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Analysis of the Time Domain Reflectometry
for the Monitoring of Rock Displacement

So-keul Chung

ABSTRACT

Two types of deformations can occur on the cable during the monitoring of the rock
displacement by the time domain reflectometry. One is the impedance model for tensile
deformation, and the other is the capacitance mode! for the shear deformation. The former gives
a response signal with a gradual change in the amplitude of the reflected voltage, meanwhile
the latter produces a signal with a blunted spike. The resolution of the TDR can be improved to
0.125% using calibration crimps on the cable of 60 meters long. It is recommended that the
diameter of the cable should be 18 mm at least in order to induce a better reflected pulse
without any open-circuit. The actual TDR technique cannot characterize the type and the
magnitude of rock displacement quantitatively. Systematic investigation of the TDR parameters,
such as the exact effect of cable diameter, cable length, number of crimps, combination of
shearing and extension, and environment of the TDR equipment, will be able to improve the

resolution to 0.01 mm.
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Fig. 1. (a) Installation for monitoring of rock defomation;
and (b) associated TDR data for deformation
iongwall mine (After Dowding and at*)
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Fig 2. Idealization of a coaxial cable as lumped
circuit system.



EXTENSION

a) DEFORMATION
TYPE

SHEAR

b) SET-UP

<) DEFORMED

SECTION
d) DISCONTINUITY
TYPE TYPE |
&) LUMPED-
[ AC CIRCUIT Z Z Zo
) STEP-PULSE ">

RESPONSE

al—s|__pal
p= ACHZo #) SOLUTION _;4— —~al

2+t _Lrls &
ZivtZo  ai

——\/}—5- h) FINITE RISE- -“L___J'}T
T TIME RESPONSE T

Fig. 3. Relationship between cable deformation, type

of reflected signal and idealization for
analysis.

A7) FAE T YA Ao} Foles AT &
Asto] Alo] B2 Wigo] Yot AHES & + U= S
ol g3t Zeo] ntE A7td ] WkAbg(TDR)elt}. o] uff vl
Agle] 73} gl FE-L- Alo|He] Aol whet FetAlch

AlolEo] W A7|HQ] EAHEA S AP 7+
o wia} Zebd 4 glon, o] HiAgte] Ty o
Alolue] Wy wel migwl Feke] Agl Foll s
HAEE Feld 5 vt Agho] doubA] b= TEM
e Fu57t Z7ME v AR R Febr o
Aol A A gIHE EA slof ghet. 7 Fabrol] s
£ AZL e EH dIZ2d 5 9o FoiAl AH
oflAe] Hxe] HF el H4H AP S 4 Fa
92 Fourier W3hg &3l 78 4 Ut} ol=idt
W3S 2] AAE g9 A= FA 12 mm A
o] 89 7% 152 m AHlA %72 Bt 3.4% 4
z]o] Yeh}b Rise Time(A 927} 0.2 HE] 3 thX)
72 sEed dele A7he 20% ARk =3t
1528 m Aol A% A X7} 29%, Rise Time wH2]
33% A% Z7}Ech. Rise Times A% 9]
o2 vl 4 9o, diEA 9l Rise Timeo] 110

Blde A5k 73

pseco| B2 FFHA4E= 152 moll4 3.2GHz - 2.7
GHzo]9] 1520 moll4l & 2.5 GHz & vehdr}.

