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S

ABSTRACT

Keyword: retaining wall, soil nail, NDT, GPR, Impact Echo

The main purpose of this project is to improve the limitation and restriction of

non-destructive technology applied on the quality investigation of the retaining

wall and the soil nail. The high frequency GPR antenna and some geophysical

methods are adopted as the major survey tools in the study. These methods were

applied in the detail investigation of rebar location, concrete cover thickness, rebar

size of retaining wall and the grouting quality of soil nail. The test results with the

physical models were verified to be useful and accurate. The restrictions and

limitations of these methods were thus identified through the in-situ operation. The

conclusions can be summarized as:

1.

GPR is a useful and efficient tool for locating the rebars. The distinct
diffraction wave in GPR profile could be recognized as the rebar. The small
rebar spacing would interfer the incident radar wave and result in poor deep
reflection and make the interpretation difficult.

The GPR test data showed the minor differences of diffraction wave could not
provide evidence enough for rebar size recognition. On the contrary, the
investigation results using the covermeter showed good consistency with the
physical models.

The seismic refraction method was applied for investigating the cover depth.
The verification results showed this method is quiet suitable for the critical
condition, like smalll cover depth, small rebar spacing and large size rebar.
Impact echo method is verified to be a suitable method for the grouting quality
checking. The reflection from the interface of the grouting boundary could be
used for estimating the unbond length.

The existing TDR investigation method was revised for checking the soil nail
rather than the co-axial cable. The reflection time of pulse from the bottom of
the steel bar was verified to be consistency with the model length. This test
method is still not suitable for the existing soil nail.

XIX
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2% 3ok (Ultrasonic Guided Wave ) 1435 72 3 & 4k oy4F 2
SE NS T o Flle AR AN L Z G Rk E
B AT AT 4G AT & SRR AR 0y AL R K8y
B3 - T3 L E o A7 0 T ARAS AR PR AR AL SR AR LT
B AT © A Ak 3 00 SRR B 2% M T B R 3 B 2 A A B ALK R A
Ae T ¥ ey E gkl [Beard % » 2003] - kBB 2 RE IR IEAHIR
wiRl i Beard M43 AH LR BL AT O kN 8 AT IR IR AR A
AAMPF R ERA BT T R A kRS T DISPERSE | i 17484
BARAT B0 HT > AT 8 R AR A EATAR F 0k Oy kAR AR
AT T A R @ LR 04 B AR R A4 P AR TR M ey AR Y X AR
T O REEREHBATHMNLE =M 20 54K
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W24 2 () FRFAHN

(F# &R : 445 p Pavlakovic » 1998)
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fe 100KHZ AT » $aR Btk AR E SR L o 5k KB ETH
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EAEIR e S P B AR BRI RUIE 0 B &SR RO A R R 69 & 0k B
R B #0 1E AR 4 AR ARG 0 A TR AORE b st A P IE PR B Ok g 0 B
f] 6] SE o
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Byt METERNWBRAARBREB TR ESGRERE R T
FREHE MR ER G BB o B 2-6 % 2 KB Ik Beard 1 J& Ml 78 47
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J& B 6 T JUR DU » S A A Y gR A ) 0 45 A8 B A1 R BT SRk
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(a) Equivalent epoxy layer stiffness:

(b) Equivalent epoxy layer stiffness combined with an interfacial stiffness:

Kz (opy)

Kiz ay)

(F# &R : 44-p Beard,2002)

% 21 e A7 f

Property/Material Steel Limestone Rock Concrete Epoxy
Modulus, E (GPa) 207.0 40.0 10.0-60.0 30.0 14.0
Density, p (kg/m®) 7900 2500 2500 2200 2000
Long. Attn. (np/wl) 0.003 0.03 0.03 0.2 0.03
Shear Attn. (np/wl) 0.01 0.1 0.1 0.5 0.1
Long. Vel (m/s) 5845 4360 2190-5370 4100 3070
Shear Vel (m/s) 3180 2520 1265-3100 2300 1640
Poisson Ratio, v 0.29 0.25 0.25 0.27 0.30

(FH % @ 4g4p Beard,2002)
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477]
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3% 32 Geodynamik 2 3] # 1980 #FBp &7 25 th ¥ X 5 — B g 4T JF Ak
Wkzal& % " Boltometer ; > EPIAARBIE (B) 4THERETS
H o BATRZ AN EWE - R F ik B w5 kAN
R Ay AT T AR S AT R ILR B Uk & B KR sk
Hoalr EHHE R 0 kAR & RAEAAE (polyester resin) B > =T 4R
BATRZIE 10 AR - HARRH FEMHAT T o Bl kAR KK
FRImE > —fmE o ARILE 0SB > TR KE#ED5 AR K
Ry 2 028 0F > TRIKE #4951 AR - EABNE (epoxy) TAlk
Btyl 1 AR - ZNAREZHERBE ESLFEER > bwES
%o BHFmAME L R 2-2 [ X485 0 1988]) - @oysmdket
P ARSI RBERS  FE LB ERY - Rkl S T4
& KA TAZ36 T on '8 15 B 7 i3 12 5 s A LA B3 77 ik 47
B o RERHHH| RA= B > m AEAHF A& RETHEML B R
AEAmE  THRERZR -

