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ABSTRACT

Accuracy Analysis of Flat TDR System

Kim, Wan-Min
Advisor : Prof. Kim, Daehyeon, Ph.D.
Department of Civil Engineering,

Graduate School of Chosun University

In this study, we attempted to solve the problems of the conventional compaction
management method. We conducted a study to measure the water content and dry
unit weight of soil using the Time Domain Reflectometry (TDR) method.

At Purdue University in the USA, they developed the ASTM D6780-05 method
to measure the water content and dry unit weight of the site using the TDR
system. The Purdue TDR system uses rod probes. The probes must be penetrated
into the ground, and the site ground is difficult to penetrate because the ground is
where the compaction is completed, and there can be a disturbance near the
ground.

In this study, we developed a flat type probe which can be measured by
contacting the surface of the rod with the rod type probe used in the existing
Purdue TDR system. Through the experiments, the measured values of water
content and dry unit weight were compared with measured values and the
accuracy analysis was performed. In order to improve the reliability of the
developed flat TDR system, the experimental conditions were the same as those of
the verified Purdue TDR system. Field tests were carried out based on the results
of laboratory experiments and finite element analysis was performed to confirm the

influence range of TDR propagation signals.

_ix_
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As a result of the laboratory test, the water content of the flat TDR system
showed an error of about 0.4% on the average compared with the measured value,
and the measured value of the dry unit weight showed an error of about 1.6%6 on
average. Field trials showed similar trends, and the influence range was confirmed
through the finite element analysis. As a result, it was confirmed that the intensity
of the magnetic field was about 10 cm.

The flat TDR system developed through this study is considered to be very

useful for the compaction management in the field.
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14 A4dE 2 Oy

B dFo A= 719 Purdue TDR Al2d¥le] B8 Zgno Exxe 7)4staxt
Flat Z2 12 sjurstrt. s Flat 2B E o] 43 TDR(¢]s} Flat TDR) A 2E)
2 Tl e R B9 FTEE 546§ AUAddEE Fdea, Aed
Purdue TDR Al &=®18] SA g3 vlalsll o, a9 Frasay s S I

s a ]

A8 B BF AFAGL TP} T e F442 PEFGT B

(1 71&
vF& 9l a1 Flat TDR A &~®8 &3
(2) 723 Flat TDR Al 288 o] &35l AYAEHE st & oA 71X AR
= A

AHgstE e, w Az AHKS T 2306002 Hrulel AzugFae A

lo

o] Purdue TDR Al&gle] £ Z2Ho] FAE Hebste] Flat Z2HE 7|

g4t/

+
30
o

ot

=23 Flat TDR A|2"le] =X g2 v|wdle] AdEE 2490
(3 Flat TDR A24] Z4ge) 4% $42 98 B 40489 28 249
o Purdue TDR Al2®l3} v w2l o

=

@) ANAY A%E iz @909 ANsgen, U Ade Fa 4% 35
ulol B95EE 2499 Flat TDR Axflow 543 g3 vaee] @4 4§
e AES,

(5) Flat TDR Al=¥9] A5e] Fages selstns faaidae d95, o

wE AWEES B GFUNE Fastar
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Al 27 olEA WA

2.1 MAXWELL 444
2.1.1 MAXWELL W42 o] g9}

4719 A7)0 0
Mol Ar R Aotk As Hejm W

D), e g2 g

vxE:_ﬁ
ot
v < H= J+$
V « D=p
V « B=0
7] A, AA =2
A
Z)-

o

-

EeY
_Il-}

o
O

RIS
_|>i
N

Fi i
ol
ol

>

(time)

Collection @ chosun

Py, 7145 A2, Qs DEek AR 2R 34 tehE o)

(James Clerk MaxelD)e] s dlo] A=}
(22)), 7FF2 HAA 23), 24)E =

(2.1)

(2.2)

(2.3)

(2.4)

(electric field density) (Volt/m)

A=

" % (magnetic flux density) (Weber/m?)
4 % (magnetic field density) (Ampere/m)
1 % (electric flux density) (Coulomb/m?)

W % (current density) (Ampere/m?)

1 = (volume charge density) (Coulomb/m?)



