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Abstract

There were two parts in this study. In the
first part, the rainfall data and the occurrence
time of debris flow were collected, and the
rainfall events in which debris flow occurred
and did not occur were digitized, and finally,
the basic statistical parameters of the two
sample groups were obtained. Using the
overlapped portion of the two groups, the
probabilistic  critical rainfall lines for
predicting the occurrence of debris flow were
proposed. The second part of this study was
to investigate the relationships among
seepage,  electrical  conductivity  and
occurrence of the debris flow caused by
piping.

In the first part of this study, 17 first
order streams in the basin of Chen-Yeou-Lan
streams were selected as the samples. The
physiographic and hydrological factors of the
watersheds of the stream samples were
investigated, collected and examined.
Subsequently, five factors which were more
relevant to occurrence of debris flow were
found. The factors consisted of the land-use
factor, percentage of soil particles greater



then sieve No. 4, effective watershed area,
length of main stream and average slope
steepness. After from these, Fisher’s
discriminant  function of  multivariate
statistical analysis was used to derive the
equations of critical rainfall lines for
predicting the occurrence of debris flow
before the Chi-Chi earthquake.Some
modifications were made on the critical
rainfall lines for the occurrence of debris
flow  before the  earthquake.  The
modifications included the land use factor,
peak ground acceleration (PGA) and an
influencing function which decreases with
time. In order to test the modified critical
rainfall lines, the rainfall data of the Toraji
typhoon on July 30, 2001 were used for
analysis. The results were found satisfactory.

In the second part of this study, the
critical hydraulic gradient at which piping
occurred, field dimension analyses were
conducted and accordingly, seepage tanks
were designed and fabricated. On the other
hand, the variety for electrical conductivity of
the water was also evaluated with the seepage
experiments at the same time, and tried to
estimate the relationship between the
electrical conductivity and the debris flow
caused by piping.

In this study, Feng-Chiu of Nan-Tou
prefecture was selected as the site. The soil
samples were collected from the upstream
site of Feng-Chiu. After tests, the grain size
distribution curves and basic soil index
properties were obtained. Then, by using the
obtained data and properties, the seepage
experiments were designed and carried out.
Therefore, the critical hydraulic gradient and
the equations for calculating critical piping
might be evaluated. It was found that the
critical hydraulic gradients for the soil
samples with the slope steepnesses of 45, 60,
and 75 degrees were 0.416, 0.413, and 0.383
respectively. It also found that the critical
seepage angle for the soil sample collected
from Feng-Chiu was 26.4 degrees.

Keywords: debris flows, critical rainfall line,
peak ground acceleration (PGA),

physiographic factor, hydrological factor,
Fisher’s discriminant function, seepage,
critical hydraulic gradient, piping, electrical
conductivity
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ABSTRACT

There were two parts in this study. In the first part, the rainfall data
and the occurrence time of debris flow were collected, and the rainfall
events in which debris flow occurred and did not occur were digitized,
and finally, the basic statistical parameters of the two sample groups were
obtained. Using the overlapped portion of the two groups, the
probabilistic critical rainfall lines for predicting the occurrence of debris
flow were proposed. The second part of this study was to investigate the
relationships among seepage, electrical conductivity and occurrence of
the debris flow caused by piping.

In the first part of this study, 17 first order streams in the basin of
Chen-Yeou-Lan streams were selected as the samples. The physiographic
and hydrological factors of the watersheds of the stream samples were
investigated, collected and examined. Subsequently, five factors which
were more relevant to occurrence of debris flow were found. The factors
consisted of the land-use factor, percentage of soil particles greater then
sieve No. 4, effective watershed area, length of main stream and average
slope steepness. After from these, Fisher’s discriminant function of
multivariate statistical analysis was used to derive the equations of critical
rainfall lines for predicting the occurrence of debris flow before the
Chi-Chi earthquake.Some modifications were made on the critical rainfall

lines for the occurrence of debris flow before the earthquake. The



modifications included the land use factor, peak ground acceleration
(PGA) and an influencing function which decreases with time. In order to
test the modified critical rainfall lines, the rainfall data of the Toraji
typhoon on July 30, 2001 were used for analysis. The results were found
satisfactory.

In the second part of this study, the critical hydraulic gradient at
which piping occurred, field dimension analyses were conducted and
accordingly, seepage tanks were designed and fabricated. On the other
hand, the variety for electrical conductivity of the water was also
evaluated with the seepage experiments at the same time, and tried to
estimate the relationship between the electrical conductivity and the
debris flow caused by piping.

In this study, Feng-Chiu of Nan-Tou prefecture was selected as the
site. The soil samples were collected from the upstream site of Feng-Chiu.
After tests, the grain size distribution curves and basic soil index
properties were obtained. Then, by using the obtained data and properties,
the seepage experiments were designed and carried out. Therefore, the
critical hydraulic gradient and the equations for calculating critical piping
might be evaluated. It was found that the critical hydraulic gradients for
the soil samples with the slope steepnesses of 45, 60, and 75 degrees were
0.416, 0.413, and 0.383 respectively. It also found that the critical
seepage angle for the soil sample collected from Feng-Chiu was 26.4

degrees.



(keyword - debris flows, critical rainfall line, peak ground acceleration
(PGA), physiographic factor, hydrological factor, Fisher’s discriminant
function, seepage, critical hydraulic gradient, piping, electrical

conductivity )
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a=-10"(1933C + 78 =10t — 0.57 f — 0.96¢ +1244.5)

(r> =0.63379) (2.1)



o S S/

b=-439¢9%% _32605% _ (735671 —2.004¢ B —7.309¢7 — 41,393

(? =0.61874) (2.2)

HP o cAHAERT s ARE e HILIRL ~ [ B L3BRIE AN
ARGAAE EZ A otb -t B EERAZ IR 200 K A1EEET T L
REEHRFE LB RBABERBE TG -

FTROE ~ IR (1997) [20]#F bR KR £ 3] 8 L 572 9138
BRALTBRZPE RE@MORAEERIBARE - REN KN
BEANBIEMERIBT N REHAY > ERBELEH -

LB A~ WhEck (1997) [30]4t# & 2B LB 484 M B
TH O REEREH I LA BE LV ERRYWERF (LEILMR
E-RAKEEH FAREHMKBRTF ERPHRE) 2 QOFHLS £
BREHIE ~ RBMEZBEREREAK -

SERR C BAR CRE R (1998) [21 R4t b1k BT L+
BRBEELARE FRERGERKZAR - E IS LT HEL 25

RERGAX L Y=aX+b> ma bzt ELTX
_102]” 0.106(NO4) + 0.059(NO200) — 0.832(n) + 0.00112(4)
- +0.224(L) - 0.0293(S) + 4.24(C) - 122.597

(R? =0.85173) (2.3)

b =-2.377(NO4) + 0.308(NO200) — 36.254(n) - 0.113(A4) - 5.722(L)
-1.232(S5)-233.325(C) +147.364

(R?* =0.61221) (2.4)

H P NO4: L3 AN B4tk
NO200 = £3& 174200 B 4tk
n: EREAMBE (BER)
A BRKET@MHE (NE)
LegmkE (AR)



S:ERPMEKA (K)

C:HAZEZRFASL

SLIEA ~ R s BokE (1999) [22]a ¥ atmim A Rl #

—BEREBARABAERERRZEET F B PELENH EZR
AR SRR EZ L o

SEIEA > Bk B - BF4] UK (2000) [23] s
AR - KB FeF ik AR R ER G EM AR DIM B30
BAGANERLAEANMWETRAL RESGIGBE LG REBR
M w4 AR A R 3B EE R R R A& R-D-F B4 B T8 A2 818 &

HA XL RGAEARE KILT/EA M EMLRS KK LARE
Rt — B
SBAER ~ BRI (2001) [26]R % % RIBERTRLIRA i 7% AU
—BRERLI AR EBERERRZREFT E FHEH=4EFTES
BOWERERERE AXERFHALERERE T ZMA
WIS —BOERALERBFLEERERERA LK -

BF4 (2001) [TIRS S EFRESMAIFHGE > AEUAKRE
b o) B F 1% 0 8R4 A 1 4RO RK -

SLIEAR ~ Bl Ak~ AW (2002) [27T)4RE 921 B RMEZ
%o AEEBRNEEFAR LA AERXBF - ZHAEEKX
@kum%%kmﬁﬁfm’m%ﬁ%mﬁﬁz%%&&’£m§%
KBWESRBEZBREREAR » AF4 21 HEZHAHTR
R, o

EFHAMBERERGHAR T SUREREFLHERRELR
izﬁ%izﬁﬁﬁﬁﬁ’ﬁi%ﬁéﬁzwxa%’imﬂmz%
ME > BREERALEABLEATZERAAR BN REH

6



N B8 B Z T sk WA ERERMEZ — ST~ AR
NRBH LB R TRERENRE -

BA— R LEARAL AL BT EHZBRARS BRE
HELHRBAMOER BELE  FREUBRBRITG T ERTE-
EREHERSBE LA TRAS  RMHPER BRAFIZIR
ERE-EREARLEERAELZME BALEAMES - wIbRE
Ao A ERMB EHAMRT AN -



CEL R A

REARRRZ G BEEERBTHELLRABLEBRALXR Y H
o B RAHMBE - RETHHAR CGEERF (2002) [27]) - &
REAHTHLERM SHEBNRAE M ERABZIERERTLEH
BAEFHETRE - GRLGAZHHAEIR  EFALAL T @
MNEBRZIBERT > ABBARBUNLEABLBRERGELE
7HR LB RBEARRIARRREERRS > AENIL BIE dof
RWERA L+ EN LI RABFEREETH A EA G R %
THREA LB RBELERERGRARN LS G T E -

3.1 AE#ES

FARAABGEN LA B LCAHAETEMAEH L EETHRSE
BERBZ 1T EHRER  HHFBLEARETARE T 74
BEREZIWX - AKXBFREIBZHNELL2B 2 TRATE - AFE 2B
A= —AH199F9 A 2] BEERMEZSL  HREEZRA
WGRAEEABENRIL A AR ABYRTFOEBEA AR
Ble Aot HPBLAURRBAALERBEEANAR AKX FUEE
BERAREBNEEREZ A I A B AGMMASESR LT RS
ARRANBITILHRIE - 5 —AEARERT > AAEAE L RE
0+ REA T AR METHAL LG MELERE HTABER
ARELELBRBG - FAEFAM AR ZEREMN R ETHES
T EIREABRBRB NG T K -



3.2 MmERE

AHBRWE T AARERKSMHZIARER  FREFELEE
A2 ABEF  KEREXEZMX KXRLBENELH AR
B EERENRZBEEREEN RE 1 HAEZ —ERE
B RAEREYTA —ANEERREZK FRIINEERE
ZHBE HNBRRHEGABABRBEREAXTHRAEERBERL
EEAABEFZEE BN TRARERPREAXRGRH ZHE
BEE ZHEMINHNESBERRAZSARELMGTEAESER 7 THSF
A EBREREAR -HEIMBNEERERRTALER
BAFHBRHRAEARRN  RAF SR RERZMS EERFERE N
XA LB RBEA KT T RBTRIERNR - F —RREARNRE
ZAAERE T LB RBELFH EHERGEHSARBTERELEL
LR A A S BT UL BB AS B EEARGAE  AA
BEFEIBMOMFHEMA REFERREZ IR RERKEMR
EFXEERBLABRERRG AR - EAR AR B AT



HAZAEMEHZKE

HEEHZEE
|
J' v
WEK LA AR F2EE AT 5
BRI R A
PGAR X 23t H
ARGt EzitE
#F 235
AERMEZE "
BA I BREH
Wi

B 3.1 s xSz

10



3.3 R F xR I

ARG AN BIRIE ¥ BRENH ZE KBRS KERR
HMARAERZAAM A 3B RAEUH RN 2B F BRI 2 0
MERM - LBRIAARZBMUS BRI G — BB L% 2R
F&a@gﬁ&ﬁ%usﬁ%ﬁ’ A—ARBEEREX LB RAFABREREY N
Koo AFHRS BT