E

222 RERTAE

48 RS B S H S
A &R AR #AEH R AE
B 5455 R4tk BB HT
C | KRERAIK BT A
D |84tk 1R £ 24 0

(CEHRIR : Hsk A & XF > 1988)
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SR TR R R AR A~ AR BT ik 0 T R B AT AT 6
TH 546 TAE - B R N B IR 3R R A B R AT 7 R B R AR
R 4 R T AT R IR RS AR S AR > B EARA R L
WE AW 5% o BlBFIIK R R T 0 RIS & M
B EEEF 059 AR BpTi2 3] 50 #a%& (50kN) #93%

B 71 o %A S 47 AR B AR MR 1 R RS Lk e R R E(BP
BERE) WG SaEREETERSET >R ER > BITH
Ak s ASB-C-D ¥wi SAF@RALER 2-3

[ kB4 > 2002) - %5 AR dmardi ik am (R 2-2) 473
VAR TG B F| 4 RAE &3P R35 0 R BlLR A -5 R & 45 B 7
PR A Lt > A TAZJE AR o

£
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423 BPneE A s

2H| B B A8 (i
A |k 238 JR A 3% 3t 4% B
B [ 155 3% JR R A i F) % E A
C |64  |BmERAMWAR A& 3% 3T 43 B
D \X&t8 [RERASE A ZRER|EE TR

(EHRB sk h 2BE4E > 2002)
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40 r ; . . hd »g: §|] l
F=0315/7+82976/- 7460 — £5| & (%5 1)
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% B =18 T K% (Aberdeen University ) 2 AMEC 4 [§ /- &)
( AMEC Group Ltd ) & B #F %564 " Granit : nondestructive Anchorage
Testing and Monitoring System | 1%k & & 4T & & ~ 4L H A 45 B

LR E R o AR R AR B AH
RERHFME RS F A kAN T RRENEEAL (B) 474
B9 R &R T - BoAdaih ek X b ¥ A T8 % - adm R IF R E

R TR B ST R R BB ) IR SR B R R
VABAGRE R 7 R IE 520 B AT AT S N 40473 3 48 1B AT 28 AR AR AR A
ST ARZTRREEROERE #E N FHE N
BB DE L RETF RN R R T EEGILH T - KA
LA ZRRB ERZAHALFRNERTR BATH &K% EA
ZEIEH A RIFF R A IR
B g A7 2003 SEBA4S AT RS W SRR AA L () 4T
REERAZAE T [ B 8F > 2006] [HoarissF » 2006] -
B3R N K 6L e WAL 4T ~ AR AN B oE A L T AR 5 - A o
CAE T
1. R T BT > AR A AR Y > BAME 518
BB R EHRIIE  ABE R D EAHA - RIT iR
BREA 0 BT AERE K 0 AR AR AT R RSt
WAL S AR BB IR -
2. TILE () 412 ARKREIZEIBERmER T (2) 105
MEH g 0 R Y R 1 B 0 BRE TR RS -
BOEATIRERAT b JAF IR AR BRI B IR M
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AN K 0 EATAIR BT 7 T AT RIS R o

4. EBERZURRHDELET £ (8) sTHBEREHBRY
REJE Ty ok oy [ P E AR AT 0 BRE TR R R AT -

5. £ (&) kA FEREVECHKATHSE  SARATE
VAEY $55 4% 1 47 T o

LR IERRIEMR TR  AB TR R R S E
Bl it o BLURIEIE  RAE TR T R 5 Mt SR 5T
A AEHRA LR EEHETIT RAFRFEAN LT LBELE(CE)
STARI X E BT ko FAMCRIES E AR AR R S SR 5 45
B #BRT - REHABEAAYL (B)4THRERT S EHAY
PERE T AT A G ALBREE 0 VA T AR R B E e ~ TTAT M RO BT
B~ IEFEME o
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A ABE NI F A ERETZ  RERFEFRAKRER

W o 3PS R R AR B EL 0 A S F o

—~&WFiR

B E R 6 B Rz LRI B HURin R 2 AT G
BB R REKE AR IRE R FE & H R T ik 8
AR EAR BSEERI -

1~ 2B GSSI 23 (Geophysical Survey Systems Inc.) 1% & & ¥i%
HoFER MR > AR 30 a8 > TR — kg
WEEEIM - R~ BFRERM T ARG (AR LHS
SIR) » TR REFEEREANBER I TKRERH > 2
StructureScan ~ UtilityScan ~ RoadScan ~ BridgeScan ~ HandyScan
R ILPMIE A %4 (borehole antenna) % o J& Bl 40 &2 MG IF
B BRAE - SRR AR BRI T G E IR
B o WG MR T & 0 TR B B A AR A
F o BRAZHEH ARG THER - A% 7 16mHz £ 1,500mHz
Bl o> FRBNIRE R KT i 35m > ¥ K& A THIR & o Rt
REN+FH5IEEN - Bar@ e TARRER - P84 &
BRFE S RARE S BERFE S FRRE - GERF - P
B~ AT EE - 6 S8 8 A S BT R M BAL 3 4k R4 & A

