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ABSTRACT:

The correlated organizations have considered the water level and the velocity of floods in streams; yet they
haven’t sufficiently considered the impact of the debris flow regarding that floods vary in wide range. They also
haven’t considered issues concerning amelioration of the main structure of bridges, such as how to strengthen the
structure design and select strong materials within the aspects of the structure of the embankment and the bridge and
the selection of the usage of materials. Thus, this project drew up a research period lasting four years to thoroughly
understand the reasons and the magnitude of the destruction of the structure of bridges and its piers using analytical
tools that simulate values and review the present design criteria to provide strategies for improving the main structure
of bridges such as fortifying the structure design and selecting strong materials to use as a reference for designing
roads and bridges in mountains by the organizations that are responsible for highways.

Based on the damage analysis during Typhoons Toraji and Mindulle, we know from this research that the
roads and bridges that were damaged by floods or debris flow are concentrated in the two watersheds Nantou
County, Chenyoulan River catchment, line highway number 8, and Taichung County, catchment of Tachai River,
highway number 8. The disaster review showed that the debris flow has high occurrence potential in the
Chenyoulan River catchment. Based on the description above, the research sites were selected in the Chenyoulan
River catchment, line highway number 21. Due to the representative bridge structures across the river, the traffic
conditions and the extent of damage. This research takes three factors--the history of damage, the magnitude of
bridge facilities, and the environmental conditions of watersheds etc. into consideration to decide where to process
the research regarding river-crossing bridges. After analysis and comparison, Shin-Yi bridge, Shih-Ba-Chung
River bridge (+/\ & %4%), New-Ai-Yu bridge (¥ % £4%) of highway number 21 and A-BangRiver (FT#F%) of
Road-dike of highway number 8 were selected as the research site for later use.

The FLO-2D numerical code is used for the simulation of flow behavior of the debris flow, including the
depth of accumulation, flow velocity and the range of flooding. This author certainly expects that this procedure
could be a further reference for pier and foundation of the bridge design. :
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242 3 pinin® ik
1. kR

2 EnAMERER (C ) Edp 2 TN HE R AR B2
Fi~FEIFRES TG 2MBT AV 0 THRAT

Yyt EABERE Sy, P P HAESTE
AT HEPTE Ly, o kEEE

|k

7/S:GSX7/M/;GS

A RE - f TR AeT

A (e O L o G SRS RR (2-5)

FRER (C) - SV RAERL RE > TR LHMAERS
ERLERM

PN

op—
G, -G, (G -1

Vallejo (1989) &f7 3 ik i cnfEam 7y » 83t § = F & o=
T %2 FRMBRRC RAFE L DTS S AT = RS
(4% 2-7 #757 )

(NC,>0.8 FF » R & enda® 3 & 3 B d Jedpe F enBded H i o

(2)0.8>C,>0.55 P> R &2 AT B R A B je3Ee e o
AR RS i ko

(3)C<055pF » L 42 B sg R o & d A2 R TR E
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227 TP R REMHFERRZ M G (Vallejo » 1989)

A1 50 o P 46 18 L 18]
Mot | EsadEd ( Grain concentration ratio.C.) X}
Whask| WhsE| HhaE
S M= Aars i
MRS |HRE+ [EE
SRS
rfodh = =070 | 0.70-0.50 <050 |Paduana (1966)
sfodst |AW =0.80 |0.80-0.62| =0.62 |Kurata and Fujishita (1960)
hfodh L [ 6§ A 2045 =045 |Rodine and Johnson (1976}
gkt | FERY 2058 <058 [Vallejo(1981)
ok = 042 <042 |Goughnour and Andersland
WAL | =k =090 | 090-080) =080 [(1968)
wofofbt |[+FRYW 7049 <049 |Rico and Orozco (1973)
Vallejo (1981)
T34 080 | 08005351 <033

3] 40 #40 (Grains): & & 2 5 (Sand or Gravel) + a4t (Matrix): 45 £ & %

2. P T EER MR (C)

@ﬁ@(wﬂ)aﬁﬁ%@ 4 1@ 327 Terzaghi #74% J1 2. 4

2155\ .
RN

-
4k
=
=i

C. - L 2-7)

* (ys — yw)x (tand)— tane)

PP AR R sk R R 0 R 2N BELE > AR
iz i ?ﬁ%ﬁi)ﬁ#ﬁfﬁg » Hoig A3 267 ~48° 2 o o0 &kt
PEERHELE o AR ek FHERC T Rk R C, B
FRSEL R F 2 o 4ok C,>C, 0 §F AT 2 R

b bRy kR o Bl g AR R B
R AR T {E  TA  PCRE I R R TR & e
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ks
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KPR A o prh o d - L RSB R £
Bito B PR I EREOMBERSY LT EFALARM
oo g o 5V (2-7) AT HFEE T and ;.,ﬁ,ﬁ,mwr(**ﬁ
Gk g By i AP AR AR A AN EAFELR 0 &
FFERE R T A RE N R Flt o Y E R R iy &2
P RS BPEAVESRE BRI TEEE oA P RS
SERE R A 100 ~200 o

=t

3. 2 RIRE RS BREF R

mWmAFEF Y o 3 R R4 HARF GlcohE B2 f B &
A A BEER R G A 84T

()IE 23t 2
Johnson & Rodine (1984) # i m™ = & G- F 3 "8 R4
(CVEE=Y =0 SE

I m o URE g o Ao R 2-8 4Ton 0 2 B IR R
Z PP ES S R R

P rgRAandiER (m); 6 ApERE (O )
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=8,

Critwal

Thitkmeoss

(o} {b)