3.3.1 MAERZBRRAAMMEH Z &

B RAERZEEINS ARSI ABY Ak (2000) [5]4 B
BREEN LB RO RARERZXBRER P TH L2 g RE 70 3]
BT HMBELBRBEAFHZILER (&3 1R AwEELKE
RBF AARBERRA M ERBZIBRARAEARE RS A L6 h54
RBIBR A= ES (k327 CHAANEERMEZBLEE
ER R R AR ZREBF N URH AR A LB RARIPZ ST &
BRRA MERB 1T ERAER (0B 3.2 8%3.3/%) H4
RWXZFAARIE - HNBEKENHEREREAAM T2 k& 8
ZRITRFELLAZBLETE BTk (2000) [5]H 54 A
ERZIBX - KXBFRIBHEL B ETRABFEATRERE
#o HEBERF ot

11



& 3.1 EERWEAN LB IRB A 2%

IR A5 % E i B ik e A= % F 4

MR RE8F8A18 2-38% L

A5 KRR F8 A1 A8 2-38F B 168 R,

BR A EBI8 48A182-38% B 16 B6 )R,

ER A KRB 8 8 A18 2-38F B G REJR,

215 RES8 F8A18 2~-38F B 6B TR,

95. 5k EB8 48A18 1-28% R

RA M % RE 7448 AH23819:00 | B&A&ABR

W KRB T8 A 228 18:50 BB R,

RBI8 4 T7AH3 B I11~-1268%] B8R
RE8T#6 A 98 18~19 8% @

FES RE8 F8A18 0~18F B8R A

M EAG KRB 8 F+8 A1 8 0~]8% R E)S):

RIE—%A5 | BRRTH4E8 A 228 4-58% FRRR

H IS RE 8 F8A184-5ef RN

b%i%E | MBE—F/AE | RES8 A£8A184-58% ERED-S:N
& RET849A 128 14-158%] A&

£3.2 BERMENEKERBRZ L6734 b4

s e |HEARER | LBRELE L5 HRELE
RS AR # 8 E4#8 | wH%
RAEME | 17 13 76. 47
Jb % 7 3 42.86
5 2 0 0. 00
Jb L3R 2 0 0.00

12




R TIENE :

E
S
3.2 HABERZ,HE
k3.3 MARERZ BN WEAZ
AR | B (BE) [ B/ (N) | #&%En | B2& (B) [ A& (D)
%4 | 235600 | 2629600 2565 237400 | 2615900
#MH | 235500 | 2629400 Bis 237500 | 2613400
¥4 | 235500 | 2628800 TES 238100 | 2613300
2ZR-RH | 235200 | 2627900 E4.T ) 237800 2612200
i yuds | 234800 | 2627000 & EAS 236500 2608100
BraeAs | 234700 | 2626600 MBS 235300 | 2605900
L2t | 234400 | 2625700 | R3H A& | 239000 2606800
95. 5K 235900 | 2619800 | R =346 | 239200 2608100

Y 236300 2618600

13




3.3.1(a) L¥$1M BHF

BAKERBN LA ESOEAHNE AL B RAZBALER —
EREZHE - HNLHWAAZE hREKERN LA T AR
Wbk AR RIPTIR BE A S A% (B ¥k (2000) (5])- £ &
ftagi@f2 > 3%k A Inagine B RESB LB % > L4 A
HEREAT EMOASH BB S P 2RIBLELZBRIE £
P RIEBREHRMRA RIS > WRAHBEH > BR FAKX
AL RE T

AR E b=

F 5 &%
£KE BB (3.1
AR IHEBI Tk (2000) [(D]HABHEREALEIWAAET NS

HELRIANKIAL P

3.3.1(b) EAKEMXHEF

—f&ME 0 L ERBAMWEREANT LEE 22 TRE
RAEROMEFRERAEB AR EBE LI RBHARGTE - B
o HNEKERBEWXBFHOEE » A BE A O EH
#] B 3h32 % 30 4 #3088 (ARCVIEW » ARC/INFO %) Ao b 547 2432 43
EHOREKEEH ERARE EKEFHEE - EKEW KA
ERTHWE SR - AREREB YR (2000) [5]3HEHALR
EABEKEBXEAFZLERFINESL o

14



(3.4 EERWMEMKALAZ LA AETX%

- 1R | AMBGEE | AR E
38 #8 otk (%)
=N 604 3582 14.43
¥ 42 774 5853 11.68
LA 920 2240 29.11
ER-T-4% 1734 3499 33.14
EREAG 348 3449 9.17
ERHUAG 1632 974 62.62
A 515 3050 14.45
95. 5K 2034 10536 16.18
W e 536 10184 5
cyE 10 17439 0.06
B it 59 1657 3.44
T i 8 1701 0.47
45 416 5768 6.73
5B 3111 7688 28.81
¥ B 346 10767 3.11
R — A 284 6887 3.96
FIH = RAE 19 22458 0.08

15




£ 3.5 BEARMEMNBAZREKEBIE T&

A SEREBREREE| EKETFH i;iz E RT3
(ha) (m) | AE (km) E (%)
+

15 54.74 828.7 0.7 0.8 17.12
R ] 100.48 607.9 1.7 2.7 14.36
L% 45.92 540.3 0.8 1.6 18.99
2R T4 78.4 576 1.4 2.4 14.29
BR A 48.64 795 0.6 0.8 10.54
2RI 36.32 377 1.0 2.6 11.53
L2 52.8 1163.2 0.5 0.4 13.09
95. 5K 192 1116.1 1.7 1.5 15.57
- 161.28 1507.2 1.1 0.7 20.98
515 2066.4 1010.7 2.6 2.6 6.99
B 3uAE 25.12 552.1 0.5 0.8 10.21
T ES 21.53 546 0.4 0.7 4.29
e 93.28 787.1 1.2 1.5 7.70
FES 164.32 1343.6 1.2 0.9 14.86
M EAG 169.28 1640.1 1.0 0.6 14.34
RIE—RAG  68.64 1087 0.6 0.6 13.78
R RAE|  345.66 3420.8 1.0 0.3 20.54

16




3.3.1(c) 2B/AHZHEF
MEPTEEHASREZRBREUHARERAN S EREARER
2 EKE  BITRTERBAKRE EHFRFEALEATRE Y
BATEE E O ~ R - FTRB R A AT N3R5k - ARGk
Bl ik (2000) [BIHEBLIEN L2 RRERXEMNIINLK 3.6 F -

17



%3.6 BEARMEN LR NERTFHRREML

F oL 4G | B 24 | 41 L4 | 5T 4 | B2 4% | B8 UG | b B4 | 91 RLAE| 95. 5k
<> g
i:szJS)& 235.6{ 235.5 235.5 235.2 234.7 234.8 234.4| 235.3 235.9
£ ‘g
i: }(‘ N‘;’i 2629. 6/ 2629. 4/ 2628. 8/ 2627. 9| 2626. 62627. 0| 2625. 7/2605. 9 2619. 8
R
R
i & 1.524] 1.645 1.827 1.661| 1.512 1.463 1.581) 1.612 1.603
(g/cm’)
fe o B
e 3 1.965 2.022 2.144) 2.031] 1.947 1.915 1.986 2.005 2. 005
(g/cm’)
-
;i% 0.791| 0.664 0.464 0.589 0.771| 0.829 0.681| 0.646/ 0.675
3
; fl‘ 0.441| 0.399 0.317 0.370| 0.435 0.452 0.405 0.393 0.402
EX: $ ¥
39.40| 31.25 23.10| 43.34 41.20 12.38 42.11| 53.54) 24.64
#4 (%)
EXT BN
26.63 25.72 14.61| 21.54 38.78 71.38 20.26 24.00| 49.71
#200 (%)
BEA | o 060 0.090 0.130| 0.040 0.020 0.000| 0.030 0.140 0.060
(kg/cm®)
N
4 (- | 3620 39.80 27.37 24.89 37.35 37.33 39.13 2637 37.81
¥R
i 7.87 4.49 NP 6.12 6.7 3.85 3.43 7.07 5.09
15
U7 K |9 0K 4| K L[ K [P R A5 R K A RIS R AT A A
B SR BIFE O E|R > E|R  SERE 0 B E#BE ZOm#’&EL
% [% SOmik 2~ 1~ 1 ~[% 10 1 ~Bn > 35> 38 5% 400
+ » JEASPSm > FEQ2m - 3E[3m 0 FE|> FE B2m - IE|S 50m> | 3B 3%
e [200m o [i§ 30m46 90m#s 50m30m- M6 80m1600m |% 10mBOm- &
o WeEs BE B2 HEEEE &2 sl ulz 3
#  BRF (10m- F|l5m HE(15m- &% IOHIOm’fEE%i%‘ » E KR
Rk itk KAk E |0 B st [Bno by £%
AR

18



%3.6(8) EFEAMEMNLENZRAFIHERE A
H— M=
wr | #5| mois | 2408 | 2ois | 55 *ﬁl EE%
< g
REBE 236.3 237.4 237.5 238.1| 237.8 236.5 239.0 239.2
iz (E)
K;igs
ijj (N)’i 2618. 6| 2615.9 2613.4| 2613.3 2612.2 2608. 1| 2606. 8 2608. 1
T
IR E
i & 1.359 1.628/ 1.472 1.580| 1.701| 1.514 1.332 1.439
(g/cm’)
40 B
g & 1.851] 2.012] 1.913 2.004] 2.060] 1.950| 1.815 1.891
(g/cm’)
1Ig
o fl‘ 0.971 0.652 0.807] 0.751] 0.605 0.775 0.937] 0.826
;fi% 0.492] 0.384) 0.441] 0.424{ 0.377 0.436] 0.484 0.452
IR AR
49.32] 64.18 32.71| 52.62 34.22 33.34 31.38 43.66
#4 (%)
EX: YV
19.96( 10.59] 31.40[ 11.79 36.22 28.46( 33.99 17.19
#200 (%)
’m‘“"’z 0.000 0.0000] 0.040| 0.160] 0.000{ 0.070] 0.139 0.026
(kg/cm®) ,
N IR
8¢ 26.89 42.15 37.39 29.86| 40.12] 38.27] 25.44 32.53
B 7.58  7.87 0.79 1.08 3.76/ 10.09 7.65 5.48
5
Bk AE G R|FF R BT K AT R AT R A% £ AT X &
) B REBER EE ERE ESF EfE15m |F &£5|F15m >
B 2~4m o {45 2000m20m > SE2~3m » | ~2m + & £10m%E  NklE & £
X s 4l sz khs 800m¥E 4% 15mEE 46 20m > B BT M| % ki A8 F
B 100m- 3|3 £ 20m» sk |0 SULE SRR DB | AREF
#1230 | S % £ 100 £ 15mpk %  pp
o ek v |om

19



3.3.2 mEAHIL¥E

EREMGTEFR BARRANLEABATREAKZER S
WRALBERERRARBEZREF @ EIEA BT R4 ARED
EF (1999) (2235 A A REMBETHIN % Hili T :

3.3.2(a) MERTHZIKERIEMS

AR EIBA 0 R R R E AT B GBI AFZRE R AN
ZEFREEHN HFRHARRT0 F~RE I £+ F2 2 £F
%ﬁ%%z%ﬁ&%%%%@%&7ﬁﬁoﬁ¢u&ﬂWHP47$
2RI AMEATEREA LA LBRERKIALRSL
e MRE 90 FXERREEAESL 2] FERMEZ KB EL
BREABRERRAXZRE T -

AARFIAGERSE (1999) [22 | A& BRI G E

FHBEARESREF AR ERS - B X, 2 HhEMEE

2(x,)=Y22(x,) » £ Z(x) ARA (X.0)Z A Eh + 4, BEAL

(67) 2 B & % # o @ oa=-Jl) g1
Zj:] f(dOi ) dOi

dy =X, - X, + (¥, -Y,) (E#E)- (FEZHE (1995) [1])

3.3.2(b) #Atwmm
ﬁ~ﬁ£mizm%iﬁ%%%zgﬁﬁWﬁ 2 RBF 0 B ATHR R
HARGZEREREAEIATH B TRERETHH LA TR

20



WG REGE  BAL R ABACRFZATLE T RAS LA A IR
F (1999) [22] e & =R & > #ili T :
A EREEE (T)

Bp B FE B R 42 B oA (32 0 Bb R B — MK X2 & pr 45
ALARERAOPTHBAERE) LT HRMBENL & $
Fef £ AT 24 /B3 RS/ B3 10mm Z B5FI2E - 24 24 )\ BSpy
AEMERERE 10nn Z BRI > A2 e RoFR o
A EMAE (ER)

MAEERRZBRE (4,) W ERANESRE (d) f—32
B (o) BREANHFALERBE TR

ER=Za’d, (3.2)

,ﬁlq’;ﬁoﬁk%&z/ﬁfi » 734&#% Fedora and Beschta (1989) [16]
A MERAT KA BB R R SR E 5 05— ekl B A
# (K- recession coefficient) Bt KB @#% (A> Br: 2 HE)
B AT M4 :

K =0.881+0.00793 x In(4) (3.3)
X (3.3) AR HANBGYE  BEBa=VKI AL R RAHME -

LHX R R FAABHEHAR CRERA L — 1B G2
mE  ENZRHBDAZTGHBALETESRERU—F R
BRERRAMF 2K (3.2) PHARTHELE > BUAMEHLT
X (3.2) 2#2ETATF !