BB ARIREF A& -
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BH 2-1GSSI #Eik A4k

(H#RB - sk a GSSI 2 3 4935 http://www.geophysical.com/)

it MALA QN aBREZHREXZ MR LR LT > &A%
1980 FF4s A 3L P F 4K B %M 0 R1E 1994 F 4 i AGEH

g5
QLaHEIRE  TRAE - SHMRA - SHAMIRERE

EREIRAES - R XM IR A IR AN TR 5981
JER > %48 )R 16 JAd sk 0 K42 iR BN > B

L5487 ARG THER M » 8% A 100mHz £ 1,600mHz B -
MATHIRE - BN A REATFRFESERM BAT
a8 A RS PR TR PERE GRS
R KEE S PRERE S SRS~ FHERE -~ RAF - B R
P ~ A ARF TR % PR R AL 3G 48 A B P ~ i
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(E# B #Hsk B MALA 2 3 435 http://www.malags.com/)

3 ~ s & K Sensors & Software - &) # 1988 B d& A &l i% W E iE R
&%l (EKKO) - 3t B & &AE3R & B 095 R h 4 TR B3l o
&,4 Archaeo-forensic System ~ Pipes & Cables System ~ Road &
Bridge System % Shallow Structure Inspection System % - 3% %%
BRI AR AT AN S B R R TH = 5 Wik
o T3 Z ARSI 5 X EATH R XIRE TAF > & A S
B - ARMAREITAH SMHEAETHERN AR 110mHz 2
1,200mHz ® - R A RBEA+FR5IETEXME > BATe2
PRREFETHERE S PEXSE - SRATEAETIR - #
P M bE Body B KBRS BT AL 4L AR HETES ~ AmiAl &
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BE 23 EKKO R EHEAK

(FH &R : sk Sensor&Software 2 3] 49 5 http://www.sensoft.on.ca/)

—FEBwEE

FFEr 2R FFR LY REGE > s RR

% 2T R
FEE T ERFEE TWE REFARFEASEY o

1~ £ ®IEl = @ awt # % 5 #& P4 %2 (Impact-Echo Instrument) -

o EEE DR SRR MR R
-q-ﬁr.':’l%?*

FIH R
CRIR T EE 2 AP R
RAL SRR : JNHIFRFFLEE

2 ZEEO KR R 2
ﬁ“’%’# 2-4 ﬁ’}’ﬁ/?‘lfi‘q”]‘ﬁo “,L,fE'%\-Ea~F1«}#FB&‘3g\§:
ST

o A AR ARBE TR AT B
FRIGEMAPMEE A P RIEMARS > AR EREY
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B 2-4 |El%R4E

(CEH LR e B IEI 8 435 http://www.impact-echo.com)

2 ¢ Germann = @A F Gid o B R

RERE NIRBR E RS BRI o A kA a 2 N bk Sgp

B FHERE AR o vho D AR

PCMCIA 7R 55+ » 7 #3850 5 227 7 %%

DT A F R PRGBS 25 SRl R

B KR 2-5 DOCter #8] % %

HHRR P #Hsk A GERMANN 2 3 483k http://www.germann.org )
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3~ gk Tekron 27 5 & FHE RIRIRE R ER S 0

EXGEAME TR F LRI RO E R ORE
T iR ks (PIES) » % 26 43 PDA B~ 43577
o VAR ESRE T T ENRFLFF s R ELE

avfgﬁfﬁ%“’éﬁ» Rp oot t QAT

AN RE BT R EAEE RS

“fl ey
-
ppas)
=1
H
=
a4

O WW W WORLDOFTEST.COM

BE 2-6 PIES %8 4 &

(A# B sk ha TEKRON » 3 #4935 http://www.tekron.com/)

4~ 2P OLSON B2 7 2 L ¥ X BWweH - 28 B CGT k7
Rl LS 270 B ¥ SNRED NINBORKR o 2K R
RipEA A (g2 PDA =) - 2 K T
S Ak pERERE > REE T 207 wRE T 2
T30 o 2 FIF AT HMH AR VEFEARLL
BRORT R B AR R AP R RIZT N S RE
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BB R 2-7 OLSON #:8] 4 5%

(AH KR HékhH OLSON 2 3 483t http://www.olsoninstruments.com/)