(ﬂ]_:l’.- A }-;TL.'HL ‘F-?j Hﬁ' + «TJ HL ?’\ l]' ﬂ;& f“‘ ( II'.:' I}Rﬁhgﬁrﬁ‘ jf; *Tﬁ i i}i -Wx_ { l".:* q] H lef.
A AR R (To)M kA ¥ d 4 hm B E -
(b) £ G e #5085 » BEESR M4k & 0k A (O 2) 8B Sk e % FE (Te) -

B 2-8 2 zinsaffeRt 327 L B (Johnson and Rodine » 1984 )

(b)F7R~ FH =

T, = 209107 XL (Y, = 71,Y,,) ceevereeeeeieieieeeecc (2-9)

KP ooy HERA R HEEE (KN/m) L L E
H. B f]}ﬁhré» PobRERE R (m);on, P BFRS BHRMA R
AR =1R22FL o n=14> w2 - FiL-

Q)F P #E > E

B IR & SRR e RS F R @g b S
o gk DGR R R R R R e i o R
E?'i" 4 &2 b AP *» & (apparent shear strain rate) > 50 W §F 4 47
FEREE RS ST Gl #iE 2 B R B3h 7 32
TR R R RS B E AT R4 2-8 o o H Y
Johnson & Pierson & J3-f 3+ = i # 32 g " R4 43 600
~3,800 Pa > % /% 4% 7 #ic 8~810 Pa-s ; @ Berti £ Genevois =
8 o fchtE K4 6t 18~5,400 Pa v 3R Bl & 1~
1214Pa-s 2 FF > 7 B3 Zinchin §35157 5 £ 47 -
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4., 3 BT o
Pand pin o g RS AN L RERAS 2 RER
RILE LR RS N EE

(DF 4 # (1978)

12 13
Uu,= 2 |gsind C+(1—C)£ C. -1 xhd3/2 ----------- (2-10)
54| 0.02 P, ¢
FF U, B2 BT I (misec) | d, b L S (m) 5 C b 2

ok RE( BRENWTIGgERC,)-

(2)Manning-Strickler Equation ( 1891 )

U,y =0 238 2 e @-11)
n

5P o hy=3 FONER 0 s n=dEkES o B A IR
=0.1> 183" n=0.06> E4pr k1 n=0.03 A= 45 =k,
—1.486; Lod|HE =0k, =10
(3)42 % IR % (superelevation) iz 3+ 2 % jin T &) i@
Johnson & Rodine( 1984 ): 4% 11 ¥5 ¢t Ja i3 = j% > 4o @] 2-9 #757 -

V =(gWcosOtan )7 oo
;\“ ‘:1 : —(” 7}% Fl" m) ﬁ—/” ﬁ’*’ ‘:’ ‘,’ z'/” m]"?é'l é‘-
B (O )

Li4]

% :
", Wi &
a " #
o %5 Dabris—flow
s Dreoansd

m 2-9 3 2in L_/u ’fﬁ %ﬁ i) ﬁ@ﬁ?f&fﬁ 'ldn-‘zif
(Johnson and Rodine > 1984 )

2-37



Hunger et. al. (1984)

2
P L (2-13)
vg

P ran=naafaos L (m);b=2 Findae R
(m); k=& h#c ER/EFEY k=255 -
DIy 2 KR
Ty B Tty e -?”‘rﬁ’%*;"ﬂ;}p A
B ERTUY KT EZ A2 Fa 0 ¥ KT EERT o
fed 32 Zina 4 2 A F AR ]“n"# de b 4 TRE A RIS bR
o RBERFFOFISLE R P0G D Ehd TR R R
ERRFB AP TR E T ﬁ.é;}&:ﬁﬁ. BrE Lot g
yInS 07 I
(a)Acquabona Creek
Acquabona Creek =t & + I3 » % Boite River i
%0 5 B4 (Dolomite) (& = » i G A9 5 0.3 km’
T R 9L 18 A & .94 900~1500mm =+ » * &
wA 1~2 = Bon o b EIEE 4B 2-10 #7517 ° Acquabona ik
B3 1997 s AR X REBEBRREI L AHAFL R AP R
EEEMARREREE ) F F AR KB - E S HRE
( geophone ) ~ # i 4F B ( ultrasonic logs ) ~ # ik % &k
(video-records ) o ™ T #ru f Pl enE L 5 iﬁ.?fi % 3 BLRIHZ
W ¢ TR EFERZ R EES AT B TR TR
4o 2-9 #7757 (Genevois and Tecca » 2001 ; Genev01s etal. >

2000 ; Berti et al. > 2000 ) °
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RS Dalarnita Slops depocits @ Menioring
| FTEE] (Upper Trigssic-Lower Juross <) S | [Quaternsry) Stalions

Ran mors ciiiiiiy Debris flow deposity
(Lowar=Middis Triossic) i (Quatermarg)

]

@ 2-10 Acquabona /i3 =% 2 1~2~3 5LRxE =% B
(Berti et al. > 2000)

% 2-9 Acquabona Creek # % /iiiif 22 5 éF B (Berti et al. » 2000)

Bﬁﬁ g | EE AR AR E s [RRER
h ‘ (m/s) (m/s) (cm)

N
~

25/07/1998 = R 0.47 2.20 150.0

%R 0.83 1.40 85.0
27/07/1998 ¥ - R 1.05 2.36 150.0
E e 091 | e e
17/08/1998 ¥ - R 1.81 3.44 1.64
L8 2.63 5.17 0.36

;8 4.00 4.18 0.33
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(b)Moscardo Torrent

Moscardo Torrent =& ~ fI L = e & o ff 4.1
km® > Tiox B 5 20 B 0 & LA $ 5 1,660mm o & E 3
gt - =3 P B IEEE AR 2-11 #7775 o Moscardo p
1989 # 4= B 4o 2B X LB KR B » @ 5 ¥ & £ B (geophone ) ~
B #7p) (ultrasonic logs) ~ #F24% o 12T 4444 1990 T 1997
EFen 13 33 Foiedr Fl4ck 2-10 2 £ 2-11 75

