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Schematics of the wireless pore water pressure transducer
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Table 1 i Gtk e fif
Specifications of the test condition
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casel 3.3k Q 1 mA

RLZY — 7 case2 6.6k Q 0.5 mA -
case3 165k Q 0.2 mA
cased 66.0k Q 0.05mA

ZASTAE Fh3d 4322 Q 8 mA 180s

R3 FHll B 39.3 Q 80 mA 10s

R4 %15 i 141 Q 200 mA 18s
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Table 4 FAEHE A O 5 E L 724w A=
Electric capacities calculated from the test results
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— R A BRI EE R L R A T L 723 h, &
thoiES AT OREORTFERE) L1 M TEE
S 2 %0 ZOJERIZARFIIT & WA EE S 72 &
MAEHOEIIC L2 b DL E 2 b, BihoNEEIT
FHEINL BHOPIIEIIZ L - TEZ 2EEMRTIX
TNDEROKE SNIHIT 2720, ARBTG5
LEFI/NECIGENT, TORENITEA LRV, —F,
KRELBBIRVDHND AL, BERT ORBEHELE
b, —MUIEMONERIPUL, KEICL 2B 0%
WL VHRT S, ZORKNOOEDIE, BHIOBKOA
MEFE O 7ZEZEZ B5Nb, T4 YL ABBKIER T
AMETVIHERL TWwAIEILT A= v) 57 L&
X, WEICLY, AMTH D) F T A EMEMIC LICI
[ ASH B L NERRPT SN % 6

Z 2T, O WNEIHATEGE R 2 7 B A
B0, “cased” B LU “cased ‘12 OWVTINEEDT
ERE Lz, REICH o, A —TAMBOE
BESEEIFE LW EREL, REAWRKOERETL
fli& ZOBIIFE SN L BRMED S KAL) BioOW
kA B L L 72

Ric Vo Vet /e oo (1)

IaiVed Rens e (2)

Z 22, Ry BIBOWEHIEIL (Q), Viep: AV —7
ARTEEDOEMEE (V), Vg BEAITROBEE (V),
g © BEEMRFOEI (A), Ryt REAMIEIT (Q)
Thhb,

127 | sz, | BREA
. 345 | =
11 T A8 D‘EI [SAEEY
10 EEES
oH — —*4— H oam
s ot T A o=
7 {os | [] "V
e LB 11731 L
e T 151 249
gs 1
4 || || | (054 |
L B 0961
30540 538 |4s
2 3.10
1 H I I I [
0
casel case2 case3 case4

Fig.31 #EMI & 2 AR RO NR
The electric capacity items consumed by each loading

B L 7B IR O ER A L % Fig.32 1IZ7R T,
Fig.32 & 0, BE SN2 EIMPAEBIRETIE 750 H A #E
FClt “case3, 4" L HICHBEARMENEIRT ., TDE,
“case3” TILEMAERIKITOBE N A EALE L, Fig.30 |2
B THEAMBEOEMEL2SH#IEEL 20V KT L
72900 H &M E I EMMAEBIRGTAT 10 QIZEL T 5,
—75, “cased” TIIFRIEGIZE MO NELHHL A L T
BY, ZoORMRITIEIEEE Lk TEBT A2 L8
T&5b,

R,=1.0094exp(0.00097)  eeees (3)

2, Ry BMAEERT (Q), t:&EBHE (H)
THb,

%3, Fig.30 1278 S 15 BN 7 B ith B IEH O B <
Fig.32 /R & 12 B NEBISHUIE o B0 2 B lL, iR
JEZAL & B BRI H B 2 L QNIRRT — 7 X b H)
BHLCTwA,

Db oEih 7B L OB NI B3 % Mk &
M5, “cased” TUEHEMFRIIEAL VI 00, &
PRI DS K D Rl YK & BT
NS RE R CEER T 252 ), ElEE A
IFEBEZ TR EL DL EDPHLR LR 5T,

3 EHLIZH T ZHEREHAFER & DL

AT LTI, EBEOT ALY L AMBKERTA NET
WZBWT, F— ¥ HEROEIMET ORERZEAL % 1)
ELTW5S, HEME» S T — & BIEEIZHlE S 7z
T — 7 R EROBEMBEBEORERE Fig33 IR, &b,

100 I
— Case3
— cased

— 03564;’@{1;['!&% ||
o i 4
Rin=1"0094€0'0009’ ]

R2=0.‘95

PETHEHL (Q)
=

1 L
0 500 1000 1500 2000 2500 3000
i A% ()

Fig.32 Eith PRI ORI 2 AL
Time histories of the internal resistance



252 B AR JEMHcm. 45 210 % (2009)

Wigko /-0, BB RERIZB TS5 “cased” DGR %
Bt LTWvWa, 7 A MEFIVE EBMAMRABRTIX, FH
LTCWBEBMORBN R L, 2D/, Fig33 TIE
e D “cased” OAFRAHMIEL, WEHOILEE
BEHZLTWD,