5~ {46, &/ develogic = 7 % & e introsonic # B % Sudk A K7 & ~ 8

FAEECE - SR 2 peRFEY > R FRE E%R T
g q o By 2-8 é%ﬁiﬁd,ﬁ‘sffwjxga%ifgig‘;%fr%ﬁ’ poan J{p
W
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ETIR
24
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S8 S l% * _;_,5&? °

E-
(o8

B& B 2-8 introsonic #ri] % 3%

(EH &R W%k h develogic 2 3 483k http://signal. develogic. de)
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6~ P &~ OEC 1 A2fg i* =~ & ITECS 384 8 58] % 53t 2001 & # E
=A% 2003 & E A K LB T 2 T T ek 0o 3% iR EE
AN LAMAE S - BBy 1 FRpaZLeRE A
T O AT ECRE S i 5 A ’?%m$%$§WMigg4%%
HRIE % o 3% 8 SR G FR A it TRR D Bl 40 N
%Eﬁﬂﬁ’iiﬁﬁ@ﬁiﬁﬁﬁﬂﬁﬂé’ﬁﬁﬁ“ﬁﬁ
o T I - Bt BREERAEY > VR LEENER

A TARHE S RE 0 F A g B L DR E Ap T 2 A
Boo M 29 5P EREE R

Impactor and sensor Maun unit
BHE 29 ITECSHEMEAKR &350

(ZF#4&E : 4% 8 OEC » 3 493k http://www.applied.co.jp/)
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77 BIARAER AL 2003 EFEURPM S - EREY
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SINO-NDT-IE &P & » & 5B 3 $7enfg* % sTig > P
RN A e A RSB AR Y B A F-F R RIMIAR T

N
~

BoREFIARESEY NERICEREFC- B 50
Ao PEY AN URICE S E SR RE o
Wk ke < 5 30x20x9cm > £ 5 3.6kg o it d JIFE @
BHARESX LT F 205 MRS~ o B2 2-10 5 %Rl &
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ZERR D Htip] N ICEE R R 2 e R S ] kR

A5
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B A 2-10 SINO-NDT-IE #i#l44

(& H R : sk A + 8 T 42 fA B 4 49 35 http://www.sinotech.org.tw/)

=~ BT RRAR

1~ 4 Proceq N a) L RBIABEBUER 2B T RE T
FAAR ~ BB E AR ~ 3R R - R4 B8 IRBIRF -
44 /i 4R A4k (Profometer 5) T 4748/ 4n ~ RER R EIRE
BAEB R AR - IWEREIRGERT A 8A%H 48 B IR 4%5
B RAFHAL R FHMBAT  FMAMHIRER R LS 5.5em 0 A E
1@ % 1.6cm(D16) B 4045 MBEE W E 7Tom A L s B ATIR & >
B BRI TN BB R

\A
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BB 2-11 Profometer 5 )4

(FH &R ek proceq 2 &) 49 sk http://www.proceg.com)

2~ ) £k A4k X ¢4 (MISUNG C & S INSPECTION CO.,
LTD.) ¥ X5 EB#RAESE K%k R E KT
R RAKE QS ABIIRREEHYIEHIRHRR - L P48
= 5] AEE 0 4R A A& (Reinforce-BAR Logger) - %3
WARARERANBBRIERE  THER L LRENRIE > BB
SR TR AR ST R oA AR A BE 7 A 4T B Y Me B AT B P9 S

B B 2-12 Reinforce-BAR Logger ##]4&

(A#%E : #Hskha MCSCO » 3 4935 http://www.mcsco.co.kr/)
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HoF XBRREAENE

3 B ] X B AT BB EAFT A (Hilti) 5 F T A

. PS 200 Ferroscan System 48 75 48 8] 38 & 3%\ 8] & — B R IR T

T FRAEEE LB T 2BIRE T AN 4L -

RERBEERERMGHLMAMELZ - BZZHREBR S BRNA S

HOR 5 R v — AR S REEATER A RT R R B ek £
WK AT B o

B % 2-13 PS 200 Ferroscan System #: 8] 4

(HEH LR ek a HILTI » 3 4935 http://www.hilti.com/)
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B =ZF A IERIERA F ERE
FB=F I IERSERR FERE

F— 8 JERBA T ERER I A

—~EREFE
1~ FikRE
BHFTHEFGRARTRFOGEE TR EAE%£% 10 £
2,500mHz ~ B & & +H1E> 2 —4 (ns) wapktrEasmk (Fik
W) o TEHE M R0 S R BES RAAMZ T iER
W A ARRE N R0 R & M A E F % (dielectric constant) & £ £ >
R RS E R AL LRI R A IR R B R SR R |
(RHFE) ABRRGB R TR BREASHE RE
PR R BRIR ~ PRSI Y Aoy A B LR A B AR R AR
(FFEHTE2E) o TR B SRR R 3R - FAEA]
IF R @ B A R 8 A KL L 3R s — AR IR AR M e AR A Oy
VLRl MR B BT S 00 TS BT BB S B T TS AT X
AT AR R R A RZE RS R A S E &
SIBIRE - WA EFIE - T ARRE - TR E T
FRARE R - R EALE
FFEREIAIT L GA T > RHEHEAN (RHE
W) R EHMRE > BB RSIHZLEREER ] £ 21
FTREBRARTRERT > WRHEHZNEEEE (permittivity)
B4 % (conductivity ) Prd ] o B % $3b T At S 3 A4
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THEREEELER > WEERERT TR ERELES
X
Tik k1% ¥R L 10 £ 2,500mHz M= Eagk 0 X AEANE 1%
B hf o LB (Viga) B FE > ERBRME > TAT AKX
ESnl
Vradar = C
SR e (A% 31)
H

