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ABSTRACT

Rivers in Taiwan have features of narrow shape, deep slope, and high flow
velocity, aggravating bridge scour. Severe scouring would decrease the pier
bearing capacity such that the bridge may collapse, and this failure will not only
increase remediation cost, but also endanger the safety of people's lives. To
minimize the aformentioned influences, the bridge scour monitoring provides a
way of bridge safety assurance, it also supports the in-situ verifications of
scouring mechanism model calibration. Many kinds of instruments or
techniques are proposed for the bridge scouring monitoring; however, a
real-time monitoring method with high durability still needs to be developed.

This study used Time Domain Reflectometry (TDR) technique to develope
sensor applicable to both soil and rock scour. The first phase of the sensor
development was aimed to work with drill rods. The TDR drill rod sensor is
composed of metal drill pipe with a ditch that buried another conductor for the
formation of sensing waveguide. Experimental results indicated that with more
open angle of ditch and larger spcing between two conductors, the sensitivity of
the measurement increases The second phase of the sensor development was the
wire type. Results revealed that the conductor material affects energy transfer,
and the conductor size of the configuration decides sensing range. Furthermore,
the particle size of the backfill material in borehole also determines
measurement sensitivity.

Quantitative analysis of TDR scouring was also proposed in this study. The
scouring estimation with acceptable accuracy was accomplised by interpreting
the travel time of the soil-water section, and with calibrated electromagnetic
wave velocities of the sensor in materials. Finally, this study used a TDR wire
type sensors and corresponding analysis method for in-situ testing in the Tung-

Shih Bridge. The recorded scouring data of bridage piers is preliminarily
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verified. However, modified construction procedure is suggested to stabilze the

measuredwaveformsfor data reduction.

Keywords: Time Domain Reflectometry (TDR), bridge scouring, dielectric

permittivity
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rE G 2] {?’P g om ‘5“‘3‘@\‘2‘;}7%»
R B (R 0 2009)

B~ EPNIREZRT M 5 4oB] 2.2-90@)% 7 0 £d 4 Fird A
4?@ﬂ%’%ﬁéﬁjiﬂ%ﬁﬁﬁﬁﬁﬁiﬂ%ﬁﬁﬁ@ﬁﬁi’

TE AR T LR R R RE R 4oB) 2.2-9(0b) 0 T U E

RIE R AR R A X B A P RIRR 2 R 2w R o d T
ERREFFIS BN R AHYT 0 TS ARRFL R
NEEBRNGE AFE S SNERBRRTE LRI ke 558

Awromared-readour, magnetic sliding collar scour monitor.

B 2.2-3 p &R & Tt L B (Lagasse etal. 1997)
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Supporting pipe Scour monitoring device

o

Sensor with float Threshold value of scour depth to issue
the order to suspend train operation

B 2.2-4 @ xmamg e x% % 7 % B (Suzukiand Shimaura 2000 )

PVC

/

FLOW

[T

RUBBER GASKET

PIEZO FILM SENSOR

STREAM BED

i 5r £ B (Lagasse etal. 1997)
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(a) (b)

Bl 2.2-6 = 48 FBG #* i & #2755 7 & Bl(a)@ A #2558 (b)32 » 58 L gk
# & B~ # (Lin etal. 2005; Lin et al. 2006 )

Scour monitoring device

‘.

Vi

Auxiliary electrode
in water

Main electrode

ERYd

Auxiliary electrode

in a riverbed Threshold value of scour depth to issue
En the order to suspend train operation

B 2.2-7 % #&;% 7 % B (Suzuki and Shimaura 2000 )
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1 4t
_ 1 @ X E2~3Im
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—_— I S A
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W lRmENLE
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Bl 2.2-8 #i=g R T R BGRE 5 ¢ B F LA & 2009)

M L AR R W
EHRAMEEAL -
LE ARk 2 A MH @
lr = - —
e B T RE T — k&
___‘:_[_;h_”l____ B 15K A
Bl At
o
1.0m
9.0m +
* it
(a)
e EEET 10 8 % o4 i
(b}