th¥-2e] TDR #lo]&2] Zel& 60 mZFE 240
m7hR|e|n olzgk WHejollAe] ZAAHE W Rise
Time?] 71 A & A& AJ7t=7] ufitell 2t
4] ©l Rise Time?] FUQIQ) A&# AEEE FA3}
3 HbAEE BAEE $8 ZAolth a2y AlolE9
Ao|7} 4+ kmr} ¥w Aelaslel Higher Mode #.3}
Z FAE gl Hez 7] Ao g2 AZdof gt
A= F MY AE ohE HEAH T2 AVHY
Bod&Hd oz Rl 7hd b AR e ZIFEHe
Ao s ¥ Aol shhz Yehby] ol Aol W
Ao A E sotet 4 slom g A1EAe) 2l b
eSS Ax AUE 5 MHEE Y 5 glov
of wl 9] R BeISHol oL Hael
Rise Timeo & 7ZA& =}, oju]dt H.A 2] Rise Timeo]
#HasAY Fobele 42 948 449 TDR
Anlol H2g Zhajsle Aol Bl sl 2-9-Hch. Alo]
BAaboll ofe] o] Ak o] THsle] Yold 7 ol
TDR A £8l9] 7hai9t s =24 weo] whaidh 214
3} v o] FHEEAE BT 7o ¢
uhg LR 5 oot RS Hrksh] Al
Aol 4ol F2| 217-¢ TDR whAlste) shedzt 724
T & iR Aoz Fof it AFAH R R
B 60m oA AHOIAE 0.125% 7HA) =2
A% 5 ook WAl o8] A% 5 9 el
271% Ao} i2e] 27, TDR ulo] 474 97 4 M
Hgo] WAE 2o g el TDR A Aol Azl
Soll #AE}. JIE EW TDRe] 50 mp/division %
0.5 ft/divisione.& AA=lo] 3 HHo| Z7 9.5
mm, 12.7 mm % 22.2 mm¢! Ale]E2] 1.3 m? AH
ol A Pouhz Hxhd9le] AlZoll H gt 4 Wl
£ Aol% 1.58 mm, 1.37 mm % 7.76 mm o|4}o] ]
olok s} Zio] WY TDR 71%<] shaEolch,

4. TDR A&x|2| siH

4.1. Ixlo) 2t HLUT

TDR Ale) &g s 4dstr] Aol v]2] dA% Aoz
Alolge] Tl F& ol EAIE 3k AL W7t
whAgEl Aol ekt X5 sted 2 28l |
ch. o] Holl F-& A ke wiell= FH 227} 2%



74

ZA dlE 51 30 m A4 whAyEl ute] HgE
0.6 m 22 &3l W= uked Ao Hel| UH Ao

& WS wolli= AlEA] vheh A9 2 Ho] 7]
FEog olE 5ol & Aele] 7H4o] 6 m Ql 7Sl
A Alo]L 7ololl BAIGle] 2319) W7} 12 ecmel
EatslAl slo] A st Y4 AR

4.2. 0|8 HEe|
o A e I CERGE- S
Z5 = 7o) 93t ) =2 1] 9] 9] oﬂgﬂa’ A &}

A
od2] Fashch. 4G4 Agol ool Aoliel Agky
#

O

Ae avtolay dhastE WAAlFl AL 21Ee] 77
w2l 7)ol Aulellsle A& vehd ubd QA
A obF 2 TR iATE THER AlolEe]
oul o7} Aol AFE 1 2o} wit A HFig. 3 %
Z). 0|9} Zro| Q1A ¥l o3t WA A9 A7]7) &
7] wFoll Q1A el whE st2jzt Yohuty] A TDR
Gae Ay o g Qg szt dofupr] A H9
Heloh Ay oh2A Jebdot QA A F2
FHAZ WA Y| 3 Ak E e 2 ulal Fay) doju}

jus

7] Aell S2igh whATHE w7,

4.3. Mchelo} OIaHR|) F

AAHITE A AP oL YE paEle] 0
&t Zo| W2 sy g sAUA shel 4 (Spike)2)
%) sEF o wsheliz Wb ARbH S} R )
HozRE| iAol 2k ok shel Zo] F& 9
Ao x4+ YA s} AHekul 97} vkAsl Ao g
Re uaE fae) sk Aol AR AxE 5A4E
7RAE Wb elabe 9f7h HhAgE Ao 2 e whALs]
o] L A glolA ARt A &9 A7)+ AR F
A gk SA4S HAleh b HS (el &
2 QaHeE Hrkeke Z1$2A $28 7ol 9

= R PillanE EUE AT 4 gl Ak $)7) Uof
b sh=Ao] Z 2 HL ofjZsl=t] Aston S'%'0] Ak
o e A e

5 ¥ HYHE
5.1. Mg

2] 2]7 12.7 mme} ¢r]E(Smooth-walled) 55
Alo] 2 (Cable Wave Systems 1/2" Foamflex FXA)S

A|FE 4o vAdslal Portland AJMEE 1e}-3-Els)
of AZFHE gl Adx] ool Alo]o EE Al
sjo] UHF 7AWl 2 aizdohe g 449 + glo
of, Aol 2arel A H AHo] T ol T 72 2%
expEiNE Ml 2SS dEY o ok BE d)
o]E]+ Tektronix 1502B Cable Test Unit#} SP232
InterfaceE E&lo] dHolgl HE 7% S/W
“SPHOST" & 3% + glv 3869 %2 4869
Notebook PC22E]| A2|& ¢ 9t Ale| 8 AHJE| 9
B30 Bl 7 REupNE 490 4% 9 ARE
Ale %gd F& 7 AlejEe 2U|AE ol £9
7ol %] AZAES wlad & gm 27| A2
= USBMoj|4] 7Hatet “NUTSA” ¢} Wordperfect 5.1

“GRAB™ & o] &slo] el Held 4= Qiet.