K &4 E &% (relative permittivity )
KA 2 AE % % (dielectric constant)

C &%k (3-10°m/sec)

—RRBEENEFTHHAGEZ 10K FRE L1 kL 8L
TERNEFHENER 48 3 E6 M ol kL4
5 % 40 M o MFEBASANY NARE R HWZ LR > BATEH
RILEBENTAMEFSHEI RS H -

FTEEENETRIBNE IR G ANEFRELDELER

HAR > BAE (1) REFTAANEFEAM > ATART

.............................. (R 3-2)
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B =2F A IEHER R S ERE

LR ANENEFTRERE > >0 RT RAT AR IS
AR 5 RZ 0 H ERAEANEFREE 0 1<0 TR
HF AR 4 Gt AR AR £ 180 A -

T F B GRS BRI IR AR KON 0 TR R T ik A
1 A e & R NSRS L AR 0 WA RET R0
R AT AR AT AR 48 £ 180 & > TR Bp kAl o

FHHF NG T 0 RIS E TR RIS FARAENE
PR R 1R A ASTREENE AR B BA R
AR A RS 0 B Rk d 0 ARG RMETER T AR o I RAT kA%
UE BB RS B N EAE S BT AR O WmAE S IRE R

(D) B &M R AR B AR (Ty) o a2 R BB R (T,) >
P& RAT R EAZ R  BEA S @RS BETIHE A TR

:\
\m:“

T .

....................... (2= 3-3)
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— MR KRBT ER R GRS — o FRIEAMIEFAS
LEFEZE P AR ENE FIRRE > SIS RIREBAKIE F
TGRSk Y FEER P OHAER S AIRAS T R e
WRRNEBRAAME Ak BT RAREY  BHRGHEES
# 100mHz % 1,500mHz M > 12458 VY BRBS HER L HARE
ARG REE - —fed 5 0 EATEHBIRER > BIRERER D E
ZREEE S SRR SARG BTRTRE BREREER
K ZIRARIARER o dt SR & OB AFIE - IRIRAE I 9L AR
W AR BRGE 0 B ERMBER EPHEIRE -

2~ RBFM

AFF B A £ B GSSI 2 3] SIR3000 i ¥ & 1% £ 4 AE 248
BRE WA RG LSRN EMAREF

(1) #ERIEH iR EME - EEARH  RoREER
& BHERE AR RRF 0 ERAFLTHRIET
o FER R ET SRR M EME A TR
BERAGRBAE AT EN > L F RFEME RE R AR
R FERBIR  MERERRDLH REE - REeK
fize kAT B e R R o BERP BE AT | 6L A AN P BR R
By o MRS ARE 31
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B F 3-1 SIR3000 i% #.'E %  #4

(CHH R sk B GSSI A & #g35 http://www.geophysical.com/)

(2) R& : TMAIFHEFEHO0kHZ £ £ % > THEHT
R E T R 0 BRI d B AR B @ R4 E
Z BB c RBEEA X FTHB P CAEABAE > K
s £ 80mHz £ 1,000mHz F] - KA RIFF S K& P
A% % 1,500mHz - R4 MRS B A 3-2 -

S = o «

BH 32 SHABNRTERR

(H# B - sk a GSSI 2 3) #4935 http://www.geophysical.com/)
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~ M) F B

(1) A&t E

RIZ AR B Z B AR 2 Mk > g R 2 A ~ 45 E A K
¥E 0 —fE BARM &I R RIS T @ BB A AR 7
i HAGTSIRAF R 4 0 Bl B] B AR AR AR W88 FARFF Ry
Rbin & o ATHRA M RAL0E - B A FHEREE F R E 0 — &Y
JeiR e X R BUAEIRAZ TR 45 E 0 Aok 10em 3K, H 1 ] 36 i
TR AR A BRI TR -
(2) s

A EH S RE ~ BRBGRIRE SR > L HAMBEAMES
AR 2
(3) R&aR

WRIFFR M Z R DABIRE > £ F BAE THAFHEER
WEARRE - — A SR TR WY KR 2 B LA K
TE o BHFETZRE T R A0 HERGA
& o
(4) ZT5H

WAT TR A A H R T @42 eskrr (Range)
F B (Sample) ~ 47 4 3k % (Scan Rate) ~ # k4% % (Gain) -
ML (Filtering) ~ 48 533
(5) A=K