F=q(E4+uxB) (2.5)
__%p
Ve J= o (2.6)

212 Wde AAANA 42

22D ~ A 249 Maxwell W34 15719 WX+ E, E E, H, H, H,
D, D, D., B, B, B, J, J, J& &3t gl Ao +4 #AE Jep=

Y Ty Yy

Ao te 2,

D= f,(E) 2.7
B= fB(H) 2.8
J=f(E) (2.9)

A7, fp ¢ FAE EA (properties of dielectric permittivity)
fp - AL 54 (properties of magnetic permeability)
%

f, s ANNAEZE EA (properties of electric conductivity)

T S 548 2tE 2y #AANLS g&d gon oyl A4 o]
o371 H- AL e(dielectric permittivity), &
p(magnetic permeability) % 7] A E% o(electric conductivity)® REF &

8
deh AR 7R e,
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D=c¢E (2.10)

B=puH (2.11)

J=oF (2.12)

VX E=— e (2.13)
VX H=cE+ S%Jrj (2.14)
V e E=ple (2.15)
VvV e H=0 (2.16)

Ampere W& 2 (21414, g2 &4 = ARV FEHL e AFE 2E6E]

A8, 27 AF EE(Impressed Current Density) J& W= %A st

22 471% 2 A7 24§

2.2.1 A9 A7)

A=) A7A ZAgHe 2= A7 (Pole strength)g} s, AF=e] Al7]7) & A4
& &y diste] & AEE vErdTh A Q21DF Zo] vEhd 5 glow o9 g
HAAE ZF29 W& (Coulomb's law)o] kil e} o] WA o8] Egl#Hoz VYehys

_‘]0_
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459 AN o 7] e Fom vehpe, A3 Agas e olgske] A

il
o A7E ANE 5 9leh

i F Do

——a -
- r

v
a9 21 A2 dE A= F AT

O™ 213 o] A=l AZIZE pi3t ppQl F AR AY ribs "olA e A

a2 Abole] Ak ¥ Fol A7l 4 21742 vehd 5 St

DP1Po

2
dmeyr

F= (2.17)

222 A A&un

0 g7 e 7 s e dAeERYH s FHde AA de 3
F U o"l 55 A9 ¥l FAdHUE AL & F A, oldg s A
T= AHAl(magnetic field)2tar sto}, dubs o g 242 fdste de A9 A7)

(magnetic field strength) He¢} A4 %= (magnetic flux density) B2 F+ 7}# 2] A9
7} Ab&ETH

7k A9 A7)

olfl Aol EAlshd 19 229 2ol FHFl A% HE s m 1 A% )
of te AF prk Yow new ge =79 gl ATk
F=pH (2.18)

_’]1_
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= (2.19)
p
2 A 223, 7] 4 217D€ WYd H p=p =pE FH
_ 1 p
Ay 2 (2.20)
7y Hol, A= pe] F9ol TEIA = A A7 "k
s,

a9 22 G7PAX Y N, S A

=i/

A= FRET oyt AF7F sEE B4 FdARm FA

g 23 AARA L] AFo oF A HA

_12_
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a2y 233 Lol AAAEA Y AF 7f 5E AF, Ampere? 3 ZWH A (Ampere's
circuital law)ol] sl T4 F9o] FAH #HHAZ(closed magnetic path) (2 wh&}
AEE A Aol Av)d vlEete] g3 Z& Aoz vEgozith

N

55 Hdl = kyi (2.21)

wetbd mde 2R H AP ro] He A dofAl= A A= v 22

H=— (2.22)

e
o,
i
N,
o,
X
o)
o] mlo
ne
rir
&
(1
o
i
rir
I
i)
[\l
o
o
mh
flo
iy
=
8
O,
i
2y
e
o
>,
o
ol
B

H=ng (2.23)

_13_
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R},

A%

=
T

A7) §2) B7} aleh AR A
1= el A Aol

T

R

A&
| Aol 733k Lolm 2 A< (magnetic flux) 2]

=
T

b e (o

A

Agah e

] o =
=7 -

[e]

K

%

B
iz

) A

i

<)
gl

Aol ol

=
T

A&WE By A% HO

T

R

o]

™

3

g e A

= A

o
s

1

A
Arer s

]_

M

ol

%

"

)

—_
"o

o
o
o]

—_
"o

N
o
N
Bl
oF
v
Bl

e

S}

S

(2.24)

(2.25)

(2.26)
9]

=

2

kyp o

H

R

o] 2%

a]
= A

B
=

_14_

R

ted A= pEAE-H T

2
A
ot

©

&=DBA

B
B
Q

EO]O

Al 2.

olel whe} Ap£e] 7]

]

[e]
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1D
B=k—- (2.27)
§

o vehd % Q.