5.2. HIEAH| ¥ x|

obabei 9l 2] Al&ol) g FE A0 B2 AL 22.2
mm(7/8 in)elw ®b4 Hxe AeolE El2EQ
Tektronix 1502BE A|Zglt). AT E Fol7] 9 &l4]
© Alo]EE wiAsly] Mol PHZ A1 mez A
A Aol &2 Zol7t 91 me| Y wli= Zlo] 13 mm, 1
gl 1 o4 wl+ Ze] 254 mme) E(Crimp &
Pinch)g uhEvh. o] uff Alo]Ee] AHxhe|A] ghowiA vb
A o] S A SES) deko] T 9l
Alo] % 2742 24 18 mm7} 5] £ 3k Ao| uletz)
sheh. Alo] o] 9|3e) ohul wAIZ LA HES-S
Qo714 bl 3h7] Astol Exlell HNES o7 27
2 ehees] AR SHPAZIE" i PH AE
201958 s o] Fov, Ao e PVC ko)
Seasoll HolAl 52 ol Yok Aol #8¥IE
HW 9 SW % dlE49) Ao 24 Astongo] Algkeh
AewA thg st ol T4} gleh.

o
8

5.3. 8t=qllol 74
HAAZo] 4£98% = Hardwared] +42 oh-&3t
2t
« Tektronix 1502B *-2
Tester
+ SP232 Serial extended function module
1,200 Baud Hayes-compatible
“smart” Modem
« Alolg HI&EIS EHS

1502C TDR Cable

+ External

37dsl7] £8F Null



modem DB-25 Serial Cable
« |2 de] B35 AC A3t A4 gl 50-0hm
ATkl Sl8k Alo] 33t B2 47] 9] 217
2 ol AR BResH 44 doleig A
£Hhe ALl PCeF 27 18]35 RS-232C Serial
Cable S| 4 83}t}.

54 2ATEQ0 74

Az g #5 4 ol 445 Software t}
o3t 2.

+ NUMOD %-41£ Protocol

« NUTSA

Aol A G HWe] W &R Aol thge g
THEL de AERZ dAHE  9lE Ao Aty
o HW 9l S/We wba 7 gl Hldo] & uff &7
AlA dAH A Bt o] 2HH A% st

6. 28 ¥ 1&

A7k HhAol 93t qhibifle] AlZol 385
£ AlolEo W] FHoll= Alo]Hef AAHo] 2L
sto] FolulAl =S ufe] vy Ak ol
dojt wie] ALY T F 7Hx e EHle] o
o, AL Ao] Aol &9 7+4-& TDR vhAst
o] g3 FEY F gls w7k AxpAH o g Fojriid
A AZY S AZFAH o ZRE 60 m HoiZl x| el
A 0.125% 7R 9] G EE AlEE = Adrk Alold
ofl £ WA ¢iohg wfelli= FH A} 2% L2 o
Z3ll Wiy Alolgel 8 AR 5 e
ol = AlZA] viek FA1E AHo| 7| FHBE oflE &
o] & Aol2] 7Aool 6 m ¢l Ffolle HA Aleolg A
olof] FAIgle]l 2] HH7} 0.4%N L£3pslA Eof
A xrt W4 ARk AP Age ofshd Alel&e]
A9l astolay wiAsts: W47 F]Ee]
a71x W99 2ol Aujeilshe Aoz vehd vhi
UAH Y= ok 2L FRoFe] vhAEE qhER Ao
Lo golyt Hol7} ZolA4E 12 ZHo] w3l AX =
Aol Aotsto] FAAIFANA Gkl AN} Hrh
O E A3t & lok. FAAIFA e Alo|go| AHrts]
A koA wiA Ao AEE aA F58l7] Yol
& H B39 Aely AHAL A4 180 mm o]l
HE Ao) upghzdt Ao g FA= e}, ohg] dHxje]