Bl 229 &R BT LBk H 0 ¢ B F 2 A K 2009)
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223 ABRANERS 3
% (Lagasse etal. 1997)

B R RR 8 RRDR ez ok Bt R R A
ar A ’F*F?@l’fﬁi‘“rsjé L AN SV &l S %’r/%fi o A 1 F Bl
B BERNRIFRE A4 4 (USGS Bl) ™ N ez & g o
d Ao AR T SR 0 4o @] 2.2-10 #77F  Lagasse et al. (1997)% 3% T %5
pode it ERIERE LS N AR 2.2-11 #om o R HEH PR G LR
rE o T ERNFAER RERIERALTERE T R E
Ff Ay o A1 BRI N R KPR A LA E [ o BR
PR A AEE o
T i (Millard, et al, 1998, Raeni et al. 2000)

FEDREEERT F o U RGP ST AT BATTF] T
Wl E B ) PR R R RIR R 0 doB] 2.2-12 #1 7 o th Bk & R
BEpdg o B Ay BFEQBE RN kG Tehkb] ot 2
FRIFREZLIAMETRE SN RFPLZ U] o P v 5 ML g & P
BRSO N RReE A A 0 g EOVE R F R R
o & £ e FRIE A (U.S. Geological Survey, USGS ) *+ 1980 # *
B p SRR % § E (Ground Penetration Radar, GPR ) #1w &

R ™ AR BRI R
PR SEFEER B ERE S AERT RS TR o &
Fp R s A2 2w F R @ BRI REG o 2 3

GPR = &K 3+ #3054 47 2 & chig#h » USGS »+ 1990 # £ ¢ ]+ 4

°?’23‘75‘é§1€‘.ﬁ]33 GPR = s’ o %%ﬁ*ﬂg%%ﬁ

W2 FERA LR EFRBAERPS GPR 7 e BRI & o %
B d 2LEfP Y GPR £ 47 2@ ¥ e ¥ 18 4L Sounding-weight 2
1R 2 e 5 10~20%:0 £ B (Costa et al. 2000) > F]p+ 244 ff 3¢ ¢ GPR
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A2

IR

(-

EFTE AR TR BRI E A S o BIP S ARR ¥

(2005) 7% & 4= PleEskEH ¥ (T4 o

Purbablke Whieksss Sune Scow Messwedienl Sysien
Pier

@I Flaw
Footing
Wsder depih

River bed

B 2.2-10 4 1 pl3E B4 7 £ B (AR flad] 5% o 2004)

~17 ~



- B Sonar instrurmeant
;r Bridge deck ) k‘: enclosure with salar panel
_.'l -[ atcached to bridge
| |
L —

Flexible conduit
{1 in. UV-resistant rubber
hose or sguivalent)

Above=water
serviceable transducer
mounting assembly

v,

Flow

L Stainless steel clamip used
an srmall coalumns (Band-1e™

File or egquivalent); transducaer

= mounting assembly bolted

in place on large columns

or pior walls

|lr'!."‘[||"ﬁ'"

. i,
I;Tﬁ'ﬂvrhzm}}{r_“mm m:.” i IIIIIIIIIL |5IIL Izr lll_I:_LILLIH
=== !I'I :|-| ||l”ll| LE=11 .11

T I L ||| Tail m”Ju
I!I'_ |’“1||”m{ il e I |||”'|||“_|||q7'|r| |||
||T1|mu ||?"|Tll'-' .‘-'-m i Ly TEU) i
|[“||-1r 1[.|-Irr|II 1' III I |||i it Ill |"_- Lisw -”l" ITul

Bl 2.2-11 p &t &5 & B (Lagasse etal. 1997)

Tomsi
of reifiocind
rifEne
i

LTEL

——
i e

\ o T
\ & triver) m_J
1) La8 —
1 Wiy
\ s =t
II'- ‘/ "
P
My s plke rrlocmone i £ {eizied
= intoriaces. ] | e layer | Rt »] 1
g ) by w545 ;
e
il
B
Trace o
W pin iy e pld

Bl 2.2-12 GPR £ fcdie 7 S50 5L PS 747 A B (Millard, et al, 1998)