S BT RE R AR M RG BRI k| A
BT sk sEEHEmFEERBELREB S R TR
B8 E B R R FBATRERRAE R BT E IR BBk

Rk
m
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% =% B AMEEEIERRA T ERE

Ttk ik K& — -
(6) IE KRB AR

M RBAFHR LB HSEY > QB FAETEE EFF > A
R FIe L2 AF 7 & (Marker) & T35% - 1F& EH 21
B - HBERBIF AL A TR TRIFREH B FALTK
RERFS ik T AL ~ 368 M R &K K $ B RORRE £ Bk

R HKEBE

=~ BRI T ik
1~ 4R R 7 ik

B 48 7 ok ik (ko 5,000m/sec) kA REERZE (X%
Jv7 4,200m/sec) o BENRE L EH MO ER R T
Fom ARk oy B IR 0 T AR IR AR B R RS R 3T
Stk 4 AE 3-1-

source receiver

direct wave '

Vp refraction d
0
N R e v v e NN NN
SOV N SN NN NSNS NN NSNS N NN N

B 3-1 rHEAFTATER
(HAHRR D AT EER)
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T AKX 34 HEERMGEFR (Ty) > AKX 35 43
HkRE M (Ty) > % Ti= Tobf > Z X A8 REH
TR EMGHRHERRE - VreaREL R BRR HA
¥ oVo Rt kmkkk o d bREREE > O 4
A 0 Vrevar & 5 iy HE B IE & e

L H

L VYR, (5 X, 3-4)
L.« , H-2d Tan(o)

2~ Vp Cos(0) Viebar (A X 3-5)

ATFE#E—-FALEFRATHE XK RERTHRIE S
BE o {BZXAR A ke s 5,080m/seC (Viepar ) ° iR #E L 40k kiR 5
3,800m/sec (V,) - kd@mkikik & 2,200misec (Vr) - 445 1R3#E
B Z 2% 10cm > © & 37 4% A 7T 45 b ] 1L F 2 4 (Snell’s Law)
A MCTREA K 34 AKX S A RF AR L Bl
BTG AN - B 3-2 P AR R THERERAR > LA FELR
Fe LR R 09RO JE AR R T AT A I A BT 0 LA R B AR Rk
oy B AR R B F ¥E4s BEAGEE R #e#k (Critical Distance)
R A SO IE B 0Y B R AT A A AR ) RN LB A BT 0 37 4T
AR EZRGER o R 0 A RERA N TR
(First Arrival ) % B iZE0k > EEE RN B E R LI 4TE -



FZF LG IR kR

200 —

Calculated Travel Time (Direct wave)
180 — | == =—=—=— Calculated Travel Time (Refraction)

- Measured Data

160 —

140 —

120 —

100 —

TIME (us)

80 —

60 —

40 —

20 —

0 5 10 15 20 25 30 35 40
OFFSET (cm)

3-2 IWEHEMEHAR-ZE
(CRARR AR ER)

— AR R bk B — AR A G R RAEHIE
Ay 5 R IR IR SRR AR T A fE AT I 54 R B A 0 A B 3B
ST B RHEBP T HEAT — F A R EOR B T 2R A R R
ANF-L R - AMRBFEEHR>FARE > BATREH >N - AT
B Bl a4 3 0 Bp i e 1 R IR B4R A AR 0 R P E] BR AR ARG S EE
PP & BE RERE o o Ve~ H Vs 6~ Viepar F 5 H B A%
T TARE AKX AKX 34 EAK S HARFMMBIRAEE R
A (d) -
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2~ RAHRB T ik
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O - B P A AGE A SAYRBARRHEREE 25585
—R B ZIRELF ZIRW RS LR AR — 8 #9.4 616
734 82 710 (1S » 3% — %4 5 s ik 5,180m/sec EATHEH » % R4t BBk
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RIBRAERBAT  BHTYRTECZ ARG ELYRE G AE
T AR W SRR BRI L ATAERE A\ AR RS LR &
FHAM R ERAE > BREA AR R ERKEME ldom o K RAHE
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1,733Hz > HARH & A 42 1.49m > s £45 B 3 o H e in i 4%
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FHF A LRI RIA R BRRIAR R 0 BT HMEZ L (F) 41
st £ (CB) TABEKRRNRIT -
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T R TEAR IR eI e o R RS BONAR MR T B
R -
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% 28 TDR #Aly k3t

BRI R S5 (TDR) 8R4 1950 SE4, » 547 A #AMa B 42 84 45
B B R R AR LRI R B ¥ BARE R 09 1R T AN
MY MRS RSTIR B R Bh o S B L AR B R T F S bk
Wi 2 1970 SFp4s 0 KM TAZRIER TDREL LB BED
AR RR R F R AR E IR —RILRAGE 0 EAR B
&4 (Coaxial Cable) 2 Bm# 4 - % T&d TDR £R1F40F) #h'E
BRI A R R E T IR BAL B W F R & 3T R A
BRGY Tk o JERAA AT RAARAIN > FTAE R AT RA
AR 6 B 3 T4 B2 R TR R AT A0 =R AR e Tk ik

