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ABSTRACT

The use of piezoelectric materials, electromechanical group of anti-technology to monitor the
structure compared to the traditional non-destructive testing of many of the restrictions is a new
method in recent years, but PZT and concrete properties are very different, this paper uses cement
piezoelectric composite Compared with PZT and concrete have better deformation consistent. The
cement piezoelectric composite was used as the sensor to be put into the cement mortar sample to find
out the correlation between the strength of the specimen and the electrical impedance of the cement
piezoelectric composite. In this study, 0-3 type cement piezoelectric composite material, 50% PZT
piezoelectric ceramic as the medium, 50% cement as the substrate, control silver and polarized
pre-polar temperature. The PZT was sieved through # 100 sieve and made into a cement composite
material. After curing at 90° C for 24 hours, the temperature was 140-140° C before the silver and
polarized 150° C oil tank to 1.5kV / mm electric field polarization 40 minutes, according to CNS 1010
production of cement mortar compressive test specimen, and the sensor sensor into the test body, the
control group mortar is the body to reach 7,14, 21,28 days of compressive test, compression results
with the same age test body measured impedance comparison. The experimental results show that
with the cement mortar test body age increases, the measurement of electrical impedance will be
reduced.

Key words: PZT, strength gain, electromechanical impedance



2017 1 AR A2 2 A AT ¢
2017 Conference on Sustainable Development
and Disaster Prevention in Civil Engineering

NF 3

ML HF G FRARBR X AR~ R
BEFS BRI FUREHEFZALESEERS
RPN A AR i R R R
FE R RRBHIAE REI MDA AR
BFBERTE KITS £ o

TR E R PZT & * 7 Fed(Electro mechanical
impedance) & #] 44 © 72§ & » 4 Wang and
Zhu [1]% * BT L PZT T3 il B » R 45 4 2
i B2 Y A S LR i L LR
# % RMSD 2 MPAD #cig & 45 2 £ 17 4 45 - 4
e R e F e R Y RS E - Shin and
Oh[2] @ & Mg #-PZT R Pl BARRE iR 52 4 R 4 5
Bpl o RRIRES FEM3-557514 {028 2 2 fn
R RPIZ PZT T 8o 8 % BTG F Y 3 4o 45
B 3F B L 5 1% b 4 o Tawie and Lee[3]#%- PZT
FLEE AR I A A R RAF B PZT 2
Frz WARRBEYE R BTG e A7 R A > Bk
#8537 1428 % 2 TIEAPUR R o B R F IR
Aot (58 R B )2 et o R A AR S (iR
5 & & 1 vt )oXuand Cheng % 4 [4]# * BE 5 3% % 2
FOPZT RRIEERIRRD 2o @& Bt L AR
BARAAGEEELp M R AR IEYLE P FAX
ITARATR 2 % VAR A 2 A R R S e
A BAHRTRITE L ARSI SR

ERGARF T P EOLR bl PZT BT ML ER
42 ant F 22 e (acoustic impedance) 2 2

i [ g
BTIE%T & d33(pC/N) 470
B B | Exy(x10°N/m?) 5.2

LR S ENCENUEN 2100
R4 tan8(%) 15

F 2~ BEFRACA AT (KA )
B a7 0-3 ACkE R T AF & H42(0-3
type cement-based piezoelectric materials) % & [5] -
0-3 |-k l@rﬁ%{@éﬁﬁﬁkﬁw
B REEE PR A ERALk T L AR
L REA HREITLRRBTRY - R REHML
EESHRERRNLTET R G S %

W1 AR E

B 3~ A 47 R

e 0-3 31 KFBTAEEHFRBY et B LRI
wigfFe o AR 0-3 ARERTAE kT
¢ﬁ%%ﬁ%4 g & Rl ﬁ%#wwn&%

HHE o

3 RBIEAAEE

BORE TF T BRI & TR
PZT 1.06nf 0.21km-m 418pC/N 1902

PP 284.405pf 42.109 km-m 92.98pC/N 363.62




2017 1 AR A2 2 A AT ¢
2017 Conference on Sustainable Development
and Disaster Prevention in Civil Engineering