23, PFEBFE STHEMRT R ERIZ v AR
231 P F sEFAARTE
pEig F 5t i% (Time Domain Reflectometer. TDR) & & d g% e &R
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A 24 B (step generator) ~ M ¥LFE % B (sampler) £ 77 ;& B (oscilloscope) i
* o TDRZ. A Rh@ETEAE » J WL E (step generator) 3 & - T 2%
e ~ e T (coaxial cable ) % R P34 B ( measurement waveguide )
Fod 7ot Bioedkd SRR L BN FEpU impedance ) # i A i A 2 F OBt o
4o 2.3-1 977 o R A 2 @ﬁ%] g U ER(FHFR )R PIELE
%ﬁwmkﬁﬁﬁxﬁﬂ’Fﬁmmﬁﬁﬁﬁﬁkfmk’%%ﬁiﬁﬁ
AR ARTTERZRBER BRI EATZ lﬁ%}l‘gim"’%l‘* » dro gt
o R SR AT B 1 S

Transmission Line System.

Step Pulse
Generator+ - Sens in:;‘
\ [ Waveguide.
Lead Cable- —

’Vu : i

Sampl er:l

— L

incident.

v Nl —
! : reflected.

Oscilloscope. |

B 2.3-1 TDR & i} % 5t

2.3.2 TDR 2 » N p| Rt k) £ B2 A
1 TDR g #/4% (Yankielun and Zabilansky 1999 )

A BrE o AR RRAE > B REL A RAehEs L BLET
NEREE I TEARE R HERBPORERE R G 2 F SRS JR Y
AT RIFER 0 ACB] 2.3-2 97 o gt 32 A U ph AR E Peik BE o B
R EAE G g RF SRR FL IR e P (2003) F kR %
BT R PIBE - R E RS AF MR TR T el b
FEERLS ACTURL R R R A ~ 3 e % AR AR B E R E AU RIE R
MELATHE 2 E o
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2 TDR g P& % (Dowding and Pierce 1994 )

i s MR R R AR ER - TR ESR D - R
BREOKEPN R REERERPRFRB kG 80 Fokeands 4 B i
* IR, 0 JIF RRAFSF SE SRR 0 ¥ AT RIFR
hoB] 2.3-3 90 o g3 AT R B KR A BRE R IR 2B ES 7
PR BB B A RE P EFABRRPR RS EFET R R N F

ki B E R IR -

Tekironi
RG-58 Coaxial 1608 TOR

B 2.3-2 TDR g #/#% 7+ & B ( Yankielun and Zabilansky 1999 )

- To cable tester

||||1

Water flow

which shear and
horten cable

- J/ scour exposes flanges

Flange-cable
detail

Backfill
Shear 'Flange'

Protectied
Cableway

B 2.3-3 TDR g Bl 47 & B (Dowding and Pierce 1994 )
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1.

2.33  TDR#fH* RILEA 153 3

BRI R

PR FEATHE YR 2P Z 5 =1 k=
Q7)) REERF Fehefpr e o AT FHoc® ERANEL R
GhE St (R G mE) BEA R R G R T LD g

81 ~ 2 HEp| 4 »h

%
(\s

fh—
E

4@ 2.3-4 2 B 2.3-7 from o TR E D Ko 4o (2-1) H P OL, R

RIBTERZAFE Lys 7238 K o

B E (2003) “T# M2 3 kb wm 2452 0 kfl* TDR 2 F &3
SLERIFRATZ e = o bldeo Rz ER(ZF EokR R ) 2R
BT RGP R kL2 B @) (Dowding, et al. 1996; Yankielun and
Zabilansky 1999 )

e TDR £ Bld »t e~ k-2 i 2 RPIB R A 4 Ok S5
F okt TDR S BRENE - & 5 2 F KA & 0k S43050 0 fdept

TRt BRSPS S ES R BN § AR

A

d T @iE 0 T AR k-2 B o F 2 BTG % F kR R

)