( Arattano et al. » 1997 ; Arattano > 1999 ; Marchi > 2002 ) -

(1) 255846 (2) %E ¥t
(3 4) s Bl A b R 8 SR 0 A, -

® 2-11 Moscardo Torrent ;38 i~ % B ( Arattano et al. > 1997)
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# 2-10 1990~1997 Moscardo Torrent * % it T 4% (Arattano et al. » 1997)

) Timini | hA R | A asma | ThE
ANt e ##
(m/s) (cm3/s) (m)
(m3)
17/08/1990 1.0 | - 0.69 | deposution | ------
13/08/1991 5.0 88.0 2.13 2.20 19000
30/09/1991 1.9 24.0 1.67 2.40 3250
01/09/1992 2.5 46.0 2.24 1.90 5800
11/07/1993 3.0 14.0 2.12 1.04 5600
19/07/1993 0.9 3.0 0.74 0.94 730
20/07/1993 4.3 16.0 2.30 1.52 6350
14/09/1993 2.5 10.0 1.47 1.41 3800
18/07/1994 40 | - 2.09 1.51 | ——---
22/06/1996 3.5 140.0 2.85 2.00 16800
08/07/1996 4.0 195.0 3.65 2.27 15600
27/06/1997 2.9 25.0 3.90 2.10 16

% 2-11 Moscardo Torrent ¥ % 3 § £ R|>* 3 Rl R F 2 it

22/06/1996 Sation 1 & 2 | Sation2 & 3 | Sation 3 & 4
5 - ginid (m/fs) 7.1 8.5 7.2
¥ = oni (mfs) 7.1 7.1 7.7
¥z o (mfs) 6.7 6.7

(c)Kamikamihorizawa Gully

Kamikamihorizawa Gully =%t p &3> > g d £ .5 0.8
km’» TiomE s B 5 158 & 0 78,1962 & Yakedake L i 'Bgh
t¢ > Kamikamihorizawa 2 % Jigf 4 A7 5 3 4e > & £ R4 4
B end oo BB APk 8 4o B 2-12 #7510 p 1975 & 42
AT AT R R A RBABRRIE IR AET F
ek B 31 4 W] & radar speedometer fr filter speedometer * ¥+
JERREFRE P97 EAEEEE RGN TR 4
2-12 5 1976 1 1980 & /& + % /i § B F #F ™ (Okuda and
Suwa > 1981 ; Slaymaker > 1991) -
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#® 2-12 Kamikamihorizawa Gully ¢7)i38 2 & B2 X > § §

# 2-12 Kamikamihorizawa Gully 1976 % 1980 2. 2 % /& R B F 4L

- max Distance | Dmax 5 it | Discharged
= A =P § ( rg3 Jsec) (m) (m) wIER volume

(m/s) (m) (m3)
1676/07/19 | 3.40 124.0 607 2.3 3.4 9200
1976/08/03 3.90 103.0 718 3.1 3.2 6400
1976/08/14 | 4.20 — — — i
1978/08/17 | 5.10 98.0 627 6.0 3.8 11500
1978/09/04 190 24.0 599 1.9 1.5 710
1978/09/29 | 2.20 22.0 565 0.5 1.9 | -
1979/09/21 3.30 98.0 755 5.6 34 14800
1980/07/19 | 0.88 5.1 116 1.2 1.0 | -—----
1980/08/23 4.30 65.0 321 3.3 1.0 5100
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(d)Curah Lengkong river

Curah Lengkong river = &5 £ 'Nex & e Semeru L L F js
BAL 258 km' TR R L 172 R 0 BB A
f:‘:_"é ﬂkrﬁ] 2-13 #5757 o Semeru X Lij£_1967 & % — =B 18
THE LD TEERE - Fox FREET AL R
Jﬂz 4 Curah Lengkong river 577 #5238 % LB (75 4 825 =
f%@) 4’15 BERI REE TONE R NRIRER - TN
Fe ém% aiE R S TR R R P AR P R
mé]};{é\ BRI AP RR ~ T s Tie b 2 -fq’z
o™ m% 1999 % 2001 & & 21 fed Z AR BE T AL > 4o
2-13 #t5+ (Lavigne and Suwa > 2004 ; Lavigne > 2004 ) »

~—

g
k]

®) 2-13 Curah Lengkong river i35 i+ % B (Lavigne > 2004 )
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# 2-13 Curah Lengkong river 1999~2001 & fF ¥ % /i ## (Lavigne > 2004)

a4 WMEURE | AN | BRANEIE | A E %?ﬁ)%ﬁﬁ%
(m/s) (m/s) E (m) (m3/sec) (m3)
1999/11/21 5.8 5.9 0.8 67 65000
1999/11/23 6.2 6.5 1.0 95 146000
2000/02/04 5.0 5.0 1.0 100 134000
2000/02/25 1.9 5.5 2.5 175 354000
2000/03/08 3.8 5.0 1.0 100 105000
2000/03/23 1.4 4.5 1.3 104 153000
2000/03/24 2.3 6.0 3.5 245 402000
2000/03/27 2.3 6.0 3.5 245 502000
2000/03/28 2.0 5.0 1.5 150 283000
2000/04/09 2.7 5.0 1.5 120 245000
2000/04/13 1.5 5.0 1.0 100 190000
2000/04/14 2.5 5.0 0.9 85 108000
2000/04/15 1.4 5.0 1.5 135 233000
2000/07/28 1.5 6.0 3.0 240 430000
2000/11/13 3.3 6.0 3.0 180 444000
2000/11/15 4.3 5.0 1.0 100 115000
2000/11/19 2.5 6.0 3.0 210 429000
2000/11/20 4.0 6.0 3.5 245 396000
2000/11/23 4.3 4.5 1.0 90 88000
2000/11/26 3.0 5.7 3.0 180 499000
2001/04/16 1.7 4.5 1.0 90 70000
2001/04/23 2.5 4.0 0.6 54 80000
2001/05/22 4.5 5.0 2.0 200 24300
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(e)# 7k