¥ 25 A pREHO A5 AR AU R

a9 259 o] A polA BE o m FdstA ALo] WAE e A¢
rRbE "olA Sl StellA

Zol 78 4 A

a)

’

to,
Y
2
B
4B
flo

>

A (22509 A (2212 B8l tha

o

$=PBA= klﬁllm” = k4mpp (2.28)

£= e BRES

gEr Aol Al A=Zo] pA7 2 JpXThE muoale AEwn w2k aA7]=
Z

@ Amkypgp

A 2.29
A A (2.29)
B A4rmkp

T (2.30)
Ho A

_15_
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2.2.3 A3}

7F. A 39 A 9

A A7V FdskA A sHmagnetization) ¥ S o, the A3 2L @AAG A7
RdES =7|E 7|8 (magnetic polarization) B 3] A7) (intensity of

magnetization)2t s Mo = A ST

m
T (2.31)

."’ \ I,"’ “‘\_I II’I’ \.
| + y | A | — ﬁ/‘

18 26 A A7E o] § 7 A3t Ao

% 267 2 A A AAHel V, @dHA A Aol | o]H A (232)9 o]
Uebd 4= olon zsbubake] A3 vl gojuA g 2] AR AHod 5 9l
=3

m_ pl _p
M: —_——— —
v 1= (2.32)

v Aol o g AR 2SR
AR A7 A7) RIS doyw wwATol Ay|WA AFI AEUwr wagsiol

olwlel He} B 4 2299 4 (2309] 4 (2322 Wgshd thest go] HAY

2
ATt

_‘]6_
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=Ta Ak M (2.33)
47k

H
o
>
o,
—_>&4
2
s
4
>
ol
o,
ro,
N
S
el
=)
>
o,
—_>&4
=
4
2
i
2
o
rir
>
b
=
ki
rir
s
4

o W3, k=——% dgshel Lok e 2ok
4y,
B pd (2.36)

g AdeH FAL

23} & (magnetic susceptibility) x= A A7} el Fapgo] 2&] A3ty 4L A
S Yetle A F2A, o5 Zol A7 zksle] vz A ojH )

(2.37)

T3 AstEE JEFAER e ghg U A3l E(relative susceptibility) o] 2L &}

X (2.3%)

_17_
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e QU7EAE Heb AA ol =€ AA ASEE Bel H[E FA& (magnetic

RS

permeability) o] 21 A &8l th&a 7o)l puxE EATHCL
B=puH (2.39)

T3 AEFAEe] dg FAEY Ul E U FA&(relative permeability, p,.) 55 4

YA golgta ojah et ol ehl ot

p=1 (2.40)

23 72 A4 54

AGA R A e FRE RIS wEr g2y A FA, A, i ew

riz
o
o
o

N

o,
i
o
>
N,
o
o
g2,
[-40
o
=2
ki

A (ferromagnetism)< @] F- 2774 o84 3}

F A fAFE Fdoln, ZANE W BAe AL stel s <l

RS

o
>
)
offt

L
o,
0y
oo
ot
Ev)

paramagnetism)< HA 7| R EZRe] A5 ARgo] Gl o
274 2ol Apzhz Aol wl#Eshy, Wk o 2] AEkE e 27} /\c}%@}
sol AallA Ao s 2pstr]7] 7] o ]

0%

;(]_ ]

2 |o
fou
1
o =

S
% as)
o

HT

tH( gk, 2006).