BELEL 0 R-2 Bom K BIUELEE 5 A4 FE 0 Ao Bl 2.3-4 7o o (e et e
B BRI E T TR S e FT A AT 2 kit
P EINEE > Aok-2 oo KA 2w A AR~ F 5 kAo F 5
22 Feni £ F & i3 2ok-2 F g F SUSLIREE Y A 55 e[ 2.3-5 ¢
dREE SE BT RO ko2 RS R SRR D2 R
Boib gtk s k- R B SEEY RRe SR F SRR (FEF N AR 0 AR
RPBHEX>wd @) 2 AFTER D R ENPRFER > d 2P R T

R AT A RS RIA TR F e AL T F KR
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FRZEEIELF KRS F B MR EFRIFER

HEH—
1 T
0.8+
0.6
a 0.4
c
0
E 0.2+
B
5 0 Hi+
5
T 0.2 H
2
o -0.4H
in air
-0.6 1 : 1
Ik -F R soil 10cm water 10cm
| K ;I:‘ 71 @ —— s0il 10cm water 70cm
-0.8 — — soil 50cm water 50cm |1
— — s0il 50cm water 70cm
_1 L 1 1 1 1 1 1 I I

0 20 40 60 80 100 120 140 160 180
time(ns)

Bl 2.3-4 TDR i* f| R Bl B F » % % (32 7°,2003)

T T T T T T L T T T
0.8} ] '_l ;J' \\____ﬂ, e T -]
\ |
\/‘-\_._H.r - .
0.61 — inair i
— 50il 10cm water 70cm
04l .| — soil 20cm water 70cm | |

—— s0il 30cm water 70cm
—— s0il 40cm water 70cm
s0il 50cm water 70cm | -
s0il 60cm water 70cm

e
M
T

coefficient of reflection p
)
(18] =)

-0.8 I 1 1 1 1 1 r [ 1 1 1

0 10 20 30 40 50 60 70 80 90
time(ns)

Bl 2.3-5TDR i* f|g ip| B I v % % (1 5 ¥.,2003)
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2. 2 A LT

Birchak et al.(1974)4& 1R & /i & % #c2 fic#c > 4o(2-2);8 &1 > H ¢
Ui}‘ Kiév\‘;vlj Klp\u-g)»’gﬁfi&ﬂgl /T?,”#Tﬂt amlﬁi:%}fﬁ”f’/\j’é’%&i\‘

EeHPEFaEiR: 05
O e AR V1. Ch20 WO (2-2)

Yu and Yu (2007)#74% d1 2. 2 A A {702 Pl 25 E(Q2-2)2 A 0 R
AR AT HKndd $ PEMATZLBAT FHEEA 204
AP REA R I (2-3)8 0 H Y L8 Ly R 2.3-6 1 R 0 A R AR enE
aaiﬁﬁﬁ’Kwﬁlgmﬁwnki4LMA(LC% 222 )

TAE SR 23788 H k2 2R ETHFTF L c RF MRS

FOEEIE 45N (2-4) o

Ly /Koo L0 ~L R N = 12 L= Y (2-3)

ot (52 ).,

a,w

g e wRRIBER S L Y A4k BERBFE o R
feetd £ > TDR 2 S A s SE2 2% > dof] 2.3-8 0 £ 58 2 A PF 0
Vi o TR R A Ktk TR Sk T H AR
oo g e dmind 28 A 24)7 0 AT B R FIRDEEERL > 7 BT
FRPIBERR o wA B A LT 0 R R - B

‘Q ﬁo FRE’?JE%(% °
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Relative Voltage (V)

125

0.75 A

025

-0.25

Water M

L1

L2
N

B 2.3-6 k&) B & s R T & B(Yuand Yu2007)

Ty

. { L ] L, = length of probe in soil

Apparent Length. L,

Scaled Distance (m)

B 2.3-7 TDR #; #3087 & B
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- Increasing sediments
- —— !
- 3
< 004 b - 4
= | 5
n
=
o 05
= 1-Thickness of sediment: 16cm
] 2-Thickness of sediment: 12cm
1o _J 4-Thickness of sediment: 8cm
5-Thickness of sediment: 4cm
] 3-Thickness of sediment: 0cm
-1.5 T T T T T T T
0 2 4 8 8
Length{m)