ER, =0 (3.4)

ER

H P
ER, B — B L RGHAMBERZ AKX EHRHE (mm)

=d,, +aER,, 120 (3.5)

21



ER, AIE XM A% EMABHE (mm)
d, BEENHZERE (mn)

a BRAHBEBEAKX (3.2) X REF
Ak E#4iE (ERP)

BATHE X RZERHBHRHEAERZA X ERTE R
ZH R AN AR GRS A A BAEF R EAREAY ML EmE
T HBIREP TR BA KR ERE -

RIFFCERE (1999) [22]45 B AL RG» HRiE > P AR A
T ERAREELBRBG  RATEFHZRBA B3 H B &
WBREAEA LB RGRBIAXERRE LHBRAEL L5
Mez A EMBE (ERC) R ZBFMEBAT N NERIELRAZE
BEMBE (ERMs) - AARE EHANRI AR EFHAL L LA
GHARRRZERNT &3t B o@mG TR 5 ARTHAE
RzREETHERREREAE L EHATE (ERG A ERM) > £ &4 F
w3

ERC, = ERM, +§(ERC—ERM6) (3.6)

ERC, = ERM, +§(ERC — ERM,) (3.7)

ERRBAIDRAGZRERA AT A XKRZR LA
BE ARBERERGEFZERXEBRNERZTERIAR KA K
EHME -

SLERF (1999) [22] R4 B A THRKRBREZ AL RS TES
HEUREN BB FZHE RELEFHHIEREATEMRERE
A 150mm X ERAESAEFTRLE BHLAERATNH%L 3. 3.3(a)

22



B PAMNERERERREFEZA R ERAZEREME

R o TR AKX

ER >1—aT(150)
T l-a T

H
T %% % % o5 i (hr)
ER Ba 1R (3.2) F

23
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& 3.7 MEBRABLB—ER (BEFFAFE)

TR TR k= oA THikT | MENL
270 B i RN 0020 kX
270 B % R 0045 xF
270 B iE R 0050 FR
270 B BRI 0075 2 3%
270 B i R 0330 bl
270 B % IR 0500 NaR
270 R k) 0570 2
290 & 7KK R 0070 Rig
290 7B KR IR 0330 i P9
290 %) 7K 0370 T ¥
290 7 7K E I 0490 RIA
290 B 7K R R 0520 4
290 B KR R 0590 e
290 8 7K R R 0610 7
290 % 7K R 0630 REAP S
290 B 7K R R 0790 g4
290 8 7KK IR 1040 ]
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3.3.3 AERMBEABRERKZIHFERRE

1999 9 A 21 BEB PR LEHFEANKRMBERMET.I KX K
B BREE 5 ERE 9909 B~ F4 575 Bt AR S 2246
A b3l T AREMHEA R ERBAERHBIL &5
LB BEMERPBPRIFTHER > FE LR E - HER
KOFINEBLRRT AR TRALMELIR > BL I L6 M43k
HPNEKEN  RTAREZRHREFIBELERAUNBRER-_KREE
(BhEBH% > 2000[24]) MEAFH LR EHRG > BHAER
Wt R M Fe K ATH AR E (B4i&k  2000[25]) - E st
BTRIBEBRATRFRO-REE  TAHLEETBEAUAR
LERBEABREREAXLEEERBERZBAMK -

SBIEARE (2002) [2T] R4 H b BEeh B A B TR AMB L LB
B RECRHAEAORN  EFERB TR GEEIR SR ER
MM LG RO BEGEWED A LBRIGRBLBEBRERSE
PRARBMBZFOBEE RBAMERZIEAAYE 0EER
ARR ESGMBMBEEEBETFRMMAY  EREKGLER
AR A AR Db, 8 B B T 64 38 o M AR A ST 0 L B BLBE S E 7l 47 42 3
BREASEIS > S ERFR MmO A ERRAME - HABKE
AR TRREBRGEREIRAREZIN & LBHNRREITHE
i FHfide T

3.3.3(a) WEMNERERBEIHRL

A RARES T4 (2001) [TIREFGFBERENEZRBELBERE
MG AR FE e dhd Lk 3.3. 1 HPRITERFZHRE, £RE
¥ ok & & B # % 3t (Nonparametric Statistics) F #

25



Mann-Whitney-Wilcoxon #& &% » A AR TR ILARRATR B R
P BAEFTRENARE - RTHEREERER A 95%(BE K
£a=0.05) #FF#F p<a0. 05)RIIEL & £ % W(H @ Lk AR
BAERZEHE) A TP ERTAFAL LG RAARBTLELER
BEGTHBERR  CRARERZRFARAL G RELFERBZ
A B F - £ Mann - Whitney - Wilcoxon # & x4 & 1 75 B 3k P9 $1
L ERBAEBENGBRTFINALNAARF EKEAKXBH £
BN EE S RBANEIERGHFE DLBERFHEEF AR  REH
A X BRZEREERBITOMN  AABEREGRE B X R HHK
ERERELY HER BANBBREIAX HXBEFRANZS
Bz RYPh L WERE BITZHETENIBSN - oM KA
EXCEL & F+3H A R EXCEL VBA E &2 X #By &K » A¥EH AR
B MEFAFR GRS R BRI E D BEEAL T 5 RAR
POERREAE LG RER P CAZ IBERRRABZ SHER
B 921 EEENORUEZLEAFLBRERETRZXAS !
y =-0.4873x —0.0517Z +234.6 (3.9)

*9
y %K 2 R %% & (mn)
x 29K % %o 8% i (hr)

7 =63.944 +54.68B +0.4C + 6.5D +150.73E (3.10)
P EAHARF (%)
DA AN wRGEE i (%)
PERMINEE (m)
C HBERkE @M (ha)
CERPHEE (%)

RN

= O O =
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KRB DEXRG1D)ABANHENRAS OIS —RERALT R
BAERTZRARKX BRI EREZAHEHPATEZA T Bp
TRHBANZEREZ LG RERERE AR R BT -5
AT BB R BITTAR -

3.3.3(b) HE#BREREZEIE

LR R FEG 24 DRI RSB R a0
RAFH N BB AR ARG o 23 974 09 L IERE 05 1] ey 18
Ao XIREMBFILSHER  ERBEIRIKM > FEPATE LIBH
J7 % (Thixotropy)(Terzaghi et al., (1996) [38] ; Mitchell,
(1993) [37]) > s ARUEH A UL GHBRBREFLRE » (2
SR E (2002) [27 4R s A MR o5 P IRA 24549 » 35 S EBE RIS
ROy koI EUMBEF MY AEREE > KL RAER KM
EREBRYECBA LRI (2R M RIS E o) 138 €3 b %
A BBIERGHENEFHAEZRCARRE YL LEAH
EREHRBAHERRA -

WERFRBERERRIG EGEX > GRARERRHE2 B E4
o AREMIFTRGALE GEERE (2002) [27]) « FEpAME
AT EZEERERK R S E LA A B T4 0 RERE T o
MBERZEEE  RBGAEMENHIEEEARA B Y
Ao S EZRBHRD MABEANE - SHEEED BN ER £
—AWEHRAEREREIBE OOMERABARZEKEENH R
W2 RIS B —AENE MRS BERG > By Filio T
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£330 E% AR B TFHEERG aNEERBERL  ARE
Bz fre - REABRE o o Bk > WkSH T4 (2001) [7]
HEEEXRMMEA LA A BT oI ER  AEAATHE 3.3. 1(a) &
FRR& X BPAER 1999410 A 1 9T E 4B A ABER
ERBENE > AFREAOIRAAR T E5EHRERZL
AR B pthE Rk 3.8 AT o

LWEHBEAEREKREZIHENN RERBERS HRH
oh BEFHAREKE CERBEAN 15 ELE) 2RI vE
BB ey RAGIER BB EHEKRE Lo RAEANBEREAE
BF B K& fuik B (peak ground acceleration, PGA) sttt (3
PEAH (2002) [27])) M PGA 2 #ETh Y RA KA LD S &4 631
BEaHRERAEN AT BAEEERAIRARIBE R ER
amEAX (BEESE - 2000032]) & :

PGA = 0.02968 x "M (R + 0.1464 x ¢*¥81M)17348 (3.11)
£
PGA : ¥b ki Kjmik B (g)
R:InZEWR@zHsmESRE (kn)
M 3R

LR REAKXBEE XKWE (M=T7.3) %eH T HZ LR ERH
ARG DM THRFEE o KRB EZ B R R BARY > T4
A MR EMAETEE(RRERELLAL T < 2000[33]) -
INZERBZIREERRIGE  AAARERRALY RKERA
WEMAMIEZREAG KARARERIZEBEEHR TN A
Yo AEEEBTIASHE2EMER > FTHHEHSEHRKNE
REKBRZHMETCEHE O RAESE (B 3.3 A7) o HINET
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BEZEFE > AARAUINEEERCEL ERETR Z — ) K5 -
BRERAHRKE - |

WEHEKE L6 HRE L 23542 B0 ] R 6915 EAE T 2A

— 5P & B PR AT 0 LA T A4S
{t=0 , FiH=1
t—>w, F()=z0 (3.12)

KX (BI2D)HERATHESELH (1=0) BERFRKEAR
AL E—BEHEIE T 0 R 0 Sk R A K A
X MBHIREZEATAEN  FEPsLir R E MG T4 ES FAH
AN E o LR H BT A B R B EH AR EE L ERF (2002)
(2714 B S ARET B FO=" R c AR HE HEHE -
HEAR L= T EERABREREEELAXY TUT
i ST

Y=Y —axe™™™ xe” (3.13)
2P
Y REKEBRERE - FFX (3.9)
¢ EHABRESNRR (F)

PGA : bR\ K iR B (g)
a~b~c AFEHAY-

BB CERE (2002) [27]45 B AN EIG AB]  HWEHK=ZRL
BEREMETIN (& 3.9 A7) B (3.13) XTHEEZRESR
=R BN

Y' =Y —287.4xexp(0.978x PGA-1.302x1) (3.14)

o # 846 2 PGA=0. 295(g) -
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OB F (2002) [27]9F 48 B M BE =53 B L 6 AMERE
HhREHNEENERERAESE—feod (B 3.4) HL 284
THABEGESRERGERAREA THEL 2 H A E NS
FIEM U RIEZ 4,496 - A5 a3 o > BB R ML G LT
%o 81 FRTIREZE 4596 > £ 5 £HTHRIEE 969 -
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% 3.8 BERMEANAMAZRAZ LA A E Tk

BACER | 921 ATEHA A (%) 921 £ ¥ AR (%)
=N 14.43 19.58
BN 11.68 10.63
L 29.11 22.41
R -T-1% 33.14 30.31
RN 9.17 11.16
ERuAE 62.62 55.53
BT 14.45 18.04
95. 5K 16.18 37.03

W 5 7.95

e ¥ 0.06 15.62
): B2 3.44 14.39
¥ ES 0.47 1.33
¥ A 6.73 6.74
5 EAS 28.81 37.86
RN 3.11 8.59
R —RAG 3.96 5.42
R4 0.08 2.06
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EERY 30 Km BEEBENERE—RX
R mEEAW EEKn B8R BEAW ESKko @R WEAW  ESKn
FBHETE wws€4 %xw—muﬁpmzpis KF IR SR 17604
71(#!*7@7)%’ '“27012 23930 [26 HERETE 2476

N2635300

H #

X Witz ¥
| (235300 N2B05900)

| camARR
| R

N2575300

‘ EZ65300

B 3.3 MESEKEEZEHR I RGIEL

£3.9 EEMEANESBLIERBLESEH

W, 2 % A B B
RES) %4 A 288 1485 £H
MR | RESIE5 A28 128 @
RESI A8 A5 A I13~1485 | £®
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00 | TB WEREE LD ARS
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300 | —t=(). 83 yr
—t=0.6 yr