BRECRZT o 4BP » AP LA K 200 22 e
% 4£75i1 (Jinsha River) e i » in¥ & #£9 5 47.1km’» =
BYREXLOR > EEFS 103 2023 Lm0 B M
B 4oB) 2-14 #7517 o L " (dongchuan) # 7 inpLip|sbk & A8
AU AT 2RI E (9270 22 ) BB KL 3% B
200 2 2 eE i p S B ERe T E LR RO R T
TORRE S BB > HEH NG N o £ 2-14 w4k 1966
3 1997 & B3 73k 4 £ i enF . (Hamilton and Zhang >
1997 s i== % > 1998 ; % & =% » 199]) o

'\..-'—".""‘ %
Em/q/ ~
NAY % \.
2\ ‘Fﬁ#by 0 0|
ﬁ\ i =t & 01 ﬂ'ﬂﬂ"\
v/ N ogaw” ) .0/
A e '{qm ]
g 1 Rx0 R \
N 4 O\mERmEHT QO &/TR/M N
\ . L) N,
210 e aseg ;tm;\-
' S # o - [y~ ]
""" 4 N EfrEp
. O iy
rel 0 1 28 N b fq_.-' e
e

W2-14 FrapinB-i® (%2 ™~%1991)
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% 2-14 BRE 1996 1 1997 e B2 £in TR EE (%< =% > 1991)

. ¥i-¢ [ KL Rt Bed slope
?)}ifé*;ﬁ;& (t/m3) m@wr}i(m) (m/s) (IC)
1966/07/23 | - | - 7.74 0.055~0.070
1967/07/30 | - | - 7.66 0.055~0.070
1967/08/05 | W -—--- | e 7.30 0.055
1974/06/29 1.83 0.17 3.67 0.055
1974/06/30 2.10 0.40 0.67 0.060
1974/07/16 2.00 0.45 0.75 0.055~0.070
1974/08/04 | -~ |  —-ee- 5.90 0.055~0.070
1974/08/28 | - | —ee- 7.59 0.055~0.070
1975/06/11 | - | = -=—-- 8.58 0.055~0.070
1975/06/15 | - | - 9.02 0.055~0.070
1975/07/04 | - | - 5.85 0.063
1975/07/05 1.95 1.40 7.81 0.063
1975/07/22 2.21 2.10 9.30 0.055
1975/08/08 2.27 2.04 6.90 0.055
1975/08/10 1.83 0.60 3.90 0.058
1975/08/11 1.80 0.56 3.68 0.066
1975/11/06 2.21 3.72 9.15 0.063
1982/07/08 2.33 1.80 7.30 0.056
1983/06/02 2.08 1.90 7.60 0.050
1983/08/13 2.11 1.40 8.00 0.067
1983/08/28 2.19 1.10 6.10 0.059
1984/06/14 2.23 3.00 11.2 0.061
1985/07/25 2.25 1.67 7.30 0.061
1985/07/26 2.25 1.54 7.50 0.060
1985/07/27 2.20 2.14 8.90 0.060
1985/07/31 2.20 3.38 11.5 0.060
1985/08/02 2.15 2.47 8.80 0.060
1985/08/11 2.20 1.11 5.50 0.060
1986/07/22 2.25 1.84 7.80 0.052
1986/07/23 2.11 1.54 8.01 0.052
1986/07/24 2.20 1.80 6.90 0.056
1986/07/28 2.25 2.97 11.0 0.053
1997/08/28 1.75 0.40 3.33 -——-
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5. 2 2 #EE
Takahashi (1991) &t Find THrEkR * Finin® (C, ) FF (2

Fovtplaa g ) d 2 r R R FESEREFE TR PN
Q8 -k Q FApS MR

P02 BIRKE R (ems) O, & ki E G (ecms) . C
SIAE KRR o k- MIRFN A RE Y

9% 06~07" 8, 53fk &
ek - £C,>09 Rl 4
C,=09C. » $Hfrsuff 2 4 (5,=1)> 7 #1 S

C*

........................................................................ 2-15
coe 2-15)

£, =0.8~0.9C, -

P EREHE kg2 5~101 o
o TR R A BT T ARG R EE R
iéi >
O, =CHIFA oo (2-16)
Fa

s C=ifin el A= Bk Foa At Ir=2 7755

/_J, EI:‘—;-&_‘
T30 R 5 B o

2 ?nwﬁ&lﬂ‘ A&

(D2 Finv bz 28 (1997 0 2 2 RS kBRI E ) §

i oI PR E R B KRG AR

I m&’g

R I~
BAKE S REAER B LREREARTE B IEE o
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P A=R ok w e (km')o n=3" B F (=04) C, =ind
2Bz B ARER f=n N D 5 £=0.05(logd-2.0)+0.05 -

Q)i ri-kmia gz 38 - R &7 R 2R E)
LA R R BN X N AR
Meyer-Peter-Mnlter (MPM 3¢ ) & > 10T T8 MPM ;% % 57 407

1.5
0, RI
=8X{———————— B b e 2-18
B o/ p—N)g-dm’ X{va—mmzﬂ @} (2-18)

$ﬂ=@=ﬁwi’m=ﬁ%’%=ﬁ%@w4(%=amﬂ’
=F 4 g B I=FPFBERE > R=-k4 LT dn="=T a5 >
B:—ﬁ\’/?’ﬁl‘f*‘h{& R e g o