B 2.3-8 TDR L5584 i ' £ 2 % 1 (Yuand Yu 2007)

2.3.4 TDR i f] £ B I 383%45

TR PRI F b BRI 0 S TSR @SR AUE RIHE 0 I PR R b
ERGREAFTR G R OHET R  RRR] o PR F SRR R
e AR AHE D R AFEAIFER cF SRR FLIR 0 bldri
PR RS IATZ WEBERE AL g KR AR RIER 2 LU RIFER
LB A TR E 2 E o T e B AR A LR o 4,3 BSN R B b R BB PTAL o A
FRF 2Rt U R s L A# S BB G o (i s SR
Bt g RIE 0 1 1 e £ TDR p & i i RUBLIRIFAT > 7% 7 AR50 R
¥

FEY R BRI AT S S ESER AR (B
AT HEFEE ~RTEN - TDR BRI ~ B H L ~ Bz Rl 2 ik
R BN ) R RIE (BRI T ~TDR R RIE) 2 22~ 58 (%
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/Zl‘—,

34
Nlud

BFoBETE) A BN A 241 BTG A TR N2

-

1

=
0=
=

N+
(w

PR S RBTR G R o g RPN R 2

FARE 3 T BER BB SERA R ERE Y AR NS
;‘-'fi-ﬁ&?g ’g i Jr§ 55’/ J\/n 2] /n ﬂ\#ﬁqf& , Ek'i-lj: '\\#/Pja[i {5:';% ;Pg_}':g\; /P'J;‘l.

[l A LS N, ot I | SR S O /8 ST I e < = 3
AETEEDP SRR A A RS NF B EA L k%
FrFLRE 2 A F L L BRI B2 )5 TDR B RIS 2 4h % B AR (9

%&EH%?F -F)» 4 IE ’]‘é /gi"‘ ’ f /f’ig" _’_5);?)1% o
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Z 2.4-1 238 2P|k Sz RdR B R
i TR e B PREER (K Jp | | A
22 LSl A R A Y
4 ﬁ*ﬁ -,ﬂ?-' ) £ Féﬁ K % }'J;é/ 17!?52 Iﬁiﬁ B A l‘_‘;‘_fﬁ °
X eR) @ o w 7 i £ i FIREDE 2 g ¥ A XINELR
i e‘#wtf& °
AARTRAE # ¥ W i FR | ZFBHERAZ -
FEE TERRG AL
T EN ¥ ¥ it HE | 2% | BaiRR R Fl 2 iR R
PR P BERF BE o
BRI MBI X ER
FELE
Sk 4 Sk 4 + + +F i g TR i%’ﬁgsp}% 0
AR XB IRk A
o
T G G £ FlEr | F&2 | EREmARGHERERE
ERCER N ES - 4
xR v = 4F B FE | RRCEER G BRI
FRELFUELE - AALDE
T o
bR ¥ G ¥ ME | 2% [ ikt ki i
'i!;‘_!:, o
RS e i A T
(&J‘/E’iﬁ) ¥ 7 it ES 'ﬂﬁﬁ— %’-‘Q XRF)E ?m?fé?‘"
e SR A
GPR 3£ 8] g * i ES Flg | & | K@ F oo
FEM L i BN TR o
(TDR) 32 » w w e i E ZEIRRAERTERES  HRT 0
Ak £ LR FIE -
(TDR) 32 » ? ? W i 7 E %% FeslAz 2 @ﬁ%@ﬁ%o
R PR & ER IR R B o
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B

fi
s

AT A A RAL BT EF DT T MBI A it d 2 g
ReAFEGFTAH PR R EAEUT > BHForhd 2 H2 EFRE
Fl 5 g st > TA-TRE W A SR A TR 0 R RERRE i 1 R R
1) 50 R K