Fig.33 205, A ¥ AI2B1) % BRGNS R, Eith &
B & 12K 500 H#EB U A & B O F =
KELRD, Z2ORIT—EOMTECEMBL AR
BLTWwD, 2o brs, EibENREBOSE R
A Y DI BWTHEER 5 FETT A ¥ L AMBUKEE
DF—F A & 7 o 72 BRIE, BRI
HESNT2720TlE % <, BIMNEBIHTORERER 2 350
IZ& 07— 5 RERICEIERE TASAE L, BIEL I
IEEEEZ TR 72720 FE 26N 5, 74T L AMBKK
JEFHT A M ETIV ORI TR E CTI2IE, Bl AT
BT A “casel” B LU “case2” DFEFRLMESNT
B5F, 74 YL AMBKEFHIEEEEME O 10 4
THERBFEEZIZIZHETALOLHEI L7, L2LaN
5, EMARRIKIT ORI 2 IEMOREIEER L 2 h-o
oo STOTED, AT LIIBWTT A YL AMBUKERT
PHREBERIR O 10 4 K& CFRZH 54F4C, il
BEMIREBICESHRZEZEZ b b,

4 THREREE-THKEFEOKRI

T A XL AMBAKTEEFOEE B EIIR L, BRI
LI/ H, @EHEE 10 /8, oA THEL TV A,
—, BbAEERBCIE, SRR Lk o, EEHE:
1/ H, OfHEHAHELTBY, HHEHRL
bo £ 2T, Fig3lI2/RT “cased” O EASEMFHE Dl
HELAEZ, SRS 1B/ [, BEHE 1A/ E
OEREME 22 L WIE L, HEB R 10 45512
BE L -AmFEEHELSEEY BN L2, 2, 10
EHOHUHBRET L LA bR, el
10 FERNCIHE SN HEHEBARIE 116AN 2D, &
MmOAFREE 13.0A0 % Tl 5, ZOZ Es, BHAE
FELmH, EEMEE 1R/ E OfHASEOYE
WA, HEEMELIMN 10 F % T CiE T 5 &%

V)

0 500 1000 1500 2000 2500
#kth H & (R

Fig.33 A ¥ A%ERHOEMELEOZE(L
Time histories of the battery voltage measured
on the data sending condition in A dam

AbNb,

BWAEDWET 5 2 PR SINZ Lhs, HE
BRI O A4 v L ABBUKERHT A P ETVOIER
LEER AL A 720121%, BB ORI O R 722
BIMSERT 2 BEET OB BUNEHMML, iz
B 2 LEDNH D,

T — 7 BN OBERET ORER KT 57201213,
T 7 EEROHEERE /NS TIUL L v, 20720
12, 7T R EREROEBEIML, FHT 2 EROEE
2 PFITHINES 2 2 EEZONL, BEHEDFRIL,
BEICHRESTHL, 2O nrs, 22T, &Eith
DIFULIZ L BT HEROLEREOWRE 2 LS 5. %
B, EWAFIKITOMMMER L, EihE By by s &
IZ& D, Ao EMAR RO R L R Rk E
oMb, L, 22Tk, BEilBoWEHEER (3)
WRTIEPACRIHEIND EIRELEEZITI,

EbE LT 22 & T, Bb—ARY ) AT EIRIL
BAT 5, 2o, WA n & §52 &L TEBL—
KM OHBERITUN D0, BOEERES
Hi1n kb,

F72, WHALEE n & L28A 0 tHER O RE R
OBEMEBEIIRRICLVRETE S,

Vsend (l,n) = Vnomi — Vin(l,n) ..... (4)

I
v, (t.n)=1.0094 exp( 0.0009 () =sendrat . (5)
n

ZZT, Vsend (tn)  EfERFEMEE (V), Vooni @ 25
WL EL (V), Vin (tn) @ ENEIKEUC & 2 BIERET
i (V), lsendrat BERFEEER (A), tEEHE (H),
n: BithIEFIETH %,

B, EAMEEOBEMEEIFEIEL 25 F TAH
I 3.6V AT 52 L, RERICHE SN EIRIE
FNEWBET 02A 12 LW EUET b0

X (4), (5) 25l L/EbIby g &l H Bk
) EERFEMEL DL % Fig.34 I2R T,

Fig34 25, Eithz 25 & Lz2ga, 4l d
3000 H (8.2 4F) XA ERHEMEESFIEEL Y LHDY,

4
— 35 nng SRR NN R
‘]E 3
g 2.5 —=n=1
= 2 L™ n=2|_ . ™o "
i —#-n=3
# 15
mooL —=-n=4
p —=-n=5
05
—*n=6
0 1 1 1
0 1000 2000 3000 4000 5000

it H A (H)

Fig.34 Eihils) %5 & féals H U Ak 5 #ERFEILEL 021t
Changes of the battery voltage estimated by equation (4) and (5)



MEE— - mERE— - & 5 - W - HEESA T A Y L A BRI RO S EHIERE O L 253

EwFCEET b0 EHEEINL, RIS, W HER
10 2L T 5 720121F 4 3650 DL O &b IG5 Has v
BTHDLI LN bbb, B, I TEOLNERL
TANET VYLD T A Y L ARIBRIKEFHI O M T
RECH D, TNDHOIEREET 5D DIZOWTIEG®E
WREEDSLEETd 5o