25 2 pottrE A TG

Ryp Fadg a2 bR ¥R E AT i chitedf 4 -
2 RS GAp NS g rnEREF LI E T
ﬁ?*#P$%§4%ﬁ’?ﬁ% mmW§4’ﬁ$%$*Mbﬁ
PH O RE S EORE > SR RAL ORI ARR - BRI
BRAcERARR > & BFEMEHEL 2 Ha%ow%%+4%/%§4p
TR LeT £ 215
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(,09S/W [8°6)H iy ¢ B & 3 3
z (W)t w30t 7 5 Sy a@m@
(W) gdwts 70 N v gk
(wp) E w*/%w TEMY Fd
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3
ouISy A—-y=d

et T HY R p (s861)
(Wp) p ¥ 7 ou i g Fhgar
° C0=y
W T F~ ¢« 8 F 8 A ATy = A
e &2 F 5% v d mw (6L61)
° (Uol) ¢ f=g 3 3 1 d y g
9 TR I :mm (W)E = 8kfr: ¥ A Y=o
BT, Yol | vy w%&ﬁ%ﬁ%&@% 4 |
od 4 Yo BE WYk YYEE g T L&
Gtmm N W gy FOST-T %
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o Yxe (S WS'6)H T2y ¢ B 1 g
SR TIHRAY L T A $opm (S/u) Flud & F 2o
Bl p WeE fiey T o W HS (WNHE L F 2 g/ n0™af =d M@@w:\
R SUS R’/ 3 o ﬁmﬂ% dE g | QU r A HFDBLL LT e
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Figure 5. Relations hetween peak discharge and magnitude for British Cobumbinn debris flows. Included forcomparison are regressions
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(3)42 B I % (superelevation) iz 3+ 3 7 it T ¥ainig
(a)Johnson & Rodine (1984 ) :
B e
V = (G0 COSOAN 5)% oo es s, (2-29)
(b)Hunger et. al. (1984)

AL = e (2-30)
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336 i Bk e AT A (FhAK > 2003)

d AR % f# (ha) A (%)
AN E 33892.64 75.74
v g 1873.44 4.19
b 400.32 0.89
i 0.64 0.00
A 2 5496.16 12.28
3 14.08 0.03
2 3073.76 6.87
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FR | ERR | EA e | TIHFE | AAHBR | B3 FR | kKR

' (mm)| (P) (C) (%) () (C)
1 88 8 5.7 81 11.4 1.5
2 132 9 6.8 85 11.8 2.7
3 154 11 9.0 82 14.2 4.7
4 249 13 11.2 85 16.1 7.4
5 519 20 12.7 90 17.0 9.1
6" 694 21 14.0 90 18.3 10.7
70 592 21 14.3 90 19.2 10.6
8 " 794 23 14.1 93 18.6 10.7
9" 354 19 13.3 91 18.3 9.6
10 ¥ 129 12 12.0 88 17.6 8.0
11 47 7 9.8 84 15.6 5.4
12 ¥ 60 7 7.1 80 13.0 2.6
&3

(% 2z | 3810 169 10.8 86.6 15.9 6.9

% 3-8 M fikina Ziplsk A A TR

HOH L Kl FR A e(m) | P
C1108 iz %& |120°50'34” E|23°4129” N| 536 | 1992/7/1
C1107 feit  [120°52'517 E|23°35'33” N| 777 1992/7/1
COH9A | # #~+ [120°15'08” E[23°19'54” N| 1595 | 1999/2/1
C1110 EE [120°47'57” E[23°39'47” N| 1771 | 1992/7/1
C1106 9% [120°54'58” E[23°27'12” N| 2300 1992/7
Cl1116 4 4% [120°51'49” E|23°46'53” N| 296 | 1993/3/1
CIM44 | #7% ¢ |120°52'13” E[23°28'51” N| 2540 | 1992/5/1
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T % vl 72 35 g
s g3 ed iy | izf o R AR
— 460 | 577 | 361 | 603 | 496 | 499
B 772 | 785 | 684 | 89.0 | 80.0 | 786
= 99.0 | 856 | 442 | 1198 | 728 | 943
> ! 1333 | 1335 | 1165 | 1504 | 973 | 1262
El 2516 | 2622 | 2749 | 3351 | 2089 | 2665
Ry 2644 | 2624 | 2567 | 3424 | 2552 | 2762
= 4064 | 4590 | 3574 | 4956 | 2224 | 3882
~ 393.6 | 4828 | 3399 | 5180 | 2075 | 3884
1 1691 | 1670 | 1367 | 1973 | 780 | 1496
ENy 1295 | 1234 | 789 | 1140 | 302 | 952
R 351 | 409 | 150 | 288 | 143 | 268
- 538 | 442 | 367 | 497 | 299 | 429
£ 3+ 2059.0 | 21972 | 1811.4 | 2500.4 | 1346.1 | 1982.8
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2310 P4 F o hE? F G THE

b2 o Tiag B | APEHEBRR | B ER | MER
- 2% | EAR | FAN | WA | #AA

B (mm ) (C) (%) (C) (C)
1% 34.0 16.3 75.6 22.8 11.9
2 79.6 17.0 77.5 22.9 13.0
3 85.4 19.5 77.3 254 15.1
4 * 121.5 23.1 77.7 284 18.9
57 202.0 25.8 79.1 30.5 22.1
6" 305.7 27.6 79.3 32.2 24.0
7 220.3 28.5 76.8 334 24.6
8 7 283.2 28.1 78.6 32.7 24.5
9 7 89.8 27.2 76.8 32.2 23.6
10 * 17.2 249 74.2 30.4 21.0
11 2 19.0 21.5 73.4 27.5 17.1
12 % 249 17.9 73.7 24.3 13.2
&3t 1482.5 23.1 76.7 28.6 19.1