250 e t=0). 55 yT
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AR (hr)
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Wk B PG EZEREREANRZTHE BT RIFAHAE
ZEEBEARERLERERIE—FRZE EBR SRR - SHEEE
GRS RALEAFH IR EENARG EERERSLEE BT
BEGEEAR -ERAARTERTNEELEA SRR ERZEL
LB RFMHHINZE BERRK (3.13) P2 EhEabco
FRAREZ 1T BHRAEREN NGB RE BERBZ—RER
BA BB Z AR A SR AL AR R AR ERREUR
HEREREAAZII KX EFRLIEH LA S RN B
ZAEENNBPN (3.14) ¥ BT 5 &R ERZ B EBEREREN
R A BLERWK 31057 > £43.10 ¥ AR5 B4 921
MEREBERBRI FT A 30 8 A%k Br t=1.86 F -

3.3.3(c) WEALERBFLAFTHZIASE
REOQOFTAHI amzreizied  whd B AR AR
KR RFPRATRYEARE > EREIRLEAFL  AHK
ZHFHE TR - FEREANAARCRIBELEHERRET
AL RBELAFEH AP SAGLFR B BA L4 BRE A 0%
BRI MR RR BN RAMAE R L o A R 2 e sk
mARAE 3. 11 ATw o
3.3.3(d) HEHBENRERRZRE
AMREUARE 90 FHRZBERAZREZZHETRAEHGH X
MERCASERBRGFRESR INE VR TR L RE LM
 HEABARERZERERWB 3ORE 36T - AL A
TER—FPERELEEN GUALERABFAEAKERREZIT A RE
BAMARARARBALRASEBEREREZIRLET ML A3t EL R
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Wk 127 AARNERBZREB WX TRRESL A, ARESE
& RRIINEI I3 T WAL ERRNTES Pl
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#3.10 HE#BRERSEBEREREZ AKX

WRER | K5 5H-
. BMOK (% 587 R WERBEBRERRZ
WAER Kb 3B 8RO PGA | t # AR
ML) 2)
& 1% 7.3 | 5.76 |0.528|1.86| Y=-0.4873X+191.85
il 7.3 | 5.792 |0.527|1.86| Y=-0.4873X+191.89
L A% 7.3 | 6.145 |0.516|1.86| Y=-0.4873X+192. 34
B4 7.3 | 6.096 |0.518(1.86| Y=-0.4873X+192.28
B IS 7.3 | 5.692 | 0.53 |1.86| Y=-0.4873X+191.76
B A 7.3 | 5.634 [0.532|1.86| Y=-0.4873X+191.69
L &AG 7.3 | 5.541 |0.535]1.86| Y=-0.4873X+191.57
95. 5K 7.3 | 8.938 |0.442|1.86| Y=-0.4873X+195. 28
v 7.3 | 9.621 |0.427|1.86| Y=-0.4873X+195.87
2515 7.3 | 11.699 ]0.385|1.86( Y=-0.4873X+197. 44
B 5k 7.3 | 13.158 |0.359(1.86| Y=-0.4873X+198.37
A 7.3 | 13.695] 0.35 |1.86| Y=-0.4873X+198. 68
4. 7.3 | 14.152 |0.343|1.86| Y=-0.4873X+198. 93
EEAS 7.3 | 16.346 |0.311]1.86| Y=-0.4873X+200. 02
M 7.3 | 17.604 [0.295(1.86| Y=-0.4873X+200. 56
RE—AE| 7.3 | 18.89 | 0.28 |1.86| Y=-0.4873X+201. 07
RIH=FAE| 7.3 | 18.031 | 0.29 |1.86| Y=-0.4873X+200. 74

36




£3.11 ¥R EIGAEALATH

REBALEBR AR 4 8 B4 0 R
B X Bin =NIT 2001 &7 A 30 B 07:00
e ) 2001 &7 B 30 8| 06:30~ 07:30
B4R LA 2001 47 A 30 & 06:30~ 07:30
BAEXER ER A% 2001 47 B 30 8| 06:30~ 07:30
BAEXEIR B 4% 2001 47 A 30 8| 06:30~ 07:30
BA X EIR B2 2001 <=7 A 30 8| 06:30~ 07:30
B4 X ER L& 2001 47 A 30 8 06:00
BT LR 95. 5K 2001 %7 A 30 8 R H
BAEXEIR A 2001 %7 A 30 B 06:00
B X ER £ 515 2001 %7 B 30 B 08:00
ABAXER B A% - -
ABALEBR ¥ AN - -
BAXEIR ¥ A 2001 %7 R 30 B 07:00
RBAEXER FEASE(ET45) - -
B#AEER BN 2001 47 A 30 8| 06:30~ 07:30
BA X BR RiB—3%kAE (200147 A 30 8| 04:30~ 05:30
BA X LR R —5iE 2001 =7 R 30 8| 04:30~ 05:30
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£ 312 wERIBRBAAKEHREZIRLEG N

‘ BAELBRZAMEHRE 0 .
BARR  am) | KRGy | Do | A
ENY 153.94 144. 94 -5. 84
¥ B2 160. 31 145. 18 -9, 44
3 L A% 157. 53 144. 09 -8.53
2% 151. 63 143. 80 5. 17
BR UG 155. 51 143. 23 -7.90
2R 161. 45 143. 88 -10. 88
- 156. 39 74. 00 -52. 68
95. 5K 152. 25 102. 63 -32. 59
W 151.56 124.51 -17. 85
454 153. 74 345. 74 124. 88
B 5t 169. 56 (381. 68) 125.10 | kB4 L5H
EEX 173. 29 (383.98) 121.58 | kB4 LEH
A 172. 86 314. 04 81. 68
EEAE(EZE#H) | 153.33 (365.97) 138.68 | A B A LBH
¥ BA 158. 92 274. 57 72.77
RH— KA 172. 67 213. 52 23. 65
AR 150. 58 217. 60 44. 51
RIENTEFALRAAKEATE
£3.13 REBHWZTEREE
WEBHLE THEE St
Z£+10%84 9 &A% 5
A7 +10% » 4£120%24 P9 1£ 2
A#120% 0 ££+30% 28 9 G 2
AH130% » ££150% LA P9 AEXRE 4
AFH0% 4 b ri&HE 1
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3.3.4 #EXBERERRZEH

LB RBELRZIERBS AL LB R K TR AU RHEE
WP E N A REZE P CABREHRER  BEFARZK
W XRAFAMINZETERTRARE T LG RBE LR
AE - MEZBARERE AW BEASKEKRENESH  F34E
BEHERHBEAKRERES FHEKNTAE L4 §BIAE
TEAEE X ERERNREE  IREBHIEHAHRR - AFRER
PRI EBREREABEZ I REARE T AR ZE - REP
ERR XA M ARBN ARHE ELAZE BATOA KRG RILF A %R
HBE T FmB AT LGN EARE WA TRETHREME
th IR EF YRR -

BN LA ARBRRERREN A ARLAESIREY
MEM  HEARGEREFRAXERRE  FERETEERE L
BHABHERE - KM BATASMAREREREAHRE > FRXE
A SR o AR T G A BB R A B R
hoib Ak L T IRMME o

ARBREGAAOBEABREN LEFATRTALGRGFAR
o mfE 3.7 A XERALIGRBEAMEME 10% B A
ﬁ@%%@’aﬁiﬁ25&%2%&?&%%@%&1%&%&%
b B AEREHTREEALERA 1090 SRR/ EEH
BEXBRERAEAZEABEE AR T REGEAREABRFRZTAE
MEL (wH 3.8) AAKRERL LG —BERAHFAAAN LS
REABERETHR HNFLARGERRABRGT 8 - 20
AR RITEME X RERR T ENT &8 PFHLZ -
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3.3.4(a) MEXEBERAERLE 2 BE

ARARBITEZREXERERRZAT AR B AT = EEE

-~ &K

RERABZ AU TARBEPEGEERBL S5 RBL -
ST AN ER B TBRTEOWITR R R G 3K IE R
MABRECEGER S8 LRI RRETIER 24 E TR TR
B2 R R 2 547 0 SRR R R B & o

= BMBRRZ AR P R T F)

BRRERRKRARAERRBAE LB ARSRAHZ SR BHL
LER-BRAA BRI LEE I DA E R RG24 gy
RERRAAR AEE -G RRERERUNEHE L Lt
ERTEHIETHARA L G2 BB -

ZREKIBIERLAR  AREA

BRI MBEERE  F—2BET  ARERAERA 61
HERERR - URABO LB ABABBZ— iR E - Bk
ﬁ%%ﬂ%%ﬁﬁ’%ﬁﬁ%ﬁﬁﬁﬁ%mﬁ%mﬁ’%%%ﬁﬁﬁ
B bR R g -
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3.3.4(b) B RERBAZIBMS

FEAEENFABERETGBEZESL TRAREZILEE R
BAZHREBS D ?RAATIRETITRHEREZHSHEHL - H
BBz HBEBRIINFTHR=Z4 FPRBEEFHTETH AT ED
ESREHEARBZIEY (WwE 3.9 - EmBEaH T, MEE
B HAEBRAR ISR CREFRFIERERRIETLEE N
ZHORBEA L RPRBFAELERZRG IR WHFERERL
UNTEHRELBROMEAT  RHREMLETY o MABERF
MEALEFRLEIBR  UBRBRHRBRRABGIZIBEHELE
(2@ 3.9C1)) §ARBEBRRUAGKRIHHRIERS - & RE
ERERLEAH BN BB EMAKLABRY L AR EY
B (B 3.9(I)) ER R HEFR S HERELTLES -
HR¥ AHFEHAREAHEMASHEREE (WwE 3.9(I))
BpamaERIRR > afMakizaxs (B 3.1057)  sbrf
EBAoHR L EERASHER B aEr M REBEN F
- EaRERAMEBIAZENTH BRERSEHTLSH £
BRERSHZAARE S HARKBETIRR - BB ATHlF X RIF4
HXBERERELETEAB S W(IDYZALRBRZE AF AR
AYEBHEIBRZRGEAHZITR MWBRAREL LG RRGA
BHZER -BREA-BRABANMEZERALEAGUATZERAH
AEXLARTGHERAL BLTHRBALEARAT  HELHERR
RELIGHRAOBRELAT REABEU L R2RARELLG R
HBRAL  HRERMERBBL MBI ZIBESRLELER - §4AE
AR BRBHR2ZM AL B RARBEREBIES I o Lo B
X anXaE -
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LEASREABRzMEA —#FEHRAZCH (B 3. 11(1)) &
e 3B AB X RMET— B2 A L M E > TUA CKFB
MARIHEZIHBETILRET  wH S II(I)FHEERRK - &
MABRIHEZEBMAV RCRAMBBESRMMEMAA VI (FH4IN
e ) CRAMEMEBAEELLAFRERA VWV - CHEAETHF
(BrA%) & rradeBaAaAE(=0) L L RBEAL
Fo ABRAFIREZERBF -FIE  FCRBEINEER(FFBLR)
B AT ARSI BHEIARMESNGEANV=Y) B4 L RS
BEFHETHZE wb—RATHE B AL BB ELLE R
mHZ M EAME -
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(1) (I) (1I)

B 3.9 mEan Mo hz MY (BYE_4%)

B3 10 aHrA R ~E8 (WARLEE)

B 3.1l #HEL B RBARETER
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3.3.4(c) ¥Ry HER

BRSO ZRBas PLEERELARREERGEHRES =
BEEIH MAETHMENSHAZRZEBRAIEH BRIP4 T8
BAMIMAY  RENHZAERE (B3 127F) —4FES
HIEHN BT

RGBS (xy) XIBEORFERIHRA

_ 1 . _ 1 | X“‘/.lx 2 _ x—-:ux y_’uy y_'uy 2
f(x,y)—:zmxay\[lfp—2 exp{ 20 %) [( -, ) —2p( >, X s )+ ( s )1}
(3.15)

HP_w<x<o; —o<y<wo » B X ZFHME L 0y ZFHMHEu, 0 X

zRBREEc YyZRRELE F xRy MG E HRHR, >0

G,>0 7 —o<p <o —o<u <ofi-l<p <IBFH A (x°y) &

— 4% B 4 (Bivariate Normal Distribution) (4B 3. 12 Ff~ )
—HF AR RR AT

l1-f(x°y) >0 HAA -wo<x<o ? —o<y<w

2 [ [ fxydsdy =1

3.2 (X>V) AoMERIH > B X RYHHHB—HEE B X
~N (g 0,0 YN Cayp o)) s

3.3.4(d) EHHFRL

B2 BRI RAME xS P En R0 M2 £,
B D ARABUBRELABRMAREE TR H - FUFHHALE
BRAEUREELEMETHR BB z M R RS
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(standard score) - E{THRAIMEMIZ RN 22 B

