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Abstract

Soil nail method is frequently employed to enhance slope stability in
Taiwan in recent years. But there is no simple method to verify the soil
nails quality in domestic constructions area. Therefore, this study aims to
provide a soil nail inspection: method to. meet the requirements of
reliability, efficiency and economic feasibility. This research is based
upon the time domain reflectometry (TDR) ‘method and refers to the
experiences of Hong Kong-researches in order to.improve the quality of
the soil nail works. According-to the Hong Kong researches suggestions,
the standard configuration of the TDR soil nail inspection is analogous
with a parallel_transmission line if the single electric core wire is
pre-installed along a steel soil nail. The twin conductors act as the TDR
transmission line-to detect the soil nail length and. grouted quality
simultaneously. However, the preliminary technical evaluation revealed
by this study points out.the practical limitations from the Hong Kong
existing method. To “solve ~the aforementioned problems, this study
proposes using a coaxial cable to replace the single electric core wire. The
development can provide the quick soil nail length check by measuring
the coaxial cable length. Meanwhile, it also can use the outer conductor
of the coaxial cable and steel bar to form a TDR waveguide and detect
soil nail grouted quality. Our research trial have shown that the three
different length soil nails measurement error are all in less than one
percent and the two different void sizes soil nails measure result are
all less than five percent , the results show that the embedded-through
coaxial cable can reliably and quickly detect soil nail length and its
backfill grouting quality. We have some initial test case in field. Based on
these verifications, this study provide a standard TDR soil nail testing
method in order to enhance the quality of related constructions.

Keywords: Time Domain Reflectometry (TDR), Soil quality control
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Resistance

Rs:  Resistance of the steel reinforcement, connecting
leads and remote current electrode

R.: Contact resistance at the conduction mode interfaces
between the steel reinforcement and cement grout — Grout sleeve
sleeve, and between the remote current electrode
and the ground
(change from€leetronic to ionie conduction mode)

Ry:  Radial resistance across the grout sleeve

Ry Ground resistance between soil nail and remote current
electrode

Total electrical resistance R yotal
= RS t Rt' t Rr } R

gt —— gt

Resistance Resistance Resistance
(steel reinforcement, (grout integrity (geology)
connecting wire and  and nail length)
electrode)

£

Steel reinforcement

Remote current electrode ——— =

B 2-8 I B4 47 12 F]5 (Cheung,2005)



Ammeter Alternating current source
%
N

Electric current

clectrode

-_—""-‘—-._\____
'\—-..,_\_\______

—

—

LElectric potential

electrode ——

Steel reinforeement
Grout sleeve
Equipotential line
Electric current
flow line

~ 20 -480.m
(egual)
NN U 4 A

=

= v
2

2

- 0

2

g

2

=

Note: Riotal =i

where Ry, 15 the total electrical resistance associated with the soil nail
and the ground between the soil nail and the electric potential
electrode (ohm)

V and i are voltage (volt) and current (ampere) respectively

Bl 2-9 & A+ T ez £ P e ¥ (Cheung,2005)
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Electrical Resistance (£2)

Significant increase in electrical resistance
(R¢+ Ry ) and hence total resistance (Rygqa])
possibly due to defects in soil nail (e.g.
presence of defects in grout sleeve. short
reinforcement length, etc.)

Variation of
total resistance
(Riotal = Ret Ret Rg)

Soil nail
no. 1 2

Significant decrease

in electrical resistance
(Re+ Ryp) and hence
=TT total resistance (Rygal)
possibly due to
formation of a

grout bulb
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222 REN2Z

2221 H*RE

SHGIE S B L AkAEY ¥ (ASCE, 1998) »

LA Fpp R TR - BT AT At 4R

B -4 4717 5 T 0T 4R o 1395 Cheung (2003)#77% » g+ = j2 ek &
RILL § T 7 i ol nihd e B Bt S TR E TG

TRAA G et dedek BRAREFGIE 2353 & F
HTAGN € RNGE Bk o® dof] 2-110 B 7 e T R
MR R AT T G E IR IR o (e i st ok
SRR S ey N 2N A I S I B 2 A e gVl L S N