-~

3.1. TDR ™R BRI B2 xR

v

Fof Mt AR R T RIS SN S B SRR S e R R R
B T UG REHEREY AARAE S0 Rk P E o
23z ok R RERIESA (ARl 2.3-2) £ i £ RE

tfﬂ
=
A
i

EFRPANT AR REANLE-WFFRF ~ o x *
2 R* o ptth o ’Zﬁ%d’)ﬁ',g/ﬁég@i&@?’mupfﬁ’nb&lgg R4 Eim
AR LR P R BiEE D R™ o AR BRI 2 EY

R ALE0 G & TDR 7 B R HE 8 ¢ 5 #1272 IR o

N|
e
u1

=
3
R

- P REF RS - TET R 0 R AR RS ST B BLE
A R F - AT RBEORBIERALE Imo FEEH R

EEREDRRE - PRERFRELAGF U TG E AR E

g—-
-~

7] o | LR o B 2.3-5 % ™ Yankielun and Zabilansky (1999 ) 25 3% egd g

BT A B RIE T MR DU R R RA e A e PR o B

ppuu

BT PR T HE R E A G Td E SRR Y
FOURT L AMEL R R 2R AR o
ERBEASFADRRE > AWE P REFSHF

L2 ERIGATR o A~ RBIR RIEZ LT
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ZEEF AN A W LR 2.5 Ao B 31-1 T o SRR R S i
WHREE- R R A ERRL GG B S R R RS
ER? LG o AR PIER LS EMm 2 I gpmean S Epes 540
AR OME WAL BIRITAE X FE PDHE > B e B a1 o

S E SRR R 98 R ch e S SR §R TE .

A AN GACR R A WE g S AR R RE

\’

steel wire
wWrapper

AT AT AT A ™ AT AT AT A 8
_ : :

steel pipe ﬂ steel strand
copper wire

(a) (b)
B 3.1-1 % 315 2 TDR A" R 2 RIE #IE T L () 8 R E(b)
SRR E

312 FPERRFRARBRERR LR

B E R R B2 R 0 A E P oA, RN 0 B R
PRokinz 32 R L BRI A R R R B RACR
T3P AR BIEVIRE F T T (T HA 0 FWARE oR 3.1-2
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l.

S ELER
i AR e B
MRS F PN E AR RAEE 0 FHE 25em s B 25cm - A

SO0cm 2 i PR R4 FIE iRm0 WE) | L BAE R iF 20-40 B4 eh

BRENE T Ea P AR R wF(e PER)RE TR BHRTEM

BRMESE 310

2.

%

(HE= H*HRE ImmzZ & RPrEEDE R -
(2)}&,;@ | BB *g:ok N \55@%“ o
?%ﬁ%a%

(1) % % 124224 3 %41 * 4 PCTDR % & TDR F 5 k *742Jc e
A A 4e B 3.1-3 0 I 12 matlab £ 8 4750 18 (7 4 47 o

(2)TDR ¥ btk : RRAZ L B fci 2 RE > 27 #1 * 2 TDR
F %tik » HL1500TDR B] 3.1-4 > -,ﬂﬁﬁ?ﬁiiir'% 3.1-2 -

(3) B aR - — ¥ L 0 4 (Coaxial Cable) 5 @ iat - A4z d p
IRAHIPEM -SRI PEREERE S ERERE R
FhAR 5 4 HL B (waveguide) » T HE-T R R HIH ¢ Tk T B
SR

PERER ) AT

(DEPRIE T domifa LEFRFITWIEHIR* 2 L RIE o

Q)#HP-F L T ¥R H-TDR 2 452 it kg lﬁs@'i’ﬁ%]ﬁf@
R T o

B)A A E R ¢ # * k8 PCTDR » B 2247 B T & (7 4 4] B~ o

@ kif: 5 TR PBLETRET > REREE B

AR AFENFRN AR AR RN E R e g )
a3 e
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(5) i MR FE UK RR VO JE (T (8 > TV B Aok e g
G AR 2 fgE o AR S SR 10 2L (k%R E R HeR
BRI R i b

(6) A 2| gt A F %R A1 > # PCTDR #1#8~ 3| ik A 4
* Matlab fp4ci2 (7t %t BiE A4 T F B o Wi BT ehd
BB EA gt > 2% 4 Rt i o B FRPIER D
‘AR IR