_ITA (3.16)
O

ok HRESGEREEGBMAETYH—ERELZERNA
¢4 % 68.26%mEmAlE; EETPHENERELREANNETTE
05. 459 e ¥ alE © BE B AR ELEEANA LA 99.73%4
Al (kB 3. 1347 ) AMEHALZ BREFFEREREZ
MR THAEMATHIELRBRITR - AR HE TR

Bty z=-3 AL TR -
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3.3.4(e) LB ABLEBERERIBRERZIH

FEB A MRS 1T R AERAT  WERBR 70 £~87 FH
MERABZEHEREEH  BREET 0 BEEARLELERZ
BAGER - A 3.3.200)H PRASICRGZI Tk BIFEALD
R L 52 EEHEBURKREE LB RMGE L0 BEHE - BX
L EABERARBARFGERSC_GFTRIALET NG BT AL
BARRGRABELIERARGABLPHERBRRLZ AT ARE
LB RERBRIMEZ AR HEARURBERERRS T8
TR TRAGL ALEZERBSL ol 3. 14 &&MmAT - 24
MEEZITEARBEEERERR C BEMEARFZRELS
FMBZ N EARBEG —ARNRERERKUTET R AR
ZH HEBRPLBAERBALERARGABZ PFHEREREEL
MEBEZIEREAKR AL Chzi (B 3. 15 & &3/ i) R
BRI A CHRELRBAZME - H — R REEFRIE TR U
LEELRBGZM ABBZHALBRABERERRE CRZH(w
B 3.16 E&34) stEBEFLACARTA LG RARGEMNZT
MERAZRREE  MEMEZREREREATHE (W 3.16 &2&
M) RabZHARRARFETACHI I RBLEMSE -
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3.14 MAARIHEIARH

B 3.15 c R REEFRFMEE AT

3.16 c RAEREERERKUEL
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AARAEGTHH I REFEZBERTAEZI LR F Lt
3.3.3 @2 (3.9) £ (3.10) 446 > RIMEATERERE Y
XA

y=-04873x+b (3.17)
Edo K (3.17) 28I Lo FAHAT -
b=-0.0517Z +234.6 (3. 18)

HEMBARERZAX - HXBFRERBAZLZHAAK
(3.18) P T R B MEMKAE R XM EAMEBRERGEF 224
B ABE AR ZBETY A RURLTFOFEATEARERE B %
RIRAEERERGIBIE  LEFL PR DEAZIBIE - GELRRY
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B E A FER G —RIFHEFOER ) RIBRBERKIBE -
BEFERRHA LG R ZHGAEABEELRFE/ -

A—H @ FARRLELBEM T ARKE PHEFEME (Electrical
Conductivity) 2 T @ #H L 6 A KBBRAA T8 > RBATAARIE L
TARMUFRERAR  ZEBRIRBBTReE LA GESE > #£47
EC LAt 5 AR L& HE —F BEFRZIRT -

AEAREENAHADIBEG B TRZE —F A A A8
R EBFETLEERAIREAHE HAEEX -BRAHLoABE ALY
BELFZFAMRF i RALEAHRALE B ZHEAH -
FERZBIURZRBZ L 2RE  MP O TR U TR LR BT
WAL BEERME—RE S RE EAFLFTUEAARZILER
MR -



FoF AAME

2-1 ez amgeEK
2-1-1 ez R HRMBH

+ % #(Debris flow) 75 % £ G K84 — 3 » BB SASM »
WHRERDTHREBHZ IS R T - TR AL EH L2 AR
BE ZRARHZILIDRRANARREGABLZRERSEER - 52
ME > LBRRRE - BRREGEEBMEARKZLOY &
NEREMEAZRERASL -

ML B R L B BB FEETBIENON[T] H#E
28 hE RN EREH Varnes (1958) - Takahashi (1977) -
P R(1977) ~ M EE4(1979) - £ 2835 (1980) ~ KB 4 15(1980) »
&% f5(1983) ~ Johnson (1984) ~ \L o 47 4% % (1985)  #t i 5(1998)%
¥ e T BE

a. BHEKE FHALAREE  RRBE - BELEATTHE
GREKR VA TRRF - LB AL SIS RERE
BEEBEEERRBARBRIIBAERZCATAHEL

b LBR—BEMEHY  FEERRRKBRTHREZLEER
TEZE BREBIBRBYABARERORIBE  BHERR
%ﬁ%ﬁ?o%ﬁmaxm%%Aﬁ60%~70%é%@
B TR ZR SR ITRE > f— b T &M R — M
RoBERERER_REBN -

c. Al LA E A U — F 23k BN RiE(channel )R T » Bk



FE L B R BB K o B 2-1 PR o

R EBRARKE 0 BESKER 0 EANRIL RS
RS ANE BUAB AR ARELE  BARAE
ZHTBRGTHEERX VARE L FHHILE LT i
2L  RUNEHEIBZHERATRE - 2 KEFSRIKE
Z B -

A BRBANBRBOERAN  RBIPREMHEI  LLRZ
BABKEA 15 ~22"2 0 REERIL 6 ~15" 2
EWMBEIN CATRALERZERE - HEZZRN 40
"o RIERZHEMMAI S AU FEH AR RXBENER 0 THFH
MEBHER - HEBHRZEE RS R EEIERKE
B Mo B 2-2 AR o

L ARz AR R G E SR KRASTR ARG SHIEER
WY R sFAEARGEPHRL  FABRELR
R BT @K 0 AR R ER T R 0 LI
AR RER T HUTF ; EATHIF L LIS MAF AL BT - 1R 43T
SEREMMES  MERANAM 0 /R T HBNFEE
AE o HELEREERREEEKMENE » B 2-3 Aiwr -

BRSNS ERG O ERAETHSE RREETHRE TR
BT s o BARERIE  FEHURBHGTHE
A B 2-4(a) ~ 2-4D)FR » L BB EATR ISR L
ZRAMEHET) > T E 2B kT AEAH T GRAK
45° % f » 4o B 2-4(c)FFo® °



2-1 X4 mR A gL & ok FR Bk KN LA R 44 (Johnson, 1984)[33]

KA #* = +£ £ = £ £ +
-2 5 & P = 2 & 2 =
& B K " O WOIR R
= AA e 5 M # ak Ak
pz2 2 E E E = =
& 27
1 5

2-2 ERZBERTREEAZ X B X ER - EFFE, 1998[27])



2-3 BRI EZ 4@ E[24)

—-—- 1EERRYZIEEUFE
— TERERWZREY

RTH@E

2-4 X B MM IR AR BETI(HEE 4, 1990[22])



2-1-2 LB RBAEMRK

M7 LB R AR > FIBRAAF Ko T 5 9505 LA ~ B
RIEEREE T BM— AN -

Well (1987) [ & 7] R ASH L NERAHRBERABRZHER £
REBERAAERLIERBFANEIRZRAZ— LA SR @B K LB
BZABMMEBNERR T AWRFEKRRE - EZTHRRE > AN
B BBARAERR FLEBPZIBRAKREA  EAERA BRI
BELBARBEATRAS  BREFA A BARLEARAZTH
']‘i o

Baldwin 11 (1987)[# 8 7% £ 6 A#E - €982 A LA
FEER 0 ko Bl 2-5 PO o

a. BAMEK LREHEGFSY ML CHELEZIRIAGEAEAL
A EEER 0 o B 2-5(a) ;

b BAINZ LR AREITH » L3RR BFAK > 0467 B
% > 4o 2-5(b)FF o |

c. RALEA  LRETHAE > B 2-5(c) ;

d. HEaEhR(EARAER) AHEARZEREHLILR Lo
2-5(d) ;

e. EHH W 2-5() -

% #51%, Tamotsu Takahashi (1991)[41]54 & 2K £ G 35 2 s 3 2R 30,
A= RBEEZRRARE > & 2-6 AT - B 2-6(a) > HHRA S
BAMK HRE > BARARMIZEBERERBLBARRERNBARE -
BRZIREBERARTAGARZI I SR EARALFE TR



BIRZAE Bl 2-6b) HRAEABRSZBENBRERNE 2-6(a)
WL SR KA ko b A K Z BN B B AT 0 R B EE R KALEF 0 4
BRARFE - ANEHTLRAT 200 MR AERI - SRR
rERAAREEHER > RERKZBRAGTRE  BEURABLEH - B
2-6(c) * M BANEF S EARBEFPLITHG > BARGUE
TREHMESE AR -ARFRIOER EHIRENE RS
BERF R S KA B LB R -

Bl 2-5 + % A % 2 4% 4 i@ £2(Baldwin 11, 1987)



B 2-6 KA LGz =R X(H15 4% Takahashi, 1991)

22 BAHEERABAZY

TERBEAERBT BIRBIABAREN LR ELENTE K
B8 Takahashi (1991)F A R AR LB FHARRA=ZHAR LB RE L
A B P —HEITHIEFHOLEN DL B3R E AR FE
MBHB A AS RASBREELSRNRE MELRARY
BA - LB mBRESRBAMTAE BRALBOREL > AT
F(piping)M R % - Bk § AL DI HIR > MEHIBARAK
HArmERE > LAABLMEL -

BAAT AHR BRI RE BHORIAAR > MW

2-2-1 & & # 4t (Line of Seepage)

— B RRARZ MR RLESH LFU— RIS BELE
248 % #0458 #E % #(Steady state Seepage) » R 27K BT REE



g— R RALF2BAPEI LHETHOERET KdR
% % m 4 (Line of Seepage, LOS) » A3 E BN EEZMH] - MK
BHARMG T EHAIRS G154 B #A £ Rigorous Analytical
Solution) ~ if 4% 7% (Approximate Solution) ~ 14 % #7 7% (Numerical
Analytical Method) ~ #2 %! 3 8 75 (Modeling Test Method) ~ Fv H 4 .35
A Bk (Fragment Method) ~ £ 3t 3% #if(Relaxation Technique)® % -
T RIARAT AR SRR R RATH R

2-2-1-1 A# ik

%ﬁ" B2 RG M KkA Dupuit BEMGHERE > HEHE
2-7 pro o B4R A (3] A Kashef(1987)[35]) -

a MEHBRAGEBZEARLE  BRAKFI=EH -
b. A& ®HBMKE LKW F 1— °

Ex=0y=08F  ETUFIRHERGEFTELR

__ b
7= 2x
ox=- R 2-1)
2q
y ¢
T
H —
q
00 X -
D

2-7 Dupuit Assumption Z 4& #5
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Kashef £ 1965 BF » ST #H4ETHF L AR — T4 B AZ 69 B 25 7 K
2 0 $R A K G ~ JB A KA AL T @ ) RS R B T 4 8
RS ReE B 2-8 A2 EMIE o

AR @ A=D, D, ~Z[(D, ~h)D1=3 D] +2h, D, (2-2)

&ﬁ*ﬁ@ﬁAfé@Df%Qz (2-3)

@ﬁ*ﬁ@ﬁAﬁ%—%z%%Qe%ﬁ (2-4)

Kashef(1965)42 4 A,=P, = _32.h,u D, —-é—sz -(%—%-sinz 5) (2-5)
D _—h

hx =h, + (—D—"i)"yz (2'6)

X

R D AR EBRANL O XERZEH2 B2 GE HKE -
B R AR 1A R AR Y s o B 2-8(a) ©

I, =%=sin5 (2-7)
i =i -cosd=sind-cosd 2-8

gx g

i, =i,-siné =sin’§ (2-9)

#£ Dupuit Assumption H® TR 52 AL LAy EHRE N
¥R ABREE—BRRAAKRFEHRY B EKEE AlE—
Bam'S A998 MAKEE—FHEGRAKERS - AR IES
= B RS E B4R/ 0 F A Dupuit Assumption &:%4% F » 4k
A& 3 Dupuit Assumption 2 38 F £ K 786 AR - BIR BRI AR
ZTF o 2K — A4 KA Dupuit Assumption 852 5 K 89 $ 3525 2 %
f Dy &91& * &R 7 46 /& 5t Dupuit Assumption Z 32 °
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5 ,
y : tal iy v, 2 Kiy,
! - v = Ki,
v, * Kiv \
o Ground syrface | Free susiace