~ R EiEAT
Q1R R BT
*E g Arie r 0-3A1KE BT R BIE PPy ¥ L

€5 3192 1Akt PZT BT M A (B AT 402
D ESMEFTEL AL 75~150umps 2 £ 7.9
A FRAE & & 50% o #-k ik g2 PZT iR4e > {1 MTS
r1 80MPa /iR 4 R Bkt~ 90CHE R R R
H- X FHRAURE AR BEE AT 140 0 &
fs2z ~ 150°CHRE ¢ 2 1.5Kv/imm & i § Hig (7 4% 1
40 ~» 45 = PP-RE R TR R ERZE PZT A A 4
# 3> 27 PZT R 7 % ¥ # = 418pC/IN » PP %
92.98pC/N ¥ % % R &_# 1kHz ™ #7 8 | | e & PZT
% 1.06nf » PP 5 284.405pf -

AR TRFEEFERERG T PR AL R
do@ 1o 2 f6@ % ¥ BRI BHILAFENY B
ZE L RS TR RS EE
227 el iE

#) e 3E Al ik B ASTMC C109(CNS 1010)-k AT -k
T B *mjﬁ?&}i*ﬁ%/z T *W‘*g‘?/ v KRR S I@J’J‘
Fook vt G 04850 Bkt b 1275 fert dod 4
TG ORER P EENAE1-3-7-14-21-28
56 % g FHURG R R o BRI E R B Y B
ROPIEY iR p R T v 2 v 43535 25mm
/Ejﬁﬂfj‘%‘k/ﬂq{qiﬁ* LR A 2 R WA

Tw & % Wayne Kerr o & 4 & Feds 47 ik 0 2R
B - X BTSN R AoB 3

# A~ kiR E) e

PR E(R) 6
ki () 500
% 75(9) 1375
"k(9) 240
ERRN R AR L
31 kikE) %fm@ AR

’}x’;‘f»l/ﬁ]{f1\3~7\21~28‘56%#J$%§&£r§]
47 IFERFARBREF S G FP R L RS
He 1~14 % 55 & & £ 3 298kgf/cm? = & 0if & 5 pl
7| 14~56 % PIAB>MHAEE L+ & P iE
B2 RIFrEIR

B 567 i PZT 2 PP & & * JEF 4155
L E T B - TR KRBT RER
FPPR* EFHELF -G FP TS
¥ 130~140kHz z_ & # &k 2|¥74& (- £ F = 7 O JRAp
o hBTIELGHAL "sf.ns?%-}’\'/?l‘?’?’*iﬁl’/?jﬁ;i\‘
WEL Dby £3 Fo T i o PZT},E,/F'J%?‘T‘:{
T 3K 200KHZ chk drAE G F S R O '

400 ~ 600 ~ 800kHz z_ & J=H4F & » AB3CATAE » 2 {8 £ #
Rl BT~ RIE R ]\lvﬁ.}:f‘ = PRAE O *4 it P
L T R AR o

400
350
~
5
2 300 4
o
=
£
D 250
g
@
.g 200
w
w
o
a 150
£
o
(&)
100 +
50 T T T T T T
0 10 20 30 40 50 60
Age(day)
Bl 4~ KiEp) R 5 R
50
40 +
g 30 4
©
[&]
c
% Asphalt before packaging|
a 204
£
Asphalt atter pac
10
Into the mortar
0 T T T T T
0 50 100 150 200 250 300
Frequency (kHz)
W15~ PPIREF 7 152 wr B e i
33 kRB KM RTE

% ¥ (Conductance) 5 Fe 4 R enip| Fe TP o 4RI

L oHoa K ,L,.pfﬁ#ﬂ%l“ mﬂtm » Flpt AFE Y P/jfiﬂ.‘
#o ER*RPETEREFHTEREREF L ITE
50
40
—_ Asphalt before packaging
g 301
T
2
©
o
8 20
£
10 4 LJ&\
0 T T T T