1RV USRI NE T RE 0 B A1 HEp TH ORI R A
o33P RN R o - ARG R BORAEE (N )~ o idp (R 0 T ApdE
Pl 2 A R RIE o ho@] 30-1 047 (TR B AL 70 F B B
d b poe - R RFRPERA R 2B R i RE RE
RO AR PR RY TPV A RIITHA L %k ik
BZREYRS TR 2ZFIA 4 o

F- 26 o g A RRTRM - A ¥ 3Rg ARFLenpep o & F g
Wie ke RIEFG AR s ey £ 0@ 2.2.2 & ¢ HhE i (2009)
TERF 2 PRB R N R R E R E B G sk eh NS el IR e 4 0
B- B R o F AR T Y ARG R AN IR RE T
F1* BTGRP B BRIFAARE TFERT BT R G AR DTS
Em Eft.g,.},a' B?m“'] £ it o

TDR # ¥ 5 & @%J’ BET UG E AR RPRE FY AT R

FAHMmE 2R PR EGR o DS DA Y IE R BB
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F - o _\_\--\-\-H‘-.
 cable .

"
ry ",
s
o

TOR 0D
Pikee
Shem
- m\
Bl 3.1-2 F NOER R RR T &R TR
PCTDR - VWersion 2.01 M= E3
Eile Settings Options Help
~Cable Waveform Probe
Vp Average Points Start th Length Oftset
[1.00 |4 |250 [1.00 25.00 [0.30 [0.085
{0.110 1.0) (1to128) (2010 2048) (-2to2100w) (0.1 to 2100m) (0to 10.0m) (0 to 0.200m)
~Multiplexer
« |—Newxt Prohe
~ |—Prew Probe
Mustdddr: 11
~Graph

Get Waveform I
[ Continuous Update

Capture Dwtrlayl
I~ Owerlay Visible
~Calculate

BulkEC |
|

-J..IJ'J £.00 1lL.00 1E.00 2l.00 28.00
Water Content |

di=ztance (meters)

Adjust Axes Flnngﬂ I

refleaction coefficient [unitless)

B 3.1-3 PCTDR #% i* /4 & (Campbell Scientific TDR100 & * &+ p )
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lE| CAMPBELL

SCIENTIFIC
INC, vope e

£g £ IM.N:E.&LH. [-¥ ]
THME Dl b REFLECTCMETERN 18 Ll ]

A
UM 001 |

MADS WEHL

B 3.1-4 TDR100 & &+ ik (Campbell Scientific TDR100 i * £ )

3301 REEARBEEF

WA Jes ER(FF R 2005) W IER)
T i ydmax(g/cm) 1.87 1.60
B3R R 7 amn (gem) 1.50 1.36
- 2.65 2.646
Deo 0.45 0.82
Dso 0.395 0.65
D30 0.305 0.42
Dio 0.22 0.29
353 ¥ Cy 2.05 2.828
b % Gk Gy 0.94 0.742
FLHL e 0.56 0.788
Fo—- 2 A NE SP SP
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% 3.1-2 TDR & 5 ik % #14+ % (Campbell Scientific TDR100 & # £ p )

R A

i

pulse generator output

250 mV into 50 ohms

output impedance

50 ohims + 1%

time response of combied pulse
generator and sampling circuit

< 300 picoseconds

pulse generator aberrations

+5% within first 10 nanoseconds

+0.5% after 10 nanoseconds

pulse length

14 microseconds

timing resolution

12.2 picoseconds

waveform sampling

20 to 2048 waveform values over
chosen length

distance (Vp=1) time (1 way travel)

range

-2 to 2100 meters0 to 7 microseconds

resolution

1.8 millimeter 6.1 picoseconds

waveform averaging

1 to 128

electrostatic discharge protection

internal clamping

power supply

unregulated 12 volt (9.6 Vto 16 V),
300 milliamps maximum

temperature range

-40°C to 55°C

dimensions

210mm x 110mm x 55 mm

weight

700 g

3.2. TDR 2 A FFi g4 47

-2
2R
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Reflection Coefficient, p
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