M

19 27 3ARAA Aakst A3

_‘]8_
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W24 (diamagnetism) YA} A7 ERIE, AARME: Fashy R A4 7}

st O gRrE e Aspr dAstER S Astes JHAY Aske] HdiA= 19

287 #Zo] QIZpAAe HIHRILE o] AL Aol 9|7y MAbTEoll Aol ZheAd

Ao wriRrE o ® Apso]l AU)A A7) ThEE = Wz WA (Lenz's law)el 7)<l
&

F, dutz o g 23 AR Cu, Ag, Au, Ph, 3¢, 715 SolA vehdoh

1__

off

19y 2.8 WERRA o A 2] z}3)o) &}

sol A AR ske] Aol dig A them o] vped

n
[
wl‘)“

V X E=— j2nfu H (2.41)

V X H=oE +j2ﬂ'f8E (2.42)

wE Ao, A (2417 A

AL oA 3 - A7) (transverse electromagnetic) X5+
(242)%F £& @ a WAL o3 Zo] 28 4 YrhFeng 5, 1998).
E= Eeﬂﬂff E e —az ] Qnft—pBz) (243)
- 19 -
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H= He™' = H ¢~ %I/t =5) (2.44)

f, E,, H, : AAZA ol&) AAHE=
t o AIZE W

o © 7+24]3 < (attenuation constant)

B 917’3+ (phase constant)

onf &/ W] [ [&0)

alf) == 5 _\/1+ =) -1 (2.45)
Conf & (D] el (f)

ﬂ(f)—T\/ 5 _\/1+ =) +1 (2.46)

A7)H, et AGE A WMo Hr vpehll, /3 e A @ADF A (248)
IEE I EEES

e, =& —je (2.47)

eq + UdC
fl=¢ —je' =& —jle onfe, (2.48)

ANNA, ¢, A% Ay
R EE KT R

_20_
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A (2433 4 24D AdWVFH AFDE ol &ste] vl 28 & o, vy
3 o] A ej¥tHFeng 5, 1999).

Viz) = V()G*azej(%ft*&) (2.49)
I(Z) _ Zj e aze.i(Qﬂftf‘Hz) (2.50)

242 AR A AAqEL »d

M

TDR Al=He] dA7]sh Avb= Feng (19993 Lin(1999) 2ls] ol&Hoz A

AE e, Siddiqui 5200000 o8] AHE AT 718 29+ TDR A& g lso
g MEFEE RoFEr)

Vi

Step Voltage Pulse | L ’
I—_‘/ Soil
TDR .

Apparatus e . .
Coaxial Cable, Impedance =7,

Probe Impedance = Z,

19 29 TDR A2 4 ¥9]d2(Siddiqui 5, 2000)

A A men apele] FOA BEF A% ¥ WAE BRdd dsHowrE A
A st Aol o8 frAT oH@ thE A% 2D WAk AR uAE 7
NFIL, 27 2 A WA o] AlEe] FuRe] FrhETh AE% A% wde B
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Feng (19997 Lin(1999)2 ¢ st AEd 3 ddstA] & A5 dxr] 3
zde gyl o] Ede Yanuka 5(1988)e] the WhAL ® 7R mdla)
Heimovaara(1994)94 TAF AEY Anrds 233

$29] F%F 35 (frequency—dependent) 54 A HA(Z)= 23 o] Ao
2 7 Stk

zZ, = \/;_ (2.51)

b
8]
b

Incident Wave, K —
Reflected Wave, V., <+—]

» Transmitted Wave, V,

¥ 210 YAFEHV) Y F AFAHe g s Folr Qg AFa(V,) 2
HEALIH(V,) @A) d(Drnevich 5, 2001a)

JNAA A e A el At 2 AR I A tgSa go] vephd 4
ATt
Viz)=V,+V, =V, (2.52)
v, V. V,
I(z) = 7 = (2.53)

_22_
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T

0%7]A17 ‘/17 Vr'7 11:;"]1 Vtt Z
Zy< 'JI (244)5?4‘ 7{_—_]__0] ch :Zpl/ 87'134 ZcQ:ZpQ/ \/‘97'2i ]/}‘E}%J

21°

F2h el wbdel, aen A shE mdshe, 2,9

T

X
hacs
£

SHE AT AR ZREH BAEHL o5
oS 7 il v ARgh A ST eARAAEE RddhE WAk Al
S Avkd Hae diabg QY AY 2FoR BAFEME, 4 Q529 2ol ®dTh

Feng 5(1999)3} Lin(1999)& =¥ 2113} o] ©al TDR A4A mea o 79

B Ag S8 g e

Z, (-'-' = I{(:)
1(z)
I*(z)
V =
= V(z) =
Sampled voltage by | i(2) 1
the oscilloscope I i T
z=0 z z=]
gy 211 #ds AFAH9 573 = (Lin, 1999)

Kirchhoff9] A% W& v o] Howt}.