SAZEPER | 1971-2004 | 1971-2004 | 1971-2004 | 1971-2004 | 1971-2004
FH AR ¢ L F %A o 2005
L BRI T iaa ¥ E

400

350 —
300 a —
£ 250
Z 200 _
150 B ]
® 100

> [ [

1 2 3 4 5 6 7 o 10 11 12
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% 3-11 AP Zndp & 28 &

S Hh * % T X Rt Y Rt B FREE
CIH850 | X & P %k | 272209.24 | 2676610.50 | @ FRE | = E R
COF950 | &L | P & F %k | 276875.85 | 267117329 | = 45k | =& 5%
COF900 e P& %k | 239481.78 | 268721091 | & ¢ Bk | fo-T 5K
CIF880 | 7/ P F %k | 248588.25 | 2669209.84 | & ¢ Bk | fo-T 5K
CIF870 | * AB | ¥ &4 %k | 25110045 | 2677762.27 | % ¢ Bk | fo-T 5%
CIF890 | # % Pl F Rk | 249294.94 | 2684684.28 | & ¢ Bk | fro-T 5K
C1F940 il P %k | 251889.43 | 2686345.69 | & ¢ Bk | fo-T 5K
COF860 L P F %k | 275498.57 | 2683538.11 | & ¢ Bk | fo-T K
CIF850 i % L F %k | 23225698 | 2682541.90 | & ¢ Bk | K F4E
CIF910 | #7fo2 | ¥ & 4 % & | 233015.33 | 2679802.82 | 4 © Bt | L &u4f
C1F920 T b vl F %k | 225859.92 | 2686243.11 | & ¢ Bk | 7 kK
41F260 o £ 7 273699.92 | 267907.74 | & ¢ B | iz & 5%
41H220 | & Eoob £ 7 275405.98 | 267166727 | % ¥ Bt | iz & %
40F280 % ¥ iR 241533.56 | 2675338.78 | £ ¥ B | oL %
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1 <700 3.34 1.09
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4323 FAMF RufrES Tiva R4