A E 0 Undasxmud water table

o - — ]~ o7 e o Pl St o et R omso S S i onf i

0 1
pn B\ ok .
LA \\ ! »
’ > d {1{; g
ehs o ¢ 5’1 LL‘ % » Senpervious bountay

L2 R E ﬂ wfy - V2 L Zdd

& 2-8 Kashef 44 £ Dupuit Assumptlon SR *} RR B Eh Bk
3~ BRAKBH W - (R K2 F ~ (b)x FEAE cc’ B @ 6948
KBS HE ~ (Ox BEEE cC BT BB A KBESHE ~ (d)x=0 >
& DD’ 7 & 48 5K 58 4 (Kashef, 1987)

# & Dy > & Polubarinova-kochina(1962)[43]4% & :

D,= Jo.ss%:o.m% (2-10)

# Kashef WB H KA BHERFEHERSGBRBZ IS !
D, . h_*(__24 |_|_* ]
h, \FB(I 7.27k-B)_\/7 B(l J (2-11)

AL FEREIGE S ARG ME > ko Para’ ~ Verma ~ Loiselle #

Pinzriu(1984)[42] » #| A 2-D FEM(Finite Element Method)#2 X A7 % #7

123 LIFP KB BALIHNAERGKBRITRETRE  BAFE
Baek o AR BRTLGFR/TEIN -

n




HRAN(1994)[6] > S+ HBEHIF R BIF AR E ¢y F K, Ki1F 208
AP ORER  RERTERBIRIBREKAM LB AR E
2-9 PR o H LKA Z AL BB T M KALAT A Z By AE Ao AL B 2 L
BRENKREHFR TR B/ REERBRAGLFROLZS
RN EBRRBMEAFLERL T

_ &V K tana
6H’ -tan’ f-q* -0y,

(2-12)

0

- Ve AR
g EAMRE
Ve CHRNFBAKZEME
h " HARBEREKRSD)
H Bk
q ‘rERERAEBEMBRMEAZE
w CEFREREKE
Ye - EHHRENHLE
a G EEHEBZAA
D AIFTHZAA

HARZBEATUAGIFARASZRATAYE  REANYE R
AEBEEALRASLERAHK)BRAKF S ALEMAHK) GFEE
MEZAFSRKEORKNLEMET )y, P TTRFR LA OTHEBR
BMEV,
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aH

1
Aot ¥

2-9 B LIFZ B LR, 1994)

750 R A (1994) X 24 4 1% 3 F) & IE 44 4 (Variable Coefficient
Confocal Parabola) K & %24k > &4 iE Kozeny(1931)[37]F) &£ 3E4#
MR Z RS IE T ik B AE Kozeny B EEWMME F R X M w $ abo
TRESCEMYR IR LT

2 2
Y-y, al-x)y )
s - (2-13)

x=

HJ a~b ! BAEGEEEIEWMY G Z A
X~y " AFXEL

Vo B RGEEBIEEMM R LR EG ek

AELATAAG S U ATRAE KLY ZHE L AEANYE
FEIG et L3 -
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2-2-1-2 BY X%
BT A AR B2 BT AT A R R R R Rk

l@ﬂW”ﬁﬂﬁﬁ%gi$WZ%@ﬁ%WﬁW%W%ﬂ%zﬁ
ks 4o 18] 2-10 Ao 0 234 % 28cm » K K 108cm ¥WE35cm:
ETRE 0cm R&RALERABIRRAETER AGKET K]
FBREZBRENEE- fa 22 Bhz ERHAMR N Bl R,
% BT A A% o KA (1994)48 B T g Keer A RERZ IR K
b RERE@BEZERAKEANLFSREH A

Jumikis(1962)[34] B AE B BB L 24k > BAATAZARE
Rk 1352 Bk - AR+ A 188cm x 15¢cm x 6lem 4o @ 2-11
fr o Jumikis 35 3 ¢ B g £ R R BT B KB REECT > BL
A KEIERE 2R RIEFE A A KE

Tschebotarioff(1973)[44] 2 4 & SRR K 40 B 2-12 Fror > AR
# 150cm x 20cm x 60cm ° LA A fR) AE 3k 5B E B ORI AV MR P X KA
8% KRR R FLRER -

Alam Singh(1975)[28]ﬁ%’?i%ﬁ%ﬁ?]{ﬁ&uE 2-13 o ERT A
120cmx 60cm X 15cm o 3REE A & G meET » £ B OENMEL
WRBERD EHRBREHEMNINBRE - ARG LM RARE
Bl K A 0 BAIEABR A ey KRGS )R RAFE S KA
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Jain ~ Holly ~ and Lee (1988)[32] #1 A % L3R 54k A5 T B A%t

Z AP KIEIE DB R A BATHEA R > ] 2-14 Ao B AR

AR AR BEER AT A AR 3B E B4 R B KA 8

Koo IBEHARM 0 RAHAZFRER > HETUE 0.33mm - {2

REBBREZHBENARBEMBRE FEIELGRHIRAZIZARE
Bl SREBR -

AR ~ BRBE(1990)2015 % fE T LFA R4 MR > PR
A AKEBEELE 2-15 Aim > HEHBRTA 250cm x 50cm X
55cm 0 REREH K K 200cm ~ B 50cm ~ 3 36 cm > HFRKR A b
RARRBERIE -

H A1) R LIF X & BB RE » BB R ABE BIERMR
BoRRETBANXGEMAN > BHEREAEHR - wH 2-16 AT
A R~} & 300cm x 88.5cm x 88.5cm o AP f® KK E G EALE
HEAAARMEBABYNFEFRERRKTRSFEFERELEZRA
K> LEBERRBBAGER EBEMY R TT > RRBAFHRS
B o

SLER ~ REHQOODSIAERMSAEZEARER  BERELR
BHABE Y GEIFERATRA B AKE L3S FAP KM ey L3R Ak
K - BBERFLEAARSK (ART A 100cm x 30cm x 30cm
o[ 2-17) 4% > FEBERKABE - RHEBRE  RRFHEHERE
BoX o RERERAY B RIS ZIBERKAHEE S 0288 @
CYERFRZERSRADRNAOR IS RITE -
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2-14 B RHZABRRE > BLBEART ALY
(# 8 H.R Cedergren, (1988)3] & [32])
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2-16 ok 5% 4y 2 R B KA S KA P B AR (O 7R A, 1994)
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2-2-2 &3

— & 42 \*ﬁ' zﬁ(Plpmg)BB} jiiﬁ \*ﬁ'zﬁﬁ%i%ﬁi%i@
A AR 0 4w Lefebvre % A(1981)[38] - 12 & H#WH A2 RATE R
EREIR O RRSEARKFFT R —RASHOEA T LR —4 - A7

B3 R FABS Rk R R R %ﬁf&—%’maﬁimﬁmﬁ

Moo Vi BEERKANBE » — O RERI, =— ° HNAKFEB

BEBREMRAORMAESHKIERY M T ERAKTEHEYNIRA
F ot & & {Z4k(internal erosion)#§ & &8 » F R A KT &M N3 B 55
A i#fR(external erosion) &, i 3% R & € -

2-3 BEBEBIBRE G &

MBI L B HH T B EBET R FEAMIRARG LI AR K
2 BHRBETHRETRE - ARGAHREER EXNREIET

M BB TERARLEL LA BRSO ER > B R ERIT
FRRRFLEALZRTREFARMZERTHEE  EREREHH
EREATHART  EXHNTROEERFHMTRARATY
M LR T ARG E RGBS ME TR ETAZETTR AT AR
EHRFEZRNERGR T LERTREAGIE P A SR 448 F
Z 4 RAAERATREZMMEL ZIBE IR ATIARAT LI R
A—S5XREFENTHR L VB I REAF R H—ROARS
AR A E B BRRAET - G5 —REREEZHNE
BEEH T XA T H =4 -
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2-3-1 HMRik

Zeller $& Wullimann(1957)[45] % T 443t 3% + Goschenenalp 3 # 2
HhkE REFRABARBERZRA BAAERARER L2
PR RIR > MALEFRZRAREHAILE R FTERT— 472 = 843X
B AR ILEE - BEARARAZE L HILE > 4o B 2-18 T o
12 B8 Fo il IR A RIS ML R > Bp 7] & o o0 £ 09 F X IBAT b4
)3‘{ °

BIRLS2(1990)[26] A H Po vk 4T R A A W B R I5 BB A8 B 2
RERRESKE  WHHZEERREZ &R ABERAEEE - &R%
ERT UG5 v (KN4 M RBBAMERE ARG
Z ¥ a3 ho s FWirtatadt (h#4) mE 0 B RABEGMAGELE o

2-3-2 ‘FiT8RELE

sbik X 4% B2 45 Rk - A Lowe(1964)[39]4 & # %3t 6 PIk &
BRATR N 8 ik o &R AR BRI ATE A MR R KRAZ A 12 e
B TBITENRE > 7RG OHH—E4E D 18- BESHRR  #
NG BIG PR I RAR - RIS - B AT ) 0 B 2-19 PR
o fE AL A E R AN TRBE R X % R R K
NRE] R A G AL IR o AR KR B A T 043 B
BAWBE T DB (HGEEC~ RABCy) EREA 4
Bl e R Mt B ERk LIER gL TR
MEHER—H MBE AR im MeEFRABEGEHEEFR
haBAg e

B R E(1986)[2] % @M T Sb 2 4o LB L BATHER » 3B 4T
BREFEEAHATAMBBEBRZF X BITZ B FRBEAKRR -
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BRAONDMN A THRBREERBEZ A LITE > #0it#
AR RIRG B RERRMK  BITEART 7135 B amsy
KA FATRE - LRBRERB A RN BB ARBR BRIER S
RE % B AL AT 89 3% o 0 38 Ao o

2-3-3 5 FEHKRE

George(1963)[31]32 & 335 4 SRR KL AR /N7 0.25 AN JE (4 #40 ~
#100)8F » HNWBBRREB I HESNFRROBE - B TR
RGH PR BRI E A0 B X Bk A B4 L4
BRGAARE - AN WIAE G FRGHMREGRE — R+ LBk
ZEE UMBRAEZEZIAURTZ @B T URK - &o@ 2-20
P 5

75 SR E(1993)[19]1 4 T 2k RABLR R B -1 $1 IR, 3b KL AE -
A RE THRXFEESRE - WERBRBRE S A AU —
AR o 288 BRLRE R BATH M ABBRM KB SR
BATHMN > REHE DGR 40 KGR SEML UL THHR
BATHRREHE I INREF X - B 221 FrATZRER -
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2-4 T RKEFEZBRA

HHEGHAAR  EELERABLZAR - RAFLARALE R
ZEE O AR LI ABLABE AT BREHIEHE  ERHR
Bl E LA T W F k2 E & & (Electrical Conductivity) & 3458438 B X
— o HAREEGATIEL > TARFEALAN  HEBIRRA®T K
£ LAY M ECALA ) REBMAFE  RABRABTARZ
EC#taiALABAETEARY -

FARH(1998)[46)4 B AM B M R BT RMGIT KRER > &
BEWEEERE  RRUTAMLE LA MRBT R KK
8 F(HCO5) ~ fdETF(Cl)AREETNa)EHF EC(EFR)EARS -
#(5.09~5.13 ms/cm) ; AR > BALTRY ECREME RA

RE A MBRR o
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F=F MREFE

AAREUAGHZHEY A5 FRABRHEX L 5E T > #
TEREBRARR TR2H4HBN - CHFAEAHTBA L RELEE
RM—FR c AT ZRART % RATHRAFE P EHHBRLE X F
Wl Z RN BEBET HAETBRHEMEREI AL ERRGZE
B BEATRTREZAGLRMEE AR LASHTRZIPE
FREITZEH  AEEE 4B EEEAZE -

3-1 FRAR

HERESAERKRI Y Wl 3-1 A7 —mah o2k d
B BERESRABEL R -

AREEIR Sy  EAREREUR LG AR A2 225 BEBAW
TR BE M A A HMBE S EL R AREZRATF HHhLE
REEDER T AAEREEZIHELIH B RAESFETIXE
R o

ARERMAIES L4 0 LBTRMBARYIERE BT R
2 HAAEH BR BEIBFERBRALIEMBAKEL L UG RAM
ek - BROFZERRBAFARA - UWEBARIBEmAEZLE
¥ -SEESIbzEREE -

BB pHN R ETHREREAERBE RS —ELS RELR
PR o
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BléE R AR AR S AEEH R FETBR £ ATRA ]
BRI — R HIR AR T AT 2 B B RARASUEE T RABHE
MESHEF - RABIGEETA RS > BbEERMEER L
BRI E FA -