V,=Z,10)+ V() (2.54)

V()= 2z1Q) (2.55)

V(0)=V,—ZI(0) (2.56)
- 23 -
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2 (249 2] 25003 Ze Fug JodA] L A
e gge How gde £ ok

=

V) =VTe "+ Vet

+ —
I(Z)ZI+67W+I*(3+WZ:—V iV

AN, VI VT I IT = 4zaeky —zupgko] mjo)

’

o
(M= T4 A5 AA7] SA o oEe thaap do] AHeoled
V= 727f A/ o€, (2.59)

22503 A (258)% aEEd, Z, () AA FRe T d¥MusE then
o] vebd 4 itk

- - (z=1)
Viz) Ve P+ Vet 1+ppe?
Znl)= ) %yier_y o % G0 (2.60)

“1— pLe%Y

Vw”cﬂﬂ%, Agel ZoA wAAZo Y we, Z, ()& z=19
- 24 -
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Z,(1)=2Z, (2.61)

aelw A 26DE Aeed e ol wdE 4 Al

or= m (2.62)

Z ()—Z2
in e 2y(z—1)
, ( ) Z1+Zm(l)+Zce
znZ - (:1_ Z7n(l)_ZC 2’«/(271)
Z,0+2,° (2.63)
Z. )+ 2,42, (1)~ 7)1V
— Z7n(l)+Zc— (Z”l(l)_ZC)eQ"/(Zfl)
z=0014 4= ddrE z=loA 2 A Pk
z, )+ 2.+(z,(1)—2)e"
Zin(o): - - ~—; (2.64)
’ Z, ()+2.—(Z,(1)—2Z)e

_25_
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A 2659 AL the ol AT 4 Ut

V)=V, L ) V.
N 91 z,  Z,0)+Z
7,0

s @yl TDR A$A Ed 22 Eudd dfdes 4d

2129} Zo] xdE 4 JtHDrnevich &, 2001a).

X

(2.66)

Input
impedance
A Zf)i(:u-l)
o Vi z'=l
} >
Voltage o_o#i .- .r. “-+0 il i Load
sollirce 1 I—b impedance
() ¥4
r &) ®. ® E
| i n-1 i
S——) - > > > O
]1 | fu-l | n 1 .
I—I """"" | | | L
T ~ :i -n-’ -n-] :n =L
Viz)
a9 212 Edds AFH9 5713 2 (Drnevich 5, 2001a)

Zin(zn* =Ly on —
] 1 2 ZL—f—ZC’n . (ZL Z(}’n> 27,0
Z7n(2n71> Z(;_n,1 + (Z”l(zn*l)_Zc_n,l)ei%/ Y
Z?n(zn72> :ZC,nfl ~ 5

_26_
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(2.70)

Z )+ 2, 4 (2, (2) = 2, )e "
7 Z7n (Zl)+Zc,1 — (Zin(zl)_ZQl)eiQ%ll

Z,,(0)

2 (267) ~ A (2.70)

Agre

It} 4%

[e]

T
B

0

B} A AR E A

(19993 Lin(1999)1 ¢

[€)

j

A2 Feng

N
XM
yizA
ol
il

™
-

e

23!

il

25 TDR A& o] &

&
=
i

il

ojy

i

X

3 plel e vel

=
ha

}o] TDR&

°©

)

o]Q._

=

=

i

[e]

12

ke
T

H|

%
a3

-

fveel
_ZTI

ojy
0

Gl

we} of
3 AmA Aol wjdo] Wslatd WAL AFe] W)

vt 29 2139 7ol

o)

_27_
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°
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TDR Device