FiF e Ak R AERER T FRERIF - Sa FR2

T RIS FRIEDLREVTEER R 0
2222 R
A2 DR R AoB 2-12 77 e R 2-13 > H £ pleha

Bl R GRR S DT ONEFTLEG AT AT o

gt
3
E
=H
&
=
A
(=
&
|4
ki

ik b E g SR E T DT RTEERIE L B
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Fregfed BT ek R o @ @Ak AR 2 i

=
N
oy

| | }___ To distant
earthing

oV

Equipotential surface Steel soil nail

Bl 2-11 236+ L & Uk 35 7 «nd k & # (Cheung,2003)
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Position of steel so1l nail
=
5 l
° |
= i
3 !
E :
Q |
2 |
3] 1
i !
|
|| f---em To distant
earthing
i al
Electrodes = AN

B 2-12 LB BT 1
(Cheung, 2003)

> TR EREET R
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22
=t
oL
) W
Steel soil nail o
O+
w
O O O —O O O
| 48 | 28 LS s, 28 | 48
I T T Cl}m 1 |
w
™
Bgs
w
~
QX
Legend:
O Electrodes
Note: The spacing and the number of electrodes required depend on the

variability of ground condition. In general, S varies between 200 mm
and 500 mm.

B 2-13 7 %' % 7 & i K (Cheung,2003)
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2231 H#+RE

FEmA S A Rt I PG R A AL - R AR
o Flptdok IR G - 2 4 PRIV LERIE S REF RL

P03 eehiz g o & B2 ARG L p A ERE SR -

Y

BAe R B fedn 5% ongp ke 3 RBR, TES B S e 22
TRRIFIE SRRl Ad Bk B g o WA ST R A 4P
v R R RS R R RIE T T 0 R RIE R
BHAEIF R 0% 1 (Cheung, 2003) > «F g% F TR 4a > 2 R it 4
’*‘ﬂ*&mﬁ*@‘??’ FEF AT E RGeS AR

/EIJ o
2232 BB 2

e g2 R AcR 2-14 ron o £ RIS R & G4 ST
WES BPARTL o KBRS ROR PR BB g RER F
R RFEA K > TS RRIKRDER - B4 R RIRE R
FERR=Br I e ouimomferm, P - B3 T
FRA AL TAA B LB 0 b n o SEEHTER

Bl L) KPS IRt R 8 o] 2-15 91 o F B
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Fhb g S U 5 A SRR A L o R

Oscilloscope
r ooo
oo
),;f‘*\\ y 2?_”
Output / = Input channel
channel
Transformer
| = 10 mum internal
dia. pre-installed
plastic tube for
N insertion oi;i
- receiver an
_;;_ 177 » emitter probes
Eecerver Emitter i | |
probe probe {
A
|
T
Steel bar g
Soil Nail
Grout \"---____.--""'j

B 2-14 v &2 f&‘.‘iE‘Jﬁi
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rd

-

e

/ Steel soil nail - Soil ~ Receiver probe

o >

|
A
ul

\ \
Plastic tube \ Grout \ Emitter probe

- Emitted éignai

DR S

_Emitted s'ignul'

: ! i
: !

: H d
Received N Received P14 1 L 0¥

7 signal INAo P U NA gl i~ L F N

Probes at Position/A Probes at Position B

Emitted and Received Signals Shown in the Oscilloscope

B 2-15 @ * &4 ®RE P+ 4% 2 (Cheung ,2003)

224 WEFL 2

2241 AARE

WEwF AR 1983 E > 4 2 REFIRE 2 B HR
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(National Institute of Standards and Technology) 4*¥t4z § & AR &
AR R ] (Plheg A THTH R R > FEE R LE
WELFFRT 5 X)) S PR - BRMESF AT A AL
kARl 2 & FRIBR 7 o