JEBPYT RAF AT RE ©
B3 R4tk (TDR) fEA#A 4T REARAIN > HFEE—RMAL
STt RAAARI A F T8 BRI TIkE AR R RE T
S Bk PP T RKAF LT R » B 4-17 Aarip L 4THRA &% |
TAIE ) 3 T BERF RS A4 > H4TIER KA L 4m o Bl T4
MRRASL 4.38m - B P 0.5m & 0 R AR T L F B
L E B RS AWML E A 4m R o LR AR
Fleh e F > LB P —RAIFHEBLIARGERE S F =
B AL B4 B 494 A 8.59m JE 0 2B 3k SAEATIR Y Sk
KRR FZ A4 B & Flah BT84 & > L 5 — R S50 B 3R & & 7]
THEE ALV AKE &% 4.50m -
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B 4-17 A7H0 £ AT B R A M
(HH AR * AR 222 )

MEYE 3% Bl b B A ATARA] 0 Sy k@I R EAE > EE TDR
BN LR R 3T L AT o WO TR B R B AT
B ABRENARTEALELE CB) THUTEX —FERESR
ERE () 478888475 — Ik KA SR HE B ET TDR R
B 5 ALE 4-18

R = Realstance G = Conductivity
L = Inductance € = Capacltance

Distributed parameter equivalent circuit of a coaxinl cable

4-18 TDR BHHETE
(EH 4R © 454 p W. M. Cheung, 2002)
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JERIE MR E ALk AR A RA (Z)

AR ERAME EHEBEIT TDR B o 120540 55 VAR #F 72
OEVELEBY%ER @B OB B AL EF &
417 TDR & > 4B K 4-1-

A 4-1 TDR &z AR
(HPHRIR © ABT AT

4-19 & %% TDR #F £ =% &4 [Cheung » 2002]) - %3k
IR AT RAEABERR RIS M AR E AT P A KK
& 25ns ~ 35ns ~ 160ns ¥ 720ns & & %34 A8 1R 0 ik B4k ke

B BRAT R > 423k 25ns A 35ns K AR & ROLTY A B LB
55 kM & E R > Rk 160ns kel sk A LA KA E
o BLH SRR BRI o B R AT RE o ARYE W R B R AE L w ok ik R
K #% 7.7x10'm/sec » #9.5 0.26¢ (¢ & 5kik) > ATHEAFF % G kAT
) & 5 B 2 % 3k 494 0.82¢ o
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A#t % TDR ABR A IR E W B /791 = TDRARAMR B BT &
R SR K 4-2 - TDR ARAMR W34 by TR B — B 0k > B
WS 49 2% 34ns > b F IR NI K BIL R TR 0 g BNC #E A
AR o Bk AR TR KL 0 RS H IR L H o A R

AL L ATRBI R EZAE -

B 4-20 & TDR Bxze &4t > A1al5 KB40 558200 TDR =%
AH 0 A8 % BNC 3240158809 TDR ik &4t - BT &
W E sk Loy BT RS T ek ek T O & AR E KR R
# o RILMMH A THATH £ 5 67ns > 133 BNC #4058 =
THAFR 2% 98ns - #AR Im KA ABEER AL 3lns

R Rk ik #9 4 6.5x10'm/sec » #5924 0.22¢ (¢ &k ) -
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STIRIRE  — R T ABERMG SR RANES M TR LMW
TR > R TDR AR o Xt k48 Bk JEsn o B AT & 448 B AT %
MRAE RS M TDR EE kAR 7 X - R L4T4ERE L TE - &
PriFis RO B4R kA > i X T R RALLELA 7 ik oy Eh > Beg
RAgT L4TRERY) TDR ® ok PARE - © ok AR AEE L4TIE R
REZBEEIRS

TR ETHEEEA L (B) TRE > AL TATE
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BRA M2 7 K SR Bk o M B AR o K A7 & K33 B4 R TFA AN
T (B) sroi TR > M ERAGL (F) dT56 1T ¥
TRAAIFEIAZ EHAEEL (5) TRBAZERAMS RS -
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FocEn AR SRR R A SR

# A4 (Micropile 2, Minipile) 12 &/ 212 0445354 > =2 A
AT I M TR R R TARME R 0 L F R ZEAA LR TR
ol do KA B 3245 £ 3056 ~ SR BB IRAR T E - —MAB O
# 1 10~30 cm £ 4 > F MR ETAR IR AR A i 0 REAK
R BB IAH ENBR BN EETRERT - $URLET
EMEmT Gk —RREEIKE -

B AT # A A5 38 S A AT 38 R 64 I AR AR R O ik SR B R AR SR A
TR o ARG R T 0 JEBERARR kAR Sk AR
2 BOREN R B AT OGO JEAOR AR R 7 ik 0 ISR AE L R A A%
RAG By R M -