Coaxial Cable

Probe

Measurement

1Y 213 9ukA 9l B $HH] A A (Drnevich %, 2001a)
EE oo @ Wl 4 ALEE olgsle] Ho) vl A5E Zgsw 1
2149} 2L AT E A& 5 Ut
1.25
0.75 - The 1 reflection from air/soil interface
= v
> !
T 025 fl i e s
2 " L
S 025 | A
= ’ The 2™ reflection from the end of probe
5]
2 075
-1.25 |> T T T T 1
0 1 2 3 4 5 6 7 8
Scaled Distance (m)
19 2.14 TDRE AF A 33 (Yu 5, 2004)

AEAolA AA714e] A= Maxwelle] A2 A SAAA Ay 2o o
sl Aeld 4 231, Dmevich 5(2001a)2 A2 e 23 247 E4UdIA
(DS AFE(per Stk BAATEAE A4S et dae) Avag
o M2 AHod F vt olAL A AN B A A5 FHdEe FFol
th ool T AE ol & thEa o] HeE 4 JYHDrmevich 5, 2001a).

- 28 -
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In
P L 2.71)
2m € e e
o714, b RE=AL WRAA, o WFEEAL AFAA, 548 DFHAE

(8.854 <107 "F/m), pye N EFIHL&(Urx10 "H/m), e, S7H4%, 221 Z=
FAe  AFde wiATE TR VS 2 dHY d¥ds2 A o)A rk(Krauss,

1984). S A9 AAE= A5 o] Aot A= v& dydsE 7kl A

= 87', =a+j6 (2.72)

A7A, e AfERANA AATI ) S, agh fiz 77 Aupgge] A4
syolm, ol 247 914 A/ FoTE vkt B AUAst AR F
WA el e A E e,

TDR #3 2 thgyhAL 9 F4ke] Aitold
F, AR, nea e Re] Az g2y uite vhgsiA vEg
g AA wFel TDR #3& #A3te] & =
(O’Conner %, 1999).

lo
i
X,
o
v
A,
ol
ol

2.5.2 Purdue TDR W (ASTM D 6780-05)

2 Aol A= ASTM A A HAHo] & Purdue TDR Al A~¥l-S o] &3
o EA Wy e vei 72t

Purdue TDR A28l t}E AAQgaE o] &3 b5 A

ol

}\%O]

1

op

3k A]2E o]

_29_
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t}. TDR A$4ALe Az EA7|9 444
head), 28] 3 Z2H 2 FAFHJQUHLE 2.15).

oo
3

o
off

o)L, 533 =(coaxial

Campbell Scientific, TDE 100
50 ohms Coaxial Cable,
1 &m

Multiple Rod Probe
(MRP) Head

Soil

Spikes
=95 mm

|, 66 mm * —
= Notchook computer ™

9 2.15 Purdue TDR A% (Yu 5, 2004)

TDR ZAelA ZzHE 3 dess ddEm(nes v e dod +

AT

v=—r= Je (2.73)

4 Q73)E AW Aste o] FAZE g o] AojHr).
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(2.74)

Fellner-Feldegg(1969)+= AlfA&0] Ful=7F oF 1GHzE u] AEAI 7 248
23 AoE 4 dvkar il Topp 5(1980)2 HulFA&S A7 A4

(K)zhal Ao WRlaL, vt o] 28 5 vk

cot 2
e =K, :( ) (2.75)

A Al TDR A3+ 1§ 2140049 o] =M, Barker 5(1989)2 ct&
AE7) Aol(Ly)wkal S & vk sk, ol wet FHAFE vt 2ol

L 2
K,= (—) (2.76)

7|4, L, TDR #3& T3 4&
A Abole] Ax 7] Aololti (g 2.14).
Drnevich 5(2001b) TDRE |83l HA3 &9 FHd3TE ixgg}% =9
]_

2E9 Fe Wi, AdEe] 3 LE7

4
%
e
N
i,
2
Ja
=)
>
B
X
N
o
3
2
Ja
=)
>
=

ARES A¢ 257t F7Hgd wet 3457 S7ksehar 0}04 4Cet 40C <
W] Alolol A 2 W A g (temperature correction function, TFC)E t}e-3} 7
o] A|<¢t3} T,
TCFWE]Eé =0.974+0.0015T 2.77)
- 3‘] -
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o714, T A% & AT ko, 44

(o]

, s

WA bt 2ol Teat 2] v 4 vk,
K,y =K, ¢ XTCF @79

Giese 5(1975)8 TDR HAstolA Ax=Adol AdsS *Ae9)al, Clarkson %

(197N &9 & A7HEZ(EG)E tha3 2ol Astitt.