3-4-2 Bfithz %t

BREAGROGEE Y BEE =R B 3-21
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oo BRIAMAEE—KH KBEAFREZRE Ko HK
0o —RW FEFEHEAPA TUARAEHBSRES  FER
NIRRT A 0 RBILARA B R AR B IEMS -

Sﬁ‘\

A A B AR R A ¥ ARG B FRATIRA
R R — R A AEAARME A EZESEE - B
B A MBI BAEASENEEMLER — TR MA &
Eb A5 B 4% % 1 SA T A AR R IEH] ¢
a.  RATAE
b. EgHia
c. Eyhra

WA E M T AL E ST A RIES A0 B A LS 4L
HHoLBEERINBORBIERRKAREN MRE  BEXEHEMEE
o F AT ESHAUETE E

BRI AZRERGEZERLEVERF REREHKRE
Aot RALBEABAREFLTA

f(tan¢sna Osats Os» tOW:g’Dmax,qsh) (3'29)
¥
O=FM Az HEBIEA, g=EFNMmRE,
n= Lt ZIKEE, Do = 23R FAM Z K KRLIE,
O sat™ é@f”ig{iﬁ’fﬂ.é, q= -n?"ﬁl %}gz‘/‘m'ﬁ,
o= LERBRZER, h=7K#E%5,

Ow=KZEE °
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AR RER AT T

tan ¢ n D sat Os Ow g Drax q h
M| 0| 0 1 1 1 0| 0| 0| 0
Llol|l o | 3]|3]|-3]1 1 2 1
T o|lo| o] o | o0/ |2]01]-1]0
#] A Buckingham 7 Method F 3 7 # 4%
7, = tang (3-30)
m,=n (3-31)
T (3-32)
Py
7 =t (3-33)
P
7ty = (3-34)
Jor
HBTHEFTEHRAER A EER > ABEA 2 r HLBAR
Mz rBRDME - Reb T %2 F 7486044 ¢
(tang), = (tang), (3-35)
(n), = (), (3-36)
()12
Pu)w \Pu),
(psj :(&) (3-38)
Pulw \Pu),
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&:ﬂ:b:?l

SH# A LB F #4733

1.

HG-35)A T » BARBRZFEERA O LIERRZFH
RAERRA PR > AHMHEFHE -

B(3-36) X T 4o » HARER 2 FUIE F LRI H AR Z ILIR
iR b /AMHEFHE -

BG3NK T4 S BLERLYERTFAK  mATER
THEEBEMEY  EXRBFZBERK > BTR LM
]’aj °

BWG-38) X T4 » A LB EE - LIBAARMIGE -
RAMTRZ L4 SARFELIBRAOBBYERER
0 Bl ok 23R X SRR B T LAIE AR R o
BHE3NK T BEMAEARE q AFHE L BB 4L HFF
—REZNBERNTF HRE AR ARG KEA  EIFRE
¥hoo AR BAKABEGRS  MERLBZREE A
PAR R S Z AR AL KSR & B h B3 o

& F L L(I9D[10]/7 3% RBHEE - FEAR RS
Dinax ZPEAELBARAR 5 ARAEZIBABRT A 100cm X
30cm x 30cm: M KB & AKAE & 38.1 mm> Hib{E 2 7.87
PA BA ROBE 25 JE ) YRR VT BAJRAR A R T A K -
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3-43 ERERATHRZ R

LABREREEM EEEFE 2B TRAMRK L) — 18345
B BMEFAREEPDELEATRELF R E— S HEAHMIEL R
BE_FEAMAFRRY 2-4 8§ FAR%(1998) £BAMERRERITE
Mo TARER > BREMFLERE  WTARFEC &S > A
BRIEEBHR AT R IHLINBRABE Pl BER
BoeRALBUNAROTE - SRARMALBRLMGET &
g EC %% -

AREAZFEB LIS ERH O 10 A0 SR L4 H — 18
KNy 1 Fod eIl —RIAANTEES ) —MEE—SXKEM (08
3-21) (RB £ 3-5 sfd) RRRNE—F& - EETRETY > &
SKRAMEGFERREKRE S A HERARBARE-_RKEER
S ERMEAHABECH S ARYd A ST M EES Data Logger &
HREEEHAERNIBELAYILZ ECH
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W 17-¢ &

[el & figt iz
BT BUEEY R
BUERESE  Eraww
\
X
\ N BT L
o¥E___ Y ©) N
T 0 O = O ﬂu< O =
LD
DV?,F O O O i
Mo %LMU
EUOM
Y EEBRVE
- w001 >
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3-5 RBERLHERE
3-5-1 RBEXRE

BTBBRERRIZANBE  LHEET  LRARZFHER
EC{i > AbAETRERZIILER > LEAFREATIIHA:

a. KA :

AERAEAKBTERRSE  HEHEEHANSE AR E
RAEE - RBEKBATROBF  KBIZEAFAELRGLEB RSN S
30 cm e ATEASLIEAE RN RE M MK EE -

TRARAGE KA LT RAGBRBAGBFTLAEZS A
3B B Z K EERKS
smhE D =2
#AERAE 1 115V, 50/60 Hz
BRAHE T 28W
’AAE 12 I/min
RA&#E: 1.8m
FIA JUKEERKIGBIBE KR B KB RIR T A —EH K
Oz AR EAR—EABART > 1E SR KT ABER - LLbEKEE H
MOBRBRE NG R RO Z A A BB RERZERE - BATHERER
BB R o ARBRBABRAURGR THEROZN FA%HAE —EH
KO RR—EKSE PR ORI RS TS ek BER - 543K 5E
HRABEHZ[E  ARAETRETE RS KRS BEPER  AF]
HIE o qo g 3-22 R o
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b. R4 & :

AT EEROBIFOILE
1. 4aksE%

ek E

KB o R

EX AR ELY L ¥

AR EC A% 1L

&k A% EC % 1L

A

BARFA[EERN D AAARGEIEL TR 35 48k5g
0 BlRBEANRESE BT USR] LR LR AESE -

EREI D LB KB 3R BB BB
ERUREE—TRAE RB AL LBEAKNBRE T E A
8 (B 323 Fi) o

TR ST T L BRAE AR LB ENBA S B2
BF R o

LRI Z KB EICIRS  RARBEA R G F 464 A EILA
FAKRIER S ARFE MBI R ELARBBA Y PR > £
& &FEEE 15 om0 AT &35 30 cm s R @A SEILE 0 41 B3
ALTEIERE10CH AT &8 30cm (B 3-24 A7 ) - BB AE
MEENTAH—BILERTRENIEAY> FZ KRB FEA L
THKE > RARERANEENE Y LIBBRARGHA > BT
& %, F % AF F (armoring effect) - BA| A AR BB R L BB ML N Y &
RIRE  HBRABE LR BTURB LERG KBS B
AE R ARG KRS -
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3-23 B ospx B3R B4
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LA UR I AR R4k EC AL 0 AE R e EFE I (EC
Sensor)(4w [B] 3-25)%1 B #) &4 £ 4 % (Data Logger)(3w [ 3-26)#.4% %
EC Sensor
S h% © Global Water Quality (WQ301)

#AEMRK T 12VDC

BYEBE ¢ -40°~+55°

R+E&:1" x8 ,11b

RS E © 0-5,000 micro mhos

##EF © 0.01 micro mhos

Data Logger
suh% : Earth Ground (DT12)
#AEMR¥ C PI2ZRBAC/DC mAERE A

BAERE ¢ -25°~450°
BRIEBEL: SHAELRIER
K E . 128K FLASH & 128K SRAM

LEEmBEY AARATEEN A E AL P RATTEE R
H2TEEME HATEEH S-S ETHAE S KB E
& > B BRE232C 8N @EANTH > b3 PC208W fdE #1355 -
BIZFTFEPATZENE -

TR ER (8L SHALE R IRARNSBE ERMES
JEERAOMA® I0cm H5cme Bl—4LEZ2 55— 0 H—E KR
(ko[ 3-27) TAFZEZRFREKK - S EEWE 3-23

ek AR R (ML) BaB A A EKIR FA ARG ) B
TR EC/HE (wh 3-23) -
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3-25 EC Sensor & ¥ 7K B M
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3-26 Data Logger ¥ - i% 4 v 42 EC Sensor

02

27 T8~

on
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3-5-2 AEXHBE

KRB NRECZAFA R B AR Z R E SR FI A%
FEEHNREG I REGG FEEAREZRAA #4 LT pRH
R #A A L AMRB R RIBBRR  BEBEBHMKEEZIEKX
RAZ > ERARABHEG #4 B2 A — 48 » Jogb® TR
3B RGN RS 0 B 3-28 AT

BE A RBRAT 2 BRO0.09m’) R HEE - BAIA AL
ZEENREHR O bR TUR - AREHREXEREE - 7
Sh R BKETHBIMAREZLKRE  REBFZRSA—AIHY
4 BEGHABEZR A LRIREIOER > BRI H K
EIAH RO EHAE 4 S00g 2 LKL AKE - H
E4KEREABERAKE  SRERS A ENRELE - 2
B g Ltk E F 4ok 33 Ao o

HERRITFUEL > UEBRBSFTEITXBLBHIARAMEN
P 2R FF RERUFTERFARN B RANFESFTHEE
o 329 AT@BEERASFERL B LR F T Ao L—4
WM > BESIEENS B LR ENEEN BEHFT - £ 5
BRI BERTAN 400 LIBAARRUR LRI BRI T EF
BRI BRANEA W ELEAAES4ETEZ A
ARk KBREZR R c BN ERALREAGBARLRA >
Tk KA BTR P A B 3-30; B4 A T Awi&br KRR 4£AT
KRG SELAANTE ARk KER -
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38.1

Yax5EesHNRELR

. N\ \
% \1&‘ \\
X 70 N
W ~ O\ — 3 ERHAL
& \
\‘m 50
%)
W 40 ~
;E 30 b
N\\
20
\~JT
10
0
1000 100 10 1 0.1 0.01
4% (mm)
3-28 3 EFHAELR
%33 BLE L REKEZHIE
A 8 $ B #iE
SEE 1.670 t/m° SKE 9.62 %
FHE#rE| 1503kg ALk E 14.46 kg
1.57 # 0.00 kg
17 & 16.68 kg
127 & 26.90 kg
3/8”7 &% 12.02 kg
#4 & 29.24 kg
#10 8.26 kg
#40 & 18.31 kg
#200 & 23.48 kg
#200 &R AT 15.41 kg
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RoEEAE RN c AR EXE R E 4-2(a) ~ 4-2(b) ~
4-2(c)fi~ - B LbBREERERBAKABETZ R E » £K
M 0285 FmEH A 1.3 /min; KA¥E 0385 A S
# % 2.0 L/min; KAHE 045 8% > F3HAEH S 2.5 L/min s K4
0.6 85 IR EH A 4.5 L/min; sbob o HAFIT AR PR B R
BB MK Bud 4-1-4 2B 4-7-4-8~4-9> & i 2 494845 (Flow
Net) 3 EF 2 &R TR T UBRBRERTREF SEH AT
FREN -

& 41 HEB2BEMAEEK (cn/s)

B3, 0.120

WEAS K | HEGOR | HWAETSE

KA E 0.2 0.116 0.124 0.109
KAHE 0.3 0.131 0.144 0.136
PEE Y2 XX - anh k)
3
E 25 | , L o KR4S
= $230 60°
brs , | L E° Y1
2 A RRTS
i‘a L
i 1.5 . 133
A ®125 L0
% .
®USA
0.83 e
0.5 4043
0.40
0
0 0.1 0.2 03 04 0.5 0.6 07
K A¥EG)

Bl 4-1 7K 74 B 1 BA 46 2 A 8 I B B B 44
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nu\-

i

FwE &R H

BHRERI BRIy H— B 4-1 BHRTHRTH B -4 4-2
L 2 S L R

4-1 BT

SRR HHLBAERBRZARKANBE RESILT BELE
BRI BEMAELTE S BEZIRE - KABERFHA 0.2~
0.3-045~06w#E; sk E%RFALA 45 60" ~75° =4 -

4-1-1 FiE o H

JEEK OB PI— BB KRR BIEARFZIAKBASE  F AR
R ARt E RIAZ R EFRMAENEE  BAH AR
BAGEES 100 cm* FAUKAR L BB Z SR L TR EIHE
AR MEY  wB 41T dEToh TEHELREYEFAK
NBE ZEREHNEREERKER » KA¥E 0.2 85 > BFR &
B2p208  RABE 03I BFREA/ 1 5 188 KABHAKE 045
B BRRIA A 1 sk KABE 0.6 8% 0 BRI AR 24 %) o