FREOBGERE RS, BHANERIESC L 57— & %5
BrOBEERET OFEL, BoEFMbicX hvEML, v
A X L ABBUKERF O RIS L35 2 L2VREh
oo LU, BbEWHLT S &, K0T
DEMBFEAHAT 5720, FERWIZEMEEOHED
L B VIREUEDPEL D, SHROBMEE LT, %W
7 EHMEH S RE 2 B X VB Y A 7 A OBISAHE
BWr kb,

V & B

P 13 ~ 15 AR OB REHEHT A T 7E B 2 36 12 &
DBHZE L7274 X L ABBKEFO T A N EF VI L
T, EFLFEERSELICDOLY RSN IERELS,
ek r — 7 VBRI R & RS 2 5Hll AT RE 2 = &
PO E R o720 EOMRE, M LREOFELE: & ¢
T A XL AMBKERFOBEREIR SN2 L Laas
5, E&AFRER MEBEYN 10 4% T 5 54
THEBMIRE & o720 ZORMIE, 747 L AR
KEFTERICIETR S 7z ) T 7 2 B IR PU AR
RICHERL, REZBRSVEL 57— ¥ %EHIZE
WABLERETEEZ L, EFICEELR Bo72720T
HDHTENWHLNE o7, FFEFIIEIEE SNSRI
HERICOWTIEMAEZ AT, FHEHEE - 1|/ H, #1fF
BHEE c 1000 /8, OMFASLMT, 10 4ELL E ORISR
EHEL7e LA LA s, NPT ARG 721

IEDOWTIE, BRERFEM L o720 74V L AR
KIEFHC &) BRIIEHI Z i3 281, SitEL1T-
7oAl LY, B NEBIRITIOIREE % 573 5 2
ENEETH DL, 72, 74X L AMBKERTO R
BEDIRFELZ (X FERE FBUE T OMGEES AT K TH b o
SIS LT A Y L AMBKIE R o BRI
ANOFFINZDWTIE, T4 DW5EHSIC X AR BE
Lo BFEBE L Cnb 74 Y L AMBAKERE, T
A METIVEHAN, Eiths, BIEERE IR EINT
By, BHAFIEIUC L 2 EERET OB mA s T
WhHEEZLND, ZD0, INHFHEROEHIZOW
T, WHMICT— 7 OMGER 1T\, ZoRMFHIEE
S L TWL S EDEETH D,

KEIZR D F LA, REFSEIC4720, 77— & ofift
FEIRNC772EF LR EREoOERICHEEZ LR L
EQr

SEK

1) ARHEE— - RS Y 5B - HEES
1 (2008) : AR BN V727 4 L AEHH
VAT A, RERNTYRE ET6L 95
13-16

2) XY B - RENE— - HEESR - ¥ 3 (2000) ¢
74X L ABBEEHEROTLRICOWT, Tk 21 4E
¥ LTSI RS ES WEE 14

3) WEIEAHAS Athas (2009) @ 7 4 V5 LD,
587-589, WAFIEANHAY At

4) AN EKY B - mEHEE— (2006)
TA XL AMBKEETORSEE 74 VT MBI 5
B, % 4 1%% Vol.16, No.3, 165-176



254 B AR JEMHcm. 45 210 % (2009)

Long Term Performance of Wireless Pore Water Pressure
Transducers

HAYASHIDA Yoichi, TOHMETSUKA Ryoichi, ASANO Isamu,
MASUKAWA Susumu and TAGASHIRA Hidekazu

Summary

We have developed wireless transduceres to measure pore water pressure in the fill dams. We call them “the Wire-
less Pore Water Pressure Transduceres”. This transducer has no wire cables for applying electrical energy and sending
measured data. For these features, it is easy to set up it in fill materials of dam because we don’t have to dick and bury
long cable trenches during constructions. To examine performance of wireless transducers, we have measured pore water
pressures by them and compared the data with that measured by ordinary pore water pressure transducers with cable set
up near them in two rock fill dams since 2004. Then, we clarify that wireless transduceres can measure pore water pres-
sure correctly and steadily as well as ordinary pore water pressure transducers with cable.

However, after five and half years, the wireless transducers set up in two rock-fill dams became out of order and
don’t send measured data. We supposed that the wireless transducer would work well for more than ten years because we
examined electrical capacities consumed by its working and compared them with that of the built-in butteries. Then we
examine a reason why the wireless transducers become out of order. From a result of electrical capacity test of butteries
that have been performed since 2002, voltages of battery on data sending conditions gradually become lower and reach
the final voltage but electrical capacities of batteries remain fully. This phenomenon is observed in the data measured by
the wireless transducers set up in one rock fill dam.

In the results of study, we can clarify that increase of internal resistances of battery cause voltage drops on data send-
ing conditions and in order to prolong lives of wireless transducers we have to reduce influences of internal resistance
of buttery. Then we propose a method to reduce voltage drops on data sending conditions caused by internal resistances
of batteries.

Keywords: Wireless transducer, Fill dams, Long term performance