B £ Lo

4 1 2 3 4 5 6 7 8 9 10 11 12 o g
i (=%)
1949 — — — — — 1219.5 1 133.44 | 447.92 | 127.22 | 119.2 6.13 11 2064.4
1950 125.1 | 204.6 61 3473 | 6954 | 791.7 | 364.3 111.7 48 78 65 61.2 |2953.5
1951 128.4 — — — — — — — — 1.07 38.16 14.28 | 181.94
1952 23.42 | 78.25 | 125.22 | 336.6 | 387.54 | 394.69 |1391.12] 205.76 — 6.08 53.21 127.5 ]13129.3
1953 79.13 | 141.42 | 176.77 — — — — — — — — 64.16 | 461.48
1954 119.1 | 124.57 | 141.73 | 365.5 | 66.15 | 323.7 | 232.11 | 93.61 | 98.73 | 25.24 | 53.23 7.11 1650.8
1955 7.33 12.06 5.11 201.4 | 224.54 | 352.99 1 979.99 | 481.85 | 315.33 — 14.42 | 20.02 | 2615.1
1956 153.7 | 146.61 | 55.27 152.3 | 286.63 | 241.79 | 378.34 | 467.55 | 901.48 | 53.29 19.37 | 99.67 | 2955.9
1957 2.25 124.52 1 245.47 | 51.17 | 531.75 | 772.82 | 106.48 | 85.77 54.4 70.28 — 31.36 | 2076.3
1958 56.73 1 170.71 | 158.56 | 60.2 | 296.52 | 236.73 | 268.32 | 103.67 | 208.59 | 76.41 — 49.52 1686
1959 17.6 1281.59 | 81.28 | 325.8 | 365.38 | 575.81 | 533.7 [ 491.54 | 448.39 | 4.06 45.1 22.09 |3192.3
1960 44.43 13.05 | 261.55 | 307.5 | 417.08 | 665.96 | 554.63 | 742.08 | 181.74 | 2.11 37.43 | 45.09 | 3272.7
1961 2134 | 1109 |[271.67 | 207.4 | 359.78 | 183.63 | 156.99 | 171.87 | 330.93 1.06 8.09 30.03 | 1853.7
1962 48.43 1 109.23 | 298.44 | 172.6 | 92.35 | 332.84 | 427.63 | 446.79 | 270.2 | 62.21 98.2 3.07 2362
1963 21.2 4231 85.49 | 53.02 | 10.21 | 186.71 | 402.47 | 89.35 | 1100.5 | 8.05 37.1 27.16 | 2063.6
1964 189.4 | 47.24 | 25.37 0.03 181.88 | 612.7 | 75.65 | 145.79 | 56.18 | 46.37 0.02 2.1 1382.8
1965 37.24 | 39.25 | 35.55 148.6 ] 299.05 | 541.98 | 138.41 | 381.35 | 40.28 | 32.25 | 27.41 22.25 | 1743.6
1966 15.14 1100.42 | 175.48 | 113.5 | 327.62 |1595.94] 223.57 | 832.61 | 91.35 4.01 13.1 7.24 | 3499.9
1967 84.5 96.5 58.31 145.3 | 554.49 | 178.51 | 146.31 | 126.48 | 118.15 | 12.19 | 27.18 | 79.19 | 1627.1
1968 18.23 | 392.84 | 316.6 | 88.25 | 547.74 | 936.3 118.4 | 223.56 | 57.27 60.2 — 2.17 |2761.6
1969 63.22 | 149.43 | 208.54 | 63.22 | 412.45 | 756.14 | 135.76 | 285.24 | 354.44 | 23.08 11.2 3.12 | 2465.8
1970 104.4 | 44.23 | 342.51 | 67.29 | 401.72 | 214.49 | 139.42 | 180.75 | 787.63 | 50.31 10.07 | 76.39 | 2419.2
1971 117.6 | 52.53 | 26.43 | 22.12 | 140.7 | 326.71 | 79.77 | 116.53 | 443.7 16.2 9.03 69.47 | 1420.7
1972 103.5 | 158.32 | 30.05 | 88.66 | 454.17 | 664.56 | 306.56 | 790.68 | -36.04 | 6.19 47.08 117.4 | 2731.1
1973 61.41 | 5532 | 80.26 | 295.6 | 334.55 | 519.68 | 514.74 | 139.67 | 85.45 | 51.35 | 53.15 4.08 |2195.3
1974 15.17 | 15432 | 96.48 | 318.6 | 525.71 |1163.68| 146.77 | 781.75 | 141.69 | 136.6 9.13 31.36 | 3521.2
1975 120.5 | 86.16 | 269.92 | 161.2 | 553.9 | 922.21 | 117.67 | 260.73 | 104.41 | 107.6 | 37.38 121.7 | 2863.2
1976 67.22 | 99.23 | 89.74 | 89.39 | 572.88 | 224.81 | 1173.3 | 695.51 | 174.35 | 30.38 18.09 8.09 | 32429
1977 68.26 | 37.21 | 41.18 18.32 | 487.61 | 1189.8 | 585.69 | 314.74 | 87.26 9.06 27.44 | 52.21 |2918.8
1978 71.26 | 93.47 | 445.92 | 231.6 | 741.83 | 110.49 | 222.18 | 327.67 | 180.23 | 67.53 14 68.35 | 2574.5
1979 57.46 494 | 114.66 | 1244 |398.62 | 371.54 | 51.26 | 1080.8 | 36.41 — 71.28 — 2355.8
1980 110.2 | 162.57 | 32.2 300.3 | 140.15 | 24.08 | 84.47 | 618.42 | 50.28 | 41.12 | 37.25 13.15 | 1614.2
1981 4.14 124.5 1 260.43 | 93.41 | 702.56 | 1004.8 | 883.91 | 561.54 | 649.55 | 44.1 74.36 | 49.12 | 4452.4
1982 17.22 1166.51 | 206.37 | 231.6 | 610.33 | 492.01 | 359.75 | 480.84 | 69.37 2.01 67.42 19.32 | 2722.8
1983 -1.01 67.1 813 69 494 696 66 200 67 63 4 22 2560.1
1984 31 77 184 425 807 318 113 244 104 26 5 3 2337
1985 50 552 185 293 391 581 73 701 162 1 56 219 3264
1986 58 227 316 58 771 558 386 463 211 32 68 97 3245
1987 52 80 315 227 4495 | 515.5 574 131 218 94 5 27 2688
1988 78 76.5 241.5 | 406.5 | 506.5 134 52.5 275.5 | 255.5 — 25 10.5 2062
1989 39 16 140.5 | 373.5 | 609.5 183.5 | 393.5 177 525.5 45 4 83.5 2650
1990 104 126 193 977.5 73.5 842.5 116.5 | 1128.5 | 195.5 25 32.5 2.5 3817
1991 81 89 99 156.5 52.5 501.5 158 156.5 — — — — 1294
1992 85 470 — — — 353 485.5 179 137.5 2.5 0.5 22 1735
1993 48 25 297.5 | 225.5 389 743.5 66 55.5 45.5 14.5 53 9.5 1972.5
1994 53.5 287.5 150 94 365.5 230 277 1418.5 41 127 — 23.5 | 3067.5
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1999 | 225 | 45 | 237 87 | 5455 | 1895 | 412 | 268 | 625 11 10 | 465 | 1896
2000 | 61 435 | 845 | 696 | 174 | 3685 | 242 | 243 | 565 | 635 | 445 | 865 | 2555
2001 | 1543 | 19.05 | 1083 | 3235 | 5084 | 3735 |597.55 | 127.45 | 3625 | 33.1 | 1315 | 763 |[2697.1
2002 | 61.5 1 63 135 | 2205 | 208 | 4515 | 1115 | 1015 | 495 | 185 89 | 1489
2003 | 36.15 | 31.15 | 16125 | 261.3 | 17235 | 577.35 | 167.15 | 136.55 | 9025 | 27.15 | 152 | 43.15 | 1719
2004 | 365 | 110 | 1235 203 | 160 90 | 1273 | 930 | 1215 | 47 1 365 | 3132
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FLO-2D 5 O’Brien (1988) #73% d1z2 -k 3 7% Zdctd > 1
b AR ¢ L 5 UL & (central finite difference scheme ) #xc
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(5)F - BRfrEnF el $EdG - @ -
2. FLO-2D #5752 "4 5 2 % ¢

(B3R 3 RA S - A 0 20 2R 0 27U &k 05 4 B

4-3



EEE I
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t: pER

i 4% a5 R (m/sec)
Vet X #h= w 2. T 3ok
Vo i Y b= 2. T 3050

h: i iF®R

4.3.2 FH 3 4230

R R IS A S IER ST T L Sl A

oh v.ov. V,ov. 1 oy,
Sp=8Sp———— () —— () ——(—=
ox g oOox g Oy g o o (4-2)
oh VvV, oV, V.oV
Sp=8Spy————(—)——(—=
d g Oy g X g O (4-3)
He g i €4 seid B
S_/x;{ Ss DB R
Sox}i S()y : }%H‘Qﬂﬂg
F 4285843 A% 5 xghE y st o bR A TR # S fRs