ERRERMBE > FAKBRABEHLERBELE S EHE
% AR KE (BEKEEA 1 gon’) BRI EFHTH
BEHRE -

HERGBEAIT BRAKEZTRETHBT A FLLER S

o 0 BAKME LR ZIEHN £ L REDEFORE » AT
®#x

AE Y
MERERE ) AKALTRATERA > THRAE— DA 4 H

=
-
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RoELE —BRAEEAGEN c A= B2 & RwE 4-2(a) ~ 4-2(b) -
4-2(C)ff~ - BB RSB BEARBRAABETZFHARE £k
NBE 028 FHREHA 13 L/min; KABE 038 FHRE
# % 2.0 L/min ; KAME 04585 > FIAEH A 2.5 /min; KA+

0.6 85 4R EH A 45 0/min; sbob 0 AT R LA TR
BAAEMGEK G 4-1-4 28 4-7-4-8-4-90 & H A % @484 (Flow
Net)» 3t HF 2L R0 TR G TURBRERTRIES SIS LT
BN -

£4-1 HE B2 5EHAEEK (cm/s)

R4 0.120

WEAS K | HUE 60K | WA TS K

KAHME 02 0.116 0.124 0.109
KAHE 0.3 0.131 0.144 0.136
KAOB%ERMEE LS ABEAMA
3
2 25 . L— ¢ HRAS
w *23%0 .
:'E , | = 3% K60
% LARTD
*ﬂ o H
tgg 15 ‘ i3
£ 125 )
Y
0.8% G4t
05 r 4043
(.40
0
0 0.1 0.2 03 0.4 0.5 0.6 0.7
KA

4-1 7K 7 B B S B 46 25 AR B R B R B 44

73



HBEEAXABEZLHAE

5

a5 ¢ ~—AABAE 0.2
o 4y - X AR 0.3
§ s | - XA BE 0.45
2 5 XK 0.6
Wi
B 25+
s
1.5
1
05
0 1L 1 n 1
0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510
¥ B (min)
B 4-2(2) 45 B A AN BEZ T HAE
) EETT Y EXITDE |
5
~~—AKHBE 0.2
o~ -~k AR 0.3
g - X AHE 0.45
3 A ABE 0.6
"
=
ﬁ'
g‘_
0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450
&% 1 (min)
B 4-2(b) 60 B &KW BB Z TR E
TESANBRZFHARE
5
45 -~ kABE 0.2
/E 4 r +7Kﬂ%& 0.3
g 35 - XAh#K 0.45
2 5 ~XxA#E 0.6
w
=
&

30 60 90 120 150 180 210 240 270 300 330 360 390 420
% (min)

B 4-2(c) 75 B & KA BEZFHARE
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4-1-2 R F oM

FBB AR BOR T A AT &9KA TR B LR A7 P 4R
Z X ERA FIRBABIRH KSR BPTIFEPERE -

EBUNARANBET  TERZTHRRBBE EREBRROHKS
HETRSAAF RS THTEE AR LBBEL T BALEMH
%’ﬁﬁ%%%%%i%:ﬁﬁﬁi%&%%%k*ﬁﬁ&%ﬁﬁo
8 B 4-3(a) ~ 4-3(b) ~ 4-3(c)T A 4oil B IK E AR FI R T 2 B o5 0
enE -

RAELBBAKABES LEmBERNS (BB #HEHy
o) RETIARIFARIE 0 R X FLBBBRIES (ANH FHY
Eh) XEALRR AR AT @BEREL SREHLEZREE
LREAHARAFHEL AHBEBOE AR TR AR LEEH B
BMBIRE BB E B LB EBEARRT BALLNHIR
2t BRGNS ARARESHEE  ERKNBERS ERXMME
CRLESN A&

ARGAK > REBRGRKAIGEALERZ — ALK
BEERBEMFRITEAEZH L > HE&RwE 4-4(a) ~ 4-4(b) ~ 4-4(c)Fr
o B ET A A0 LB —BRRREZE RV ESRAY
SR ZRBIEHME - FAMB YT XEHEKANHE 0203
MR —H% 04506 RBR—HAE > AR B ELE A
RAAME - RERBERBRANBELKE 45 B8 0416 KA
60 B854 0.413 ~ 3k B 75 B w54 0383 -
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HESANBEZRLFRFEE

500 Y
= K AWR 0.2
S w00 K HEE 0.3
> )
] - K ABAE 0.45
f; 300 ¢ K AHE 0.6
g 200 - ?
-
100 r
1]
0 60 120 180 240 300 360 420 480
8 (min)
& 4- 3(a) 45 £ 7J<177}% i-?—’fi H?I'Fa‘j P ERE
RS ANBEZROFR T
1000
_’g N ~— K HBAE 0.2
=
Eo 750 | &k H#E 0.3
o - K ABE 0. 45
ﬁ K AR 0.6
w500 |
E *
a 1
b 250 L }
0 60 v 120 180 240 300 360 420
8% i (min)
B 4-3(b) 60 B & KN EZ BT VR E
HESANBRZERAFR T
2400
Ty -k ABE 0.2
- -~k AWAE 0.3
" oK HHR 0.45
_?i_ 1500 +7k)’]#)1 0.6
o= 1200
H
900
s !
600 |
!
300 §
om %'---:---*-'IVAL;‘ -ttt -ttt
0 60 120 180 240 300 360 420
#% B (min)

B 4-3(c) 75 BB KB EZ B ITEE
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BErefp b4 ¥ (g/nin)

110

80 f
70 |
60 |
s0 |
40
30
20 t

450 2 K 7y B R e A o 1) o 4 A A

*
*
. *
0.1 02 03 04 05 0.6 0.7
KABE(D

Bl 4-4(a) 45 RA AN B R R EMF R TR EZ M4

B iaurndiv4x ¥ (g/min)

60K 2 K Jy 46 B L WA o4 1] b 4 A4
110
100 |
00 |
80 |
70 | *
0 |
s0 |
a0t
30 |
20t ¢
10}
. * M
o1 02 03 04 05 06 07
KABE)

Bl 4-4(b) 60 B 7K A7 4% B 4 BA 0 ] o R B X Bl 14

TSRZ AN BEREMFNFEENA
110 .
~ 100 |
.E %
2 g
: 70 |
£ 60|
g 50
# 40t .
* ol
20
10 | -
o . * . N
01 02 03 04 0s 06 0.7
AKAMEG)
8 4-4(c) 75 Bk N 4 B S B AL BF B 60 F Z B 44
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4-1-3 K5tk Z R A8 5 AR5

LAEHRERE RESAMOLIBREEHEHE > By Lk
1@ 58 5 ho B 4-5(a) ~ 4-5(b) ~ 4-5(C)FF T - MBI ETRITZ
rEmE o AritERE X el A KN B LSRG 0 AT
%5 — & 41 RAERE o

P ERIR ZALAE - AR Hyvmat (>#4 8 ) P2 AiE sy
HRBAFFERAKR RETURAZALE BN bk (<#4
) mE o R FeiBEta A Bt TR iF4oa 8@ L8 En e
REBHEIZE > TETEAGE S RaRiAaE RN ELE
HivERI > ERMEERMGRAL  FFLBASHERRET - b
R BB AL SRR R 6 feRoR A ki 0 B AR TLIR B K o 4
FREXIFLE > ML RK  BURFEH B 4-6(a) ~ 4-6(b) -

B 42 AR SRS E TN GRE4S ) (B AF)

BE pma| B2 brae| PR pue PR ne

HaAT 0.3 0.45 0.6

1.5” #| 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

17 £%/16.683[16.681| 0.002 {16.679| 0.004 ]16.680| 0.003 |16.680| 0.003

172”7 #|26.904]|26.800| 0.104 {26.889| 0.015 [26.823| 0.081 |26.886| 0.018

3/8” #%(12.024]12.022| 0.002 [12.021] 0.003 [12.018| 0.006 |12.016| 0.008

#4 £5(29.237129.199| 0.037 |29.116] 0.121 [29.010| 0.227 }28.598| 0.639

#10 £5| 8.257 | 8.251 | 0.007 | 8.198 | 0.059 | 8.214 | 0.043 | 7.986 | 0.271

#40 #%)18.308|17.985| 0.323 [17.501| 0.807 |17.619| 0.689 |17.416| 0.892

#200 #7|23.476]22.987| 0.489 [22.778| 0.698 [22.818| 0.658 |22.619 0.857

#200 £4
LU

15.411114.850| 0.561 |14.108| 1.303 |14.268| 1.143 |13.184| 2.227
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& 42 heRATR SRR EF o OGRE 60 &) (5)

R 5 AT

R
0.2

FERE

B
0.3

PERE

R
0.45

TERE

R
0.6

PERE

1.57 &%

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

17 &

16.683

16.681

0.002

16.680

0.003

16.674

0.009

16.620

0.063

127 &

26.904

26.800

0.104

26.889

0.015

26.843

0.061

26.900

0.004

3/8” &

12.024

12.022

0.002

12.021

0.003

12.005

0.019

12.023

0.001

#4 &

29.237

29.230

0.007

29.185

0.052

29.195

0.042

29.233

0.004

#10 &%

8.257

8.250

0.007

8.112

0.145

3.181

0.076

8.251

0.006

#40 £

18.308

17.985

0.323

17.468

0.840

17.665

0.643

17.985

0.323

#200 £

23.476

22.987

0.489

22.888

0.588

22.788

0.688

22.368

1.108

#200 £
AR

15.411

14.837

0.574

14.846

0.565

13.849

1.562

13.025

2.386

42 WFERFTHREARBEEN N GRETSE) ()

KB AT

R
0.2

PERE

AR
0.3

FERE

R
0.45

PERE

A
0.6

2y

1.57

Ty
=3

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.00

0.000

1//

Tk
=S

16.683

16.669

0.014

16.679

0.004

16.617

0.066

16.680

0.003

1727

hied
=

26.904

26.902

0.002

26.899

0.005

26.781

0.123

26.896

0.008

3/87 &h

12.024

12.018

0.006

12.011

0.013

11.798

0.226

11.996

0.028

#4 &

29.237

29.233

0.004

29.216

0.021

29.188

0.049

29.208

0.029

#10 £

8.257

8.224

0.033

8.256

0.001

8.212

0.045

8.112

0.145

#40 &5

18.308

17.896

0.412

18.268

0.040

17.268

1.040

17.159

1.149

#200 £

23.476

23.225

0.251

22.826

0.650

22.258

1.218

22.369

1.107

#200 &5
AR

15.411

14.449

0.962

14.335

1.076

13.387

2.024

14.165

1.246
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Xwth 2 k@5 HOLAISE)

80

‘°° M ]
» ~— FEEHRE [
o 80 A\ —~—Xxh#E02 |
i 20 U X —— R ABEO. 3
& H N - Ky 8 R0. 45
g 60 y K A#K0.6
g 50
13 40 h
30 ﬁ
2 N
10 J
1]
100 10 1 0.1 0.01
#48 (om)
B 4-5(2) 45 B &K #h B KBl Z A4S - F
b g T EX.E PR 1Y (1) 3]
0 MO T |
9"4 -~ 3T EHRE
& a0 M N ~— kA HEO.2
i o \ - K ABEO.3
& o R A BB, 45
‘@ .
g J K AR, 6
)
E 40 b.
o il aq
20 o
10
0
100 10 1 0.1 0.01
A48 (mm)
Bl 4-5(b) 60 & &7k 77 46 B B BRIE ZRAE 51
XMtz RRIHOERTSE)
e N [ OO T ]
90 . s L L
2 w0 \ ~—AABE02 ||
i X - KA R0, 3
& P kA #RO.45 TJ
g 60 3 — KAHROE
S50
:E'_ 40 =
30
20 B
10 4
0
100 HoJ 1 0.1 0.01
A48 (mm)
B 4-5(c) 75 B &K N E T REZRE H
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%43 FRAXAAZEH

L HERE 7w 19.75 k N/m’

KZEME T w 9.81 k N/m’

F BB A c 0.16 k Pa

TARBREA ¢ 36 i 4

FILRAGBE K 0.419 —

K Z 35 AR B 4
1.002  10°Pa-s

(18 3% &8 20°C)

B ARG k 0.12 cm/s
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