WEw 2 PR S RS L R
AR AT BT B RO R FIE R R 3R e
B A E G BER A 3S RRE EEEUEL o Bk S oo JIF A9

L R

¥

b BRI BN R L G 2 F A kv g R
A7 8 s A & me B SRR A o e B B fF

PP ek B oo
2242 Eip?iE

WE w2 R R Ao B 2-16(a) 7w o Rr R R AR
feihg A F SRITL ERIKAE > TRIFHR— BRI SD
HoNFRE e Y AR ERORFrRER R F D
B 2-16(c) 5 Chak £2 Shen (2006):% i #if & 32 47§ plenE
B E BB A E B R R R 2 Bode b R T 5% i
fosgfe i r 2 &g 3|3 @ R ehE S gl 0 sk S HepiR T

TR PIHIEEE B SR B AT 0 1L A A FHIE D TR IR

Bafs 0 F P AR KERIET BREDF RORAPRFE > T g
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2R R AR Rk kP E L R R o

sile:F2 il Mo F2a30 Diam: Ximm Shrength.C30 Velocity:4 I0kmws  dabe:3006-0-21

l || L Onginal waveform
{1

— il -
i}
I i 1 N S S 0 U W R
oa I 5 g 1 o 5H ; mn
Step 0 - original waveform
gilgFl b o2 Dok 32w StrerwgthCH Valocky 4 3mys  clabe. J006-9-21
i Motch identified as 1* FmedB50.H
i \ reflection of wave

A o
f e i M Jod ] . e = S O S S vt S5
it B _:.r [EFat] WHr)

siteF2 plle NoF2a3F1 Drain: F2mm StrangtholX)  Voloclyd Mkmy's  dabe: 3006-0-H

:1 Sharper noteh here
‘i.l"_._l_._._._ . Ay ivVeEs _I_ ..... L i __n_l_._n_
WA oy
Step 2 - Trans formé?reqnenq wav eform back to time dounm and apply a 1er- high
frequency filter to smooth waveform
sitefF2 e NofZailgl DI | StemliCn  velokrd.subiys  cate; siko-iezd
3 . Reflection noteh identified as the
5 ﬂ ﬁ/ sharpest one

|J"IU\H - = N\ ;l—\r\ ; e

'
' _-_J_f.i__ L B |
179

Slep 3 - Magnifv wavefnrm using exponential f"mor (e.g 14. 41}
(d) Example Test Result and Inferpretation of Sonic Impulse Method

(c) Hammers and Pins forSI!ikmg

B 2-16 § A® § 2B A& B P52 &% (Lee ,2007)

225 4 & TRAAPESF S

2251 A*RE

+ o 7 Bk BB F &2 (Electromagnetic Surface Wave Time
Domain Reflectometry, SW-TDR) » ] # & & "% B 3 et 5Lk
P2 &rdpdt s TRIFHREL e AR OR e B3R 4o Bl
2-17(@)*77r o LB % i P Lepjip* ¢ HH1F Skin Effect

HEFAREFNZEFTR TR I = F oL Fl 5 AR



B 2-17(b) % Tang (2004) =74

BV pE I e bt BB o

2252 £iR?iE

- BE A e BB Y b

AH AR A0Sk

T (o A g e

FiR - RGO SR Fapsre oom B3 peh1 Bt

PO ) AT L IR & L R R

FLeng it o drk P R B E T F

2-17(c) = Tang(2004)F= § B Ff 77 %
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Electromagnetic
wave

Bebar

e e A A N N RN NI
Cement grout —

(a) Surface Electromagnetic Waves Propagating along a Conductor (Tang, 2004)

Rebar Vd Febar contactng soil

EM wave
armval at soil
nail head i
g Homunal Eeflechon
E 5 lmpedance : signal from
& Pusltw.e wave level Negah_tre wave coil nail
= reflection from reflechion from and
vold rebar/sotl contacting
regilon i
."

