976 0.549 1.202 70.99 18. 85
12 2.994 0.550 0. 964 42.92 19. 25
14 3.012 0.550 0.725 14. 85 19. 64
0 1.917 1. 814 3.216 41.49 28.56
2 1.253 1.700 2. 500 28.00 22.00
4 0.722 1. 488 0. 799 9. 44 10. 62
6 0. 687 1.131 0.982 17.52 12.78
I
8 0.651 0.773 1. 166 25.60 14. 94
10 0.600 0. 700 0. 500 24.00 11. 00
12 0. 580 0.610 0.414 22.41 9.11
14 0.559 0.520 0.328 20. 81 7.22
3.1.3 P @A B A om

WA PZT-4 H B MR SR EE N 4 cm, B4
100 kN R p2Emi R 25 Rk 7 fiam . & 7 0]
S < R AR R 6 3 oA B B T B R s B
TS FE R L 55 R L AR 5 i A 0
B R I AR f K
3.1.4 #hBMHH

WA PZT-4 R AR, i 25 18 T B E 2R
TES B L A BIBLRLAE 100,160,220, 280 kN #
BN R 2w R o ey 430k B L T AR RN 4 M K
KA F RIS AR % S,

A=0.008P+152470 (2)
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Tab.7 Mechanical responses of piezoelectric transducers

at different plane positions and shapes

3.2 EHRHBHNAFEEEK

3.2.1 REWE N Fem R R

AR 1 34 45 2R n] A5 2 He e 4 78 AR o il 2100
KN VERITT (9 2% M 7 2 00 o7 19 de R AE . 25 2R a3k 10
PR

Ak o LR Sy / | HE B 3/ | BN T3/ | BENEAE /| FE A%/ R 10 FRAEMHE 100 KN EA TEBBNER KX 500
MPa MPa MPa 106 1076 Tab. 10 Maximum mechanical responses of piezoelectric
B | 2,882 1.183 1.928 40.45 | 30.43 transducer under standard axle load MPa
) WA 4.869 | 2.109 | 3.458 | 69.96 | 48.47 2N PR 3 JE R A1 LN}
K Bty | 1,361 | 3.057 | 1.246 | 34.79 | 72.46 KI5 1k 4. 869 3.057 4.333
M| 4.710 | 2.701 | 4.333 | 71.74 | 57.03 K] 5.993 8.262 9.622
Bty 2.642 | 0.738 | 0.789 | 38.30 | 19.20 7 A 3.508 2.110 4.500
i ESIEMI| 5.993 | 8.262 | 1.020 | 77.03 | 55.48 3.2.2 BAZRMKE
ij;; T XIS B JR L0 R0 5
w0722 [ ooass [or9s | o0 | 10,62 BB L 2R LRI R L 2P hn o B ok
o o i os Do [ orsr [orae - PIMATOMNT. L2 T 01 95 5 % 1 4 3 FE B LA 2)
M ] 508 | a0 | oo | smon | sean JIHVRIL BRRRBT B 1215  WUAIA RS
s | 1.813 | 1.289 | 2.603 | 12.20 | 19.08 PEHLAY R 1 AT 3k 400 KNV HL IR H 2§ 59 B7

®8 WHSH
Tab.8 Load parameters
240 | BN | REE/KN | HEHB IR/ em? | 45 R/ MPa
100 25 356. 1 0.70
) 160 40 420.7 0. 95
SR
220 55 469.5 1. 17
280 70 512.1 1. 37

A Tl 2 R T R 35 g o O 25 2R A5k 9
IR = AT S RS 3 D E VNN E S AP NI
T3 AL REAE | T IO A N [ A% K B Al 28 4 K i g
PNEWIE D IVESE R 9082 4 5 SFa

R9 TEHBERTHERRERRE N F0E

Tab.9 Mechanical responses of piezoelectric transducer

under different loads and shapes

Bk WhaEk/ | PR/ | ERE /| BT R S/ | PR/ | R AR/
7 kN MPa | MPa | MPa | 1076 | 10°°
100 | 2.882 | 1.183 | 1.928 | 40.45 | 30.43
160 | 3.909 | 1.599 | 2.609 | 54.97 | 41.13
RN
220 | 4.815 | 1.969 | 3.213 | 67.70 | 50.66
280 | 5.638 | 2.305 | 3.702 | 79.27 | 59.31
100 | 2.642 | 0.738 | 0.789 | 38.30 | 19.20
160 | 3.586 | 1.001 | 1.071 | 51.98 | 26.06
220 | 4.416 | 1.233 | 1.319 | 64.01 | 32.09
280 | 5.171 | 1.444 | 1.545 | 74.95 | 37.57
100 | 0.722 | 0.488 | 0.799 | 9.44 | 10.62
160 | 1.223 | 0.663 | 1.084 | 16.90 | 14.42
15 A%
220 | 1.663 | 0.816 | 1.335 | 23.46 | 17.76
280 2.064 0. 956 1.563 29.43 20.79

77 BB B8 DL B M 56 &R L W] 8 & A R AR 400
kN/100 kN=4.0,

S E WL R AR . PR,
o 2 ™ T A U il AT 3K 600 KNEY B G 2 %
4 ZHR 600 kN/2/100 kKN=3. 0, Hyk &3 % k&
S TET VR 2 T o 0 7 YR A ARk P A i o P I
AR A T AR Ak, =X () 7L U I 1 R
() 7 20 N IR BE 2 B AR . 436 1 AP 20 C e,
i 2 ) AT 3] 60 “C A IR AR E . R
v S S DA R K v N I S S
60 C . fajzk 100 kN B i) F LS B0 ) Ry 7. 592 MPa,
R B 22 42 2B 7. 592 MPa/2. 882 MPa=2. 64,
GAZEBRSBEELZERZB MBEEMNEER
BN 7.9,

%:1'0_1' sl - (3)

X Er RESET T Bt Ec NRESF C
BF AR L, — i C 20 °C HARHUE L3 1.

TR 2R 4.0, B EMNE 2R
K792 AN B & . B BBOROIE R AR R
FL 7 28 4 R 8 [A) A, 3 a A0 A A L e R
SHOTREE 2 RRIR N 7.9, LB R SCE RS
424 RPN 7.9,
3.2.3 EUEBMAFREEZR

R T HL 25 14 7 2 i) 1 e R (B J % 4 ZR B
R B8 S B P 1) R R EEOR L S5 Rk 11 R,
SR R B AR 5 B AR TR 11 g A5 )
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Fe vl de o A AR OO . T HRL B T LR AR TR 5 B R AR I
19 53 i CRI IS v Pl 38 ) JiE A i 2D G5t B2 fEL AT 3
32 MPa"*% . fhy s nl i, 24 5k [ S o 8 L 4T
38 ANARE T 65. 3 MPa, B0l i i i B i 14 it IR
5 JBE (32 MPa) » U W 7E 1 43 55 i 2% 16 T [Bd fi J HlL 4%
SR AR 5 B 5 s v e 45 T 00 JRE SR B e - RTT R
s HL AR 2 B A T L e i R o DR b A 080 T B A
LA o
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