AR TG ST 3T AR 09 R AB AT S B R AR e — A Ty
ik o AR R R EE 0 B EASH 2R (RAEMARAD) AR
RA AR FKAEH AP B 0 A RER T T ARG F R R &
Kook B8~ MR ke (e T P RMEHAXRIRA) ~ B R
ZAzhr (GEL P R ET R F 5| ) - H i CRELZ 6
B~ BIRF) o BERAEAREAN A RARBEIIAST TR ENART >
WA AR L E ER R ARS B L H SR 0y 7 Ak
T w5k BB AR 0 RIHIE SRR SN s X TR IR HUR AR SR
ThERTFHK-

B AT Bl w3 FRE AR A B R A 2R R ML R | R AT
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3 A o kB RAT R SR ARG SR > A ARVTAS B AR SR
FATEH RIFERITE R AR E AT R BT R
FEAMYRIA S b > S RE 4-21 e ERBETATEAEE B
e Pk 0 B AT R BRI R EALE £ BT EATH
B BRI L £ BEFAFR BHEA LR IALE

B 4-21 & & R4 A AH

CHEFFRIE - 5% 8 #8554 > http://www.cse.polyu.edu.hk)

RIF R HARBIME L 7 X BAR BN B 7% Rdg RAHE X T a5
&5 W R4tk (Sonic Echo ; 4% SE) -~ Bkik R &% (Impulse
Reponse ; f#% IR) ~ A& & k% (Ultra-Seismic ; 4% US) ~ fix
w2 541k (Impedance Log 5 A% IL) % - [ EAPE A
A P AR A A5 4R 4 0 2001 ]

SE ;¥ X#% & A %% (Stress Wave) =% & 4 % = J& & (Pulse
Echo) - 3%k R 3 R A% 7 ik g % w &% (Impact Echo) 48 ] >
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BAEZ X G AR ERITHTRAEH RAETR KX
REREHBERFTHEA > HARZZMHFCERAR HFREANT
FER S 3 H R BATEBRA - WEBRER HRRER LT &
JEE R AR A S A] 0 T R Al AME R AR ARG E - E— K AE
WA S BB ETARA] S R E L L3ENE R as e iiis
FRELANBER BHE NGB R—RIGABE  BAKS EF
eSS NAREMAEE FEBR AR Y MWE BRI RIT MR ST
AR LB AR R RFEAE 0 R AR B AT T AT BRI -

BhH 4-3 FkRAEARBE
CEH R - 34k 8 #8s5 F 4 - http://www.cse.polyu.edu.hk)
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IR &5 d A BB Re& T EHR v (CEBTR) 74 1960 14X,
R TR o Rk 7 RS w ik fam 0 A FHR T dAE
14 HHE B IR BATHRIA R B IEZ i B miE R R Z & N 3R
BRFEIRE > 5B 422« bR RB L BEAE > BAERCHT
fis » B AR PN £ BIAR R AR R du ASTM-D5882 - Kk & X 6y id
JA PR & G KRB R HAEEN =T 2 = TR A 0 & AT R
TALA S P 0 sk ik I 18 R AR s M o

admittance I'l.r,.fFI

Mecharnical

4-22 Rk ik RJE kA F

CHEFFRIE © 5% 8 #8554 > http://www.cse.polyu.edu.hk)

US ik B IL %34 &30 S RS bR R 7 ik AR B AR 875 %
By El o ME B BUAARAE 7 X FA > AR AAak > LB AT 84
Je R E I8y B AT kSRR R IR AR Al S ]

AHBRNIECS MR F X 5L TF4TERE (Parallel
Seismic; f#% PS) ~ #53L& sk # /& /% ( Cross-Hole Seismic Logging ;
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f§#% CSL) ¥ 3LEfF & 4% # % (Cross-Hole Tomography ; f #%
CHT) -

FATERE AN R AR BARE — R LR SN B R
JEo RBAILNEZ — R 7| FRIBESEZ] 603500 &5 > I A 4538 L 4T
BB BN SRR B IR RIS E R ARFIESER
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YEEE Y HA o
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S A AT B I R R T B E AR R AR AR AT AR KIFIR
B ATk BRI HREE LT o sbiE R K AR BE A ME A
#3%) PVC F MR LA TRE > &% T HRE T ESERIZRIE
& B PVC 3R K5 R KGR EH FRAR
WHORE LB SR B ATHOA] o Jb 3R 3L Pk 8 BRAG AR I AE TAZBp
R RO LA F A EBURBIME R RIRBAEST B K AR
RFOR AT 0 AR EEIE BB AT SRR TAE SR E S
o MR R RS 0 2T RSRFARBT A -

P SLET R 37 e R L85 3L R B TR AL 0 AR AN BR 5 BEiE
BB T AE > AR EATET R IR 24T - BB RITRELD &K
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