Eda A3zt 75

TDR7| &< ol&sto] @AAIEE & wlf Arlav|E
oF 22 Bz AES F&shd A gl i 5,
el 9 Sl S8 Hok A A E 5 gle Ao
2 kg

Alo]&o] Axtsl7] ZHol Alolg EoZHE o
RhApE 2:0] M Fo] AR|AE opF7tA] = wEAbsle] 2
v 939 Aoz ohilu 9o et 2718 AFH
o2 FAs7IE olgirt. b e e] oot
T BAHA BAE 7ML "A9 TDR7IE& Mdsted
HHE FA4Y 7 oA skx =¥ AZe FUES
ggAl717) S8 AE wlol & Aoz BAEIR)
o, dhAshel gl Aol AL FAlolEe] Ao,
#7d, TDR #u]e] 4437 9l Ak 97} ubs 9
2| & R oA 7] uligell o2 BAYE &
Eet7] SeiAl= APl S8 2H4YE de
2 v, TDR Aule] 43 Ar714344e AUsE
FA7IE A5 T AlolEe] o), A7, My
Fal o g 59 % TRk bk A%
HEEE dubEel b AIEY] +F(0.01 mm)7t
A e g A& AR A

o

ok

& 1 B 8

1) Dowding C. H., Su M. B. and O'Conner K. M.,
1988, Principles of Time Domain Reflectometry
Applied to Measurement of Rock Mass
Deformation, Int. J. Rock Mech. Min. Sci. &
Geomch. Abstr. Vol. 25, No. 5, pp. 287-297.

2) Dowding C. H., Su M. B. and O'Conner K. M.,
1989, Measurement of rock mass deformation
with grouted antenna cables. Rock Mech. and
Rock Engng. 22 1-23.

3) Huang Fei-Chiu, O'Conner K. M., M. Yurchak D. M,
and Dowding C. H., 1993, Software for Interactive
Acquisition and Analysis of Time Domain
Reflectometry Measurements, 42p. 39 illus.

4) Dowding C. H. and Huang Fei-Chiu, 1994,
Early Detection of Rock Movement with Time
Domain Reflectometry, Journal of Geotechnical
Engineering, Vol. 120, No. 8, Paper No. 5680.

5) Forrester D. J. and Aston T. R. C., 1987, A
Review of Mining Subsidence Instrumentation

Potential Seabed

and its Application for



76

Monitoring, Mining Science and Technology vol
4. 225-240, Elsevier Science Publishers B. V.,
Amsterdam.

6) O'Connor K. M., Dowding C. H. and Su M. B,
1989, Monitoring rock mass deformation using
time domain reflectometry, Surface crown pillar
evaluation for active and abandoned metal
mines, International Conference Proceedings,
Ontario, Canada, Nov. 15-17, pp 123-132.

7) Charette F., 1993, Installation and Monitoring
of three abandoned mine crown pillar sites,
cobalt, Ontario, MRL, CANMET, Government
of Ontario Min. North. Dev. and Min. Min. Div.
Reh. Bran.

8) Kawamura N., Bauer R. A, Mehnert B. B. and
Van Roosendaal D. J., 1994, TDR Cables,
Inclinometers and Extensometers to monitor coal

Proceedings of

Symposium on Time Domain Reflectometry,

Northwestern University, Evanston, Illinois, U.S.A.

mine subsicdence in Illinois,

9) Moffitt L. R. 1964, Time domain reflectometry-
theory and application. Engng. Des. News, 38-44.

10) Topp G. C, Davis J. C. and Annan A. P. 1980,
Electromagnetic determination of soil water
content; measurements in coaxial transmission
lines. Water Resourc. Res. 16(3), 574-582.

11)Cole R. H. 1975, Evaluation of dielectric
behavior by time domain spectroscopy; 1,
dielectric response by real time analysis; 2,
complex permeability; 3, precision difference
methods. J. Phys. Chem. 79(14). 1459-1474.

12) Aston T. R. C., B tournay M. C., Hill J. D. and
Charette F., 1994, Application of TDR for
Monitoring the Long Term Behavior of Canadian
Abandoned Metal
Symposium on Time Domain Reflectometry,
Northwestern University, Evanston, Illinois, U.S.A.

13) Kim M. H., 1989, Quantification of rock mass
movement with grouted coaxial cable, MS

Mines, Proceedings of-

thesis, Northwestern Univ. Evanston, Il1.