Time
(b) Soil Nail with Anomalies along Rebar (above) and Corresponding Idealistic
Impedance Profile (below) (Tang. 2004)

THstanre ()
-1 1 a 5 7 & wuitegmal 14 10

4H 240
= | i rens profils =
E L 8 | e
3 eading reflncton . -
2 a0 \ L} e 150 B
= N Pateuil il it el il a ﬂ\\-\. )
B L . . - H
: - i - ¥
5 4 .rJI nomine] pmpedance “..__‘ 120 =1
P L - .E
B ] I { | lawel for voided region | - aq E
| N ] "
_E | ! Tingedan & profile -
=~ o7 | T ", L % e noeniral mmpedanco B0
g ,I‘l vigid ..- I e Tewel for proded
artiad void " !
E g [ ' d bonded length regon f an
! e ertering Anchor head
& 0 .
1] o 00 ann 400 00 B0 ToO 8on o0 1,000

Wave Prapagation Time (5

(c) Example of Surface Wave TDR Result Diagram Comprising Potential. Current and
Impedance Profiles (Tang, 2004).

B 2-17 # m L pFis & 4% (Tang ,2004)
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P A FERER MR 2 YV FERD T &Rl Ao

fE )i’ff"}'ig’/g J\mﬁ l[a;rdl'% %bﬁ/ék\%g.Oﬁ?‘Pﬂ/z#&a?‘k

THE
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i\
-
focd
(Aa.
N
ol
(=
=R
A
(Sh
o
ik
\_
3
d
e
T
\3
|
-
=
=
>_\.

oo L PER R 842 X T & F »c i SKin Effect @258 T RM
Whd aan st de Bl RIS E € R B

R LRE PR G R E R
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23 FEEBF MR ARE

B HAPM R T AR DR R 0 A B B 1 e
( Geotechnical Engineering Office, GEO ) # d1 P&t & &2 (Time
Domain Reflectometry, TDR) & & 7 % B B4 92 /2 o Ra P o 3
EAEH* 22 TDR 3 2 vy H ] Flpt A7 3 AT U & 52 5
2oeg %G TOR 2 @R L RS v SRS Fam=i 3
pFI8 & 54 ik (Time Domain Reflectometer ) & & d FPEEE7% e
Bk A 2 B (Step generator ) ~ 3 HL$R % B (Sampler) £ 7 4 B
(Oscilloscope) e =0 3 ik 2. @ %J i 42t B e b 47 (Coaxial
cable) 27 Rup| ;& B (Sensing waveguide ) s 4@ 2-18 #17 o #
A B PRFRLEN S BRITS FUBL IR L R = o TDR 2
AARIEE - GFEAPE 0 J PEREREA AL BEH - TR
REEE S T A RBIEAE 0 Td ol Biesd TR BIER
BN e (Impedance) 7 i Forid 20 F B¢ o Bt B2 %3t a R
BRI TR BB ERIEREATZ PR e

BT ED F MR oA T S -

7

\
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[ step generator) measurement probe
Wy |
_J 1T -
sarmpler coaxial cable
W ' A y !
I_‘t transmission
- line system
| t
ozcilloscope

TDRE device

B 2-18 TDR £.p| & %upe® (Linet al.,2007)

24 PFEIBE SHEA I SRR B S S B

241 A #H%61%AE

90 & R ABZ EERFE R IR T 1 fRhg

(¥

i

2B A P Al e B B F AT 2T 4R
14RO AEREMAMIAESEE M E D% 2T o0 F]pt 42001 &
% &+ + 1 #2 % (Geotechnical Engineering Office, GEOQ) i fx#*

WM ES L KR 2 4L B chse @ A 2004-2007 £ B

B EAES RS FRRRLE O TR EEENET (TR

A& R Rl ) TDR ek Pl LRI S B & 3 B B4 (Tang
and Yeung, 2006 ; Cheung, 2006 ; Cheung and Lo, 2011 ) -

PR EEY 2 TDR 2 474k > 2> 2f1* - Ho T HFRT
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FEEA Y AR B MY L 45 TDR A 4

L B E RS D SRS T R R W

2-19 #4757 o @ X gk R 3 g w IR R R T el AR R ) de
fr

2-20 #om 0 A& AFEHR TS ok Rend 4R E H D dren

THE
7
“3‘
Sk
2
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34
=
.
3
gEt

R TG NN v E
#i# > & > Cheung etal.(2011)4; ﬂzwi;i;;‘i%%%gﬁ% B> e B

(==

Ep R ol B i) %ﬂ%ﬁ%ﬁ@%ﬁ%&ﬁ%%x%

Soil nail head

10 mm-normal dia. hole for

passing through of wire

— Cement grout as specified i ().