=21

eCo \[ 2y \[1— p(o0)
EC, = |22 —p( P ) 2.80
e .
NN, 7= FEAClEe AvEzeli, e el EAR 4 2AtHRamo
= 1994).
dO
il g, (2.81)
sz 271'8060

=

714, d,9% diz 72 o5 %Ol mAle] A7 o)™, Kraus(1992)= WA

1.

(pt)E vh&t o] sty eh
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TDR Soil Testing System

- Two-Step Method
“ One-Step Method

- Seismic Testing

Ok | Exit |

19 3.3 TDR Seismic Testing System 1.3
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— O *
File Settings Tools ProbeType About
Project Name: Contract No.: ] Date: | Test Location: Operator:
TestNo: Temperature: 70 2 F Soil Type: @ Cohesive ¢ Cohesionless
f o
-1m Tm
T L
i v 1.945
)I] 1 T)T
-1m 15m
Mold Probe
Ka= |167 ECb= |121 m&/m
" None o
985 P
" 1stReflection wi%)= Dry Dens.=
. 0.1 ry Dens. s
r . " 1578 Mag/m*3
2nd Reflection m

Goto Mold Test
GetSignal | Analyze | Screen>>
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3% 3.1 TDR 100 A%

TDR 100

Specifications

Pulse Generator Output

250mV into H50ohms

Output Impedance

50ohms + 1%

Time Response of Combined Pulse

Generator and Sampling Circuit

<300 picoseconds

Pulse Generator sberrations

+5% within first 10 nanosec.

+0.5% after 10 nanosec.

Pulse Length

14 microseconds

Timing Resolution

12.2 picoseconds

Waveform Sampling

20 to 2048 waveform values
over chosen length distance

(V,=1) time (1 way travel)

Range

-2 to 2100 meters

0 to 7 microseconds

Resolution

1.8 millimeter 6.1 picoseconds

Waveform Averaging

1 to 128

Electrostatic Discharge Protection

Internal clamping

Power Supply

Unregulated 12volt (9.6V to 16V)

300milliamps maximum

Temperature Range

-40C to 50C

Dimensions

210mmx*110mmx>x55mm

weight

'700g
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32 TDR =218 A3

3.2.1 Purdue TDR®] =28

719 Purdue TDR A€l ¥ 363 o] 2 Ao A AFESH TDRIOO FH] &
AREEE] XHbe] ggH| 9t ARG F e SA Y Purdue TDR Al 2¥19] Probes
Multiple Rod Probe(MRP, ©]&} 23 Z&B)E AL&stn, o)== A|utd] #YA|A ¢

Mol AxBFFL SHYL B A7olAE 71F9] Purdue TDR AZ2glol A A&
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s B8 RN wAE F gle TAE Bdste A&sta AE SHge
%=%317] 918 Flat Z2BE A=k

719 TDR Al #AdL 3 WA, 449 58 228 s 45t ae 4
dell w9 E AlFCk ek @Al A #elEs ok ANe tie] difi ¢ad
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Aol 3 73
el

19 3.6 Purdue TDR =#
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3.22 TDR =51 A%

719 Purdue TDR Al2&¥le] £A441E Hbsto] RTF A& A SA4st7] Hs &
U-§- 52016 2ol Flat Z2BE A=A THLHE 3.7).

1¥ 37 Flat T2 18
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3.3 /|23 Flat 218 9] &3 9

3.31 TDR =z 1B 9o P U9 o] &
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& T e Xﬂ/\ﬁ}"jr/‘r. ole ZHE E& TheAlel e A2 &
E
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3.3.2 Flat 222 H 9] g3hH 9]

Depth (m)

Distance (m)

333 4Nl dF fHsdA

2 AFoM e FAET AVHAEEE WA A JEHAE B e, e
a4 =218 Abaqus 6.149] Electromagnetic Model type2 ©]-&3}e] Flat TDR A
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