200 400 600 800 1000

Frequency (kHz)
B 6~ PPIEF 122 0 )i



2017 1 AR A2 2 A AT ¢
2017 Conference on Sustainable Development
and Disaster Prevention in Civil Engineering

#Fi o

MR E N IR EP 2 RRIT F 2SR
befp b E PZT #r & R Pl eniE 5 4cB 8> d BB
JL0~2000kHZ ¥ & 3 % Az ken$ it St & p I fn
B ap R 21 R YAp B e S 5 380~420kHz ek i e
B9 d B9~ 400kHz T F7 v g N FR) R
S Ae T ORE B 3 R BT T OE A g > - H g B
R R R SR A ] 10 5 TR R R S
do T R B4 E BT "% o) 11 5 PPBB 2k~ ) Mt AY
ts B P18 D] w5 0~2000kHz » # 143 3Ap # >t PZT
THEY SRR RTR P EATRET R ARG TR
MR R BT RS g KRR
$o8p 2 P Y% i o B 1248 & 400~700kHz 7 123 1
KR R R e TR G T AR 28 %
#28p d A B X) 400kHZ pFrer 56 % e Hw G £ 0
% 650KHz % 28 % 7 o s p ¥ L chdgr o 21
TR TR AR R R SR DT S S
400~650kHz -

5
Asphalt before packaging
4 4
g .
¥ 34 Asphalt after packaging
3
c
©
o)
g 2
E
1 4
0 T T T T
0 200 400 600 800 1000

Frequency (kHz)
B 7~ PP 45w 15 2 2o gy pe g i
B 10 ~ PZT 7 i 400kHz *# EER R R
B 13 3 ¥ % 500kHz _%E?z/;alﬁﬁ@sg;;{ FILRE T oY
F 3PP R R BT Een% it g R AR PZT o fe i
AP BRI PP R R L) RS AT 2
43 eRE B o

Conductance(S)(10°%)

Compressive strength(kgffcm2)

Conductance(S)(10°%)

25

0 500 1000 1500 2000

Frequency(kHz)

Bl 8~ PZT *x » %) 3]§ 1~56 = § 5 i+ 0~2000kHz

20
18 4
16 4
14 A
12 4
10 1
8
1 /;
300 350 400 450 500
Frequency(kHz)
B 9~ PZT *x » ) 4 1~56 = § # 0~2000kHz
400 18.5
350 r18.0
r17.5
300 o
(=]
7.0 =
250 R w
—#— mortar Compressive strength [7]
—%— PZT Conductance r16.5 §
200 *g
ri60 g
S
150 [&]
r 155
100 L 150
50 T T T T T T 14.5
0 10 20 30 40 50 60

Age(day)

W1 10  PZT T % 00KHz 2 7) % #uk 56 &



2017 1 AR A2 2 A AT ¢
2017 Conference on Sustainable Development
and Disaster Prevention in Civil Engineering

Conductance(S)(10™)

Compressive strength(kgf/c mz)

5 J AP B P2 R

Conductance(SY10™)

400

350 -

300 -

250 -

200 +

150

50

3.0

500 1000 1500

Frequency(kHz)

B 11 ~ PP % » #) % 1~56 = ¥ # 0~2000kHz

2000

1.0 400
- 350
0.8 o
£
o F3oo &
c =)
£ 4
S 06 £
2 L2s0 ©
5 £
E‘_) —e— PZT conductance RMSD z
© 0944 —¥— mortar Compressive strength [ 200 %
[m]
2 g
= F150 g
02 1 8
100
0.0 +» T T T T T 50
0 10 20 30 40 50 60
Age(day)
¥l 14 ~ PZT350-430kHzRMSD £ 7} jﬁiﬁa@ Y
14 400
124 I 350
<
L 104 F 300
C i
@ H
E i
T 0.8 F250 |
c 0
S '
(@] 1
— 056 A —#— PP conductance RMSD F 200
o - - - i
I —— mortar Compressive strength -
2 |
i 0.4 F 150
(
0.2 I 100
0.0 T T T T T 50
0 10 20 30 40 50 60