/ Approved solid copper wire of diameter between

. 1 mm and 4 mm with insulation sheath to be fixed
— Centralizer alongside the reinforcement bar

fDA, / Approved coupler as necessary to

/ facilitate installation of soil nail
— Inelination of /
\\Zt': soil nail as / /< Hot dip galvanized type 2 high yield
- = pecified /‘" /" deformed bar, diameter as specified

— End of wire without electrical
/' contact with the reinforcement,
__'4 e.g. wrapped with plastic tape

= O,

l - . . 4 ~ 1 L en, - -
— End of wire with at least 25 mm insulation ‘8th s g -
e Pecuf‘ i

removed to be firmly fixed onto the steel
T

reinforcement bar
/ Grout sleeve

/ \ Insulated solid copper wire - Y

() )

| o

\5\{ AN
Reinforcement bar I‘ 50 :

\ min/

 Plastic tape

Section A - A

Bl 2-194 &4 * 2 TDR 2 & & & &P %

38
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Direction of pulse - .
- Test lead propagation 100 11300 100

Pulse genesator _l — Soil nail head e Cemens zrowr — Rainforcement
Wire
a |
i=1v)
=
=
g F\\
= =] - o N T
ED ) f’\
2
| I
I I T T
0 100 200 300 400
Time (nano-second, mns)
(a) Fully grouted soil nail
Dhirection of pulse o I 200 2800 200 380 -
. - Test lead propagation 100 3go0 1200 2300 200 3800 100
Pulse generator j r Seil nail head — Cement grout Pamfore
f Wire
: Soid
&
= ‘ | Woid
= |
=l u.x.-_-e__ __/H_,Jf_\_ ____________ e
=
wa | |
| |
| |

o 100 200 300 400
Time (nano-second, ms)

(b) So1l nail with defects in grout annulus

B 2-20 4 &4 % 2. TDR 2 & £ E#&p| %% = ;2 (Cheungand Lo,
2011)
ST AR N B kv A
FAELE e QRO R R N £ pRTES HH o Ao
Bl 2-21 %5 B AR E i 180 B ehfiz 3 & 8% k0 2 4

¥ PEATIg A R A o B (T AT E R R
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’g 3T~ Ki/g
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TR

e
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Py
RS
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el
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iz 1fAp
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Flot AR R S WA g A (AoB] 222 417 )
VFAERFEY - 2T H > THE 2 E T HR BT

FERE &R I 2 FTHABER > FLYES

FrOAps, ¥ - s Fl T AR RE 0 R REEN

\3

f
3-8
:ﬁ
i
=%
%

FIU T R RKRRIY EFER o AT Y HERC

ER N 5
R L ) - TDR 80 e R 2w R T

1A= iroutConvial o e Serialized _|
- ,__1 endeap
ot Baorehole
Serialize —~
endcap 4 Connector —~
(Figure 2) ol _ =~ -
"'_'-_’-'_H Grout ~ | Soil
~ Nail
Coaxial
cable 77
Strain =~
= Gage
PC (not implemented)
Section
_ Housing
Adhesive
Serialized Seeth
sndes ection
endeap >3
Electronic
D
Conneclor

Coaxial
cable

e
Soil
~~ Nail Comnect
“onnector 4 = e
Soil
o~ Nail
Coaxial

cavle SECTION 4
FIGURE 2 SECTION 3

B 2-22 ®¢t4p i TDR 2 4 £ B # ip] % 2% ( Zostrich Geotechnical - 2011 )
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Bl 3-157 § A2
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3.1

3.1.

Frig B 642 At 4 SRRl 2 fie B e &

1 %% TDR 2 4 RIRIR=R

R EAPM Y pRER o B OGRAY - Hoo TSR 7R
Griplf > I H s A2 47753 TDR hl s FE iR 2 b
BREwgER > ARG AT LR 0 E G ] AR
A7 K3 R (T Rode ] 1352477 0 EE - 5 £ A 1.5m
B AT 7@ 0bm ehd gy 53 0GEM - L K R 3m el
& ARG ST 15m chd gk 5 b5 A B)Er TDR100 = % 8 ip) 7
RIE > B X ArB] 383 17 o B RIAA T g i B
OB BRI PR A A S R R R chi R T Rk -
2o AP A_PF Todre ark & L=1.5m 7 o8 i 27 ki cnt
B Vp=0.752 » L H-H G% F ridsk - TRl BEHE LA
5310mewE @ Hoo T HRITS TDR iRl dripeny -
B GIRE Ao * YD N Pl Ak ERY g2

5 E R 2D -
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(@) (b)

Bl 3-2 % P ARAIS RARIERR)T Tl 4 5 B (b) B 5

g 5%

1.2 T T T T T

p

Reflection coefficience,

o2t [__Steelbar — | experiment1

-0.4f wire

— Exprimentl

Expriment2

oo [T T T T~ :xperiment 2

L L L L L

0] 20 40 60 80 100
Traveltime (ns)

120

B] 3-3 TDRE iP5 %3 25 1T 732 % T HAR0 4 5

B2 MY T R4 S ) f
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312 #:X TDR * & #plfe g 778

AEL P RABEAPM YR DY RH U AT RN
- RER T2 A T AP Y pr% g L H e TR
R WBA-B 3-4 9757 > FIH S Linge] > T UM LR ER
Az A g 3o oa e phT FARF AR 310 B HRIRL Ao R
354177 » g A T A ERIF TR UFET W12 AR T
*%%?ﬁﬂ%%ﬁiyipg%’ﬁmii@ﬁﬁigmo
B ARBIR] ) GRRT FLe R A AR e A It 2 2 472

RFE R 2 AR LR o R R s R

Ao
% 3-1 QR320 s & A4t

S QR320
M g8 2 /T (center conductor) 0.071”
*F JE (jacket) 0.395”
T 7% 7% & (capacitance, pf/ft) 15.3
Fe_(impedance, ohms) 75
B 84 L= (minimum bend radius) 2”
B~ 4 (maximum pulling tension, 1bs) 120
T # ok i & v (VP, velocity of propagation) 0.87
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1.2 T T T T —T T
. Fully grouted soil nail
Mo, /A e = N B L9 W@ Soil nail with defect
0.8 A ' 4
Coaxil inner +outer i
= % gonductor I
_ 04 e | S
§ oty -
3 ’ \
= \
o -0.2F \ T
A yi R h
-0.4f .
Coaxil outer conductor+
oer Steel bar
‘08 L L L L L L
(0] 10 20 30 40 50 60 70

Traveltime(ns)
Bl 3-5 PFisf £ ik o 3 4 KR R RIS W LR BRI R
313 # 7 TDRI & ER AR

Al > AFTHF ALY ¢ wERGFRFREFE



RV SN TR L TR g R Vo RS HEY £RIR
Fdh 3Tl kAT @A F 2 VY @il b
BEER DR R BRFV IR TN S R ph S R gy 5
S AL BB - TDR % ek % W38 Ve fok i #) kst Ve
gAY LRI drenii AP o AU TS R vl g Vg

AV E AN 31 w2k E vl Ay s enk B2 ?iﬁié%}%ﬁﬂ%

B o
To X L—X
—== . (3-1)
2 Ve Vair
He T b3 a4 s L B4 g5ese s XcoR g3 8

fﬁ%{fﬁ 9VC/pl‘é—/E‘/;’ii Ul @i ek B s Vo BBl i ;l—"’—!?