%) 15 ~ PP400-650kHzRMSD 22 #) 4
Bl 14~15 A w87 3
FURBRRM G 7oL
5 4 T B 1 38 L RMSD e (e
éﬁ%%¥¢%wﬁww%ﬁﬁﬂmﬁ

ftg R A&+ > PP
HREE -

Age(day)

RAUR 5 R
PZT 12 2 PPRMSD ¥ #) jfi
F} PZT &2 PP & #* 353 AL &
3 aEbE A i
THEY KRB

A PZT fdr 79 F ¥Rk R :}f:

r ~

Ao

50%PZT

i
z

WARE KRGS

1.0 T T T T T
400 450 500 550 600 650 700
Frequency(kHz)
B 12 ~ PP 2 » 7 #% 1~56 % T ¥ 400~700kHz
1.84
- 1.82
e 180
——a -
- 178 o~
»” ‘o
/ 178 =
»
174 g
—a— mortar Compressive strength 2
—%— PP Conductance k172 ‘5
\-\X L 1.70 g
~ o
/ \‘x\ - 1.68
b4 TR L 168
J R Y
T T T T T 1.62
0 10 20 30 40 50 60
Age(day)
B 13 ~ PP ¢ 3 500kHz ¥ 7 I\#mfi R

R R L Ak X T RO RIPTEy

7 327 2 £ (RMSD) % i& 7 4 47 2

o N4
n (G, — GH?
RMSD = =5 ———
i=1(G})?
RN FEEE R ERE S TEE S

PZT 2z~ #) ]\Féfﬂt’ T 5 B p
: —?‘V-ﬁ‘jir* 4?’}’@/? /ﬁ'l’/
#}fl N Elr, L’J’J‘J‘%—kr"r

it o

.xé"*qﬁg}a 5 -k PZT & PP Iedis 4R

TR R AT o
2.PP-z » 7 ]\pé‘ﬁgw AR
DR EA O A T AR o
3.€_PZT & ¥ 400kHz * &+
1% it » PP p|-2_400~600kHz
B gL o

4.4 RMSD A g A S PZT 112 PP 3

IR R

ELHO%

KR
£
o R T
X T AP

W AR dp T PZT T

'”‘“%‘F’p jﬁﬁfgm
BT MR Bﬁ»ll}'ﬁ]‘iﬁ

Honggio g

RBRF R RFRR R F LML



2017 1 AR A2 2 A AT ¢
2017 Conference on Sustainable Development
and Disaster Prevention in Civil Engineering

I pEep

1.Wang Dansheng ,and Zhu Hongping, ‘“Monitoring of

the strength gain of concrete using embedded PZT

impedance transducer,” Construction and Building
Materials, Vol.25, pp. 3703-3708,2011.

2.Sung Woo Shin,Tae Keun Oh,“Application of
electro-mechanical impedance sensing technique for
online monitoring of strength development in
concrete using smart PZT patches,” Construction and
Building Materials, Vol.23, pp.1185-1188,20009.

3.R. Tawie, H.K. Lee,“Monitoring the strength
development in concrete by EMI sensing
technique,“Construction and Building
Materials ,Vol.24, pp. 1746-1753,2010.

4.Xu Dongyu, Cheng Xin, Huang Shifeng, and Jiang
Minhua,“Identifying  Technology  forStructural
Damage Based on The Impedance Analysis of
Piezoelectric  Sensor,”Construction and Building
Materials,Vol.24, pp. 2522-2527,2010.

5.Li, Z., Zhang, D., and Wu, K., “Cement-Based 0-3
Piezoelectric Composites,” J.Am. Ceram. Soc.,Vol.
85, pp. 305-313,2002.

6.Dong, B., and Li, Z., “Cement-Based 0-3 Piezoelectric
Composites,” Composites Science and Technology,
\ol. 65, pp. 1363-1371, 2005.