Fwd BiEgnk R

32 I FRPIEERD

321 ERRAAMEE

e erig % HTDR 2RIK & 5 # K Campbell = @ #7242 &
1 TDR100 > 4- ] 3-6 #77+ » ¥ fic & % 1 B (Multiplexer) F pF &
Bl TDR g iRl % - I $Efe T A #5~ £ (Datalogger) £ 7 ¥ 42

SEUINNE S STESRAE
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PREF LT DA F R PR AEHOFRM A ER
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EAS @574 & e TDR20K # 185 i 23 TDRE* -

£ 3FNTDR20 4@ 3- 7517 Hi&#n e 2 -t ¥ F7ITXK
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FTHERHT o TP R ERA TR VAR RS

CN
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% i3580t 7)o @ TDR100 & TDR20 i #8448 4 4o % 3-3
S0 @B 5 A e & L Bt TDR20 e pedgfats B L o] &
254 24 » @ TDR100 £ ¥ i 1.8mms kA= 3 #-4 u] ¥ %326

HEplenw T
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[l:5 SCIENTIFIC

THAE DOMAIN REFLECTOMETER

Ul 1001 ]

® 3-6 Campbell TDR 100 £ il %
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517438 o
44 3

20
48500
El Pl

92

2938

B 3-7 AEATDR 20 & Bl %

# 3-2 TDR100 z #~f.#&(Campbell scientific Inc.

2008)

TDR100

A A %éi%] 41 (pulse
generator output)

250 mV into 50 ohms

ﬁi%] 41 7 Fo o (output
impedance)

50 ohms £+ 1%

% frE A (pulselength)

14 microseconds

R 2 47 & (timing
resolution)

12.2 picoseconds

P~ & BL #c (waveform
sampling)

20~2048

£ J7] # [Fl(range)

-2~2100m 0~7 microseconds

A A5 T 9 =t #ic(waveform

: 1~128
averaging)
TR E R R
Lo & (power 12 volt
supply)
& R # [ (temperature 40°C~55°C
range)
& =t (dimensions) 210mmx110mmx55mm
Z & (weight) 700g
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% 3-3TDR20 # # .4 (AEA technology INC. 2011)

R TDR20
XST f A 1in(2.54),0-5000ft
(display 5°4inch(1.63m),5000-10000ft
resolution)
BRI R
(measurement 1-2 updates/sec 247 R * F
speed)
Fe g F] 1-1K Ohms f#+7 & 0.10hms
( impedance range) | % 7z & <2%
P FLAE 7T
(impedance 0-20,50,100,200,500&1000 Ohms
plotting scales)
LR R
(velocity of 0.20-0.99¢ %47 & 0.003c
propagation)

£ ipl # ) (range)

0-6,600ft(2010m)

7z %18 (memory)

99 5k ¥ % Be¢ 15 55 Xl F AL B

p 2R3 R (Interpal
power)

8AA Alkaline, 44 =

*k 383 Jh(External
power)

15 voltDC @450mA

& =t (dimensions)

216 mmx109mmx57mm

£ & (weight)

923g
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322 &L REBR%RE

AETRHT CRABRM P BT R R
20 E AR R > B 3 ansg i #8 (2 /2 254 cm) hv &
i 55 ;Eﬂjﬂff@_ & % 10cm > ;ziaj{cw b4 W) 5 71.42% ~ 83.33%Fr
90.90% - ?'r’ié’ifg{» B 4 %) & 50cm ~ 100cm §= 200cm » 4] 3-8
Srom oo @ 4 ATHEALE R i ARheB] 399 4TE 0 F AT TR kb
SraL LR R F R I e P RCF RIsE PVC g
BUIVH O B E RS G R B 2 ME Ao @ Ry Rk
YRR e o S TAALR T e 3N Efe 17 2 4R Rl T
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TDR of cone reflection coefficience
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A (m) P T(s) (m)
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2.2 452.12 .3.74*10" | 1.69*10° 2.208 0.35%
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- T % U g E
(dataNoint) at 5S5 I/ < N
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0.7 2043 | 1.840%10%1 5.41*10° 0.703 0.33%
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# 4-3TDR100 & P = je 3 433 48-w 3§ fﬁ%?‘ﬂ"—f—é 2%
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