# 4 A ;% (dynamic wavemodel ) 2 & > /28148 > H & 7 = & 7]
ittt R od 21 F R BEEE ARHEE VR
AR RS P R AR BRI ok 0 4eiE & IE o PR B3 (diffusion
wave model ) & 4 7% ;% ¥ £ {5 = 38 5 38 #5 ) $i53¢ (kinematic wave model )
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O 'Brien and Julien (1985) 3% 3-7 - 2 * >3 2 /7K~ 2 i



3R R RN e N 44 BOER AR AT R 4 T P A

o

FoTeFTmd Ty T T H T ettt (4-4)
He

Lot B % R4 (cohesive yield stress)

fme T R -E 5% &+ (Mohr-Coulomb shear stress )

TV:

L3 R+ (viscous shear stress )

P

Lo ¥ynd &4 (turbulent shear stress)

fa @ @y T B+ (dispersive shear stress )
O > Brien and Julien #-3¢ 4-4 2 % = :

T g3 R4 (Bingham yield stress)

71 % %4k (%% (Bingham dynamic viscosity )
Vixsy bt et 2 nig

Pnt 3 2o R

Pot 4 2ind? A BAE

I': Prandtl £ B %4 > Julienetal. (1991) ik [=0.4A

h: 3 zinimd i BR
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CATRRT  EAE (1999) B di=da (¢ )
% . %2 % ¥ > Takahashi (1980) i3k & 0.01
Cotappd® b 2RPF2 b X WA LR

3 (4-5)2 iR RS BT W 4-3 ¢ ORR R 2 - 46

U el

v (avY e
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7 dz
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dz
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& av  (avY
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4 ’ ndz [dz)
T

T X dvidz
Bl 4-3 B8 EN 2P RS BT 52 4 hed 2 (O’Brien and Julien,
1985 R 33 p O’Brien et al., 1993)
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342 SRES B BFABEUAERM R4
(FLO-2D i * £ > 2003)

Yield Stress and Viscosity as a Function of Sediment Concentration

Source n=a he Ty = Q2 e C
ai B a» b
Field Data
Aspen Pitl 0.181 25.7 0.036 22.1
Aspen Pit2 2.72 10.4 0.0538 14.5
Aspen
Natural Soil 0.152 18.7 0.00136 28.4
Aspen Mine | 473 21.1 0.128 12
Fill
Aspen
Watershed 0.0383 19.6 0.000495 27.1
Aspen Mine 0.291 14.3 0.000201 33.1
Source Area
Glenwoodl 0.0345 20.1 0.00283 23
Glenwood?2 0.0765 16.9 0.0648 6.2
Glenwood3 0.000707 29.8 0.00632 19.9
Glenwood4 0.00172 29.5 0.000602 33.1
Relationships Available from the Literature
Iida(1938) - - 0.0000373 36.6
Dai et al.
(1980) - - 0.0075 14.39
Kang and
Zhang (1980) 1.75 7.82 0.0405 8.29
Qian et al. 0.00136 21.2 - -
(1980) 0.05 15.48 - -
Chien and Ma
(1958) 0.0588 19.1-32.7 - -
: 0.166 25.6 - -
Fei (1981) 0.0047 222 i i
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PR RIS S ST ox SR RERE S IR i N A W S
B A rE @ ir i 4 LT B % oo

AR KL LA Ry
‘@¥*’ﬁ%ﬁ#WWﬁaﬁw%’f
PHMEARAER FELE -4 2150 8 3
fs o i wad g =R (2002) ordp o el 2 E N, LN L X
wofe

=

1. 2 Zimimd R4

Py

:ay—’”hde
8
He

Py P2 F ookl 4 (ton/m)

a iy d(a ~1)
Vw o 3 pinH = F (Ymd)
g 1 # 4 4uiE B (m/sec?)
3 F o aniFE(m)
Us @ 2 7 imimi# (m/sec)
2. 3 FitE g4
(1)L {4 i fg -

P, =12.0U,*D, (5-11)
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Q)% > EP A

_ % 2
Fim202U0 D5 oo (5-12)
H v
Ud

2 F i (m/sec)
DR S (m)

Bt o~ F R BRELE S foikik P 2UERCR R 3] S g S s

R B R R A A 5200 HAASBCR A 5210 & &~ b
SERL W BN TR NI B 2 R o de
%\' 5-22°

£520 ¥ s BHEL BB LS

AR o B~ R & () Ha B~ 1 & (m/s)
L ANEE 10.12 9.8

ER UK 2.53 1.69

oAk ik 12.54 4.48

e =RE 9.75 12.11

3521 W4 B2 9 F R

21 A(a) 1.0

2R E () 23 (t/m’)
4 4ei R (8) 9.8 (t/m’)
Ei B 2(Dy) 2.0 (m)

%522 2 RonttrE A 2 P E R RS

ST ERY 2Pmbmt =Y i3 1 o E & 4 (ton)
(ton) ZLAE 4 A N &
L ANEE 227.87 813.51 1,249.92
FRPUE 1.69 92.01 151.66
Foadix 59.01 308.20 488.59
fo ZR% 335.24 1,057.65 1,611.33
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X PIMGH 2 LT (V) KT E 4 (H)2 $FEME >
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W 4 & G 4oB) 573 577 0 B 5-74 5 P INBHBED T2 0F
TN

1
i
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|
‘-?:\\
S
=

1N
=

£ P K E (6158kg=6.2t) HHEHER

(8850kg=8.85t) ++ 3.3 /1 A
Hth 3 E—R E £ 3185 R & T720kg/m(0.72/m)

‘_‘ ' ‘_>
H H
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B 5-74 B H BRI MHI T2 FF 3 LG W

W B £E P L RS R P E R

L5 EI® e & 523

4523 L3¢

RC f§ £ 2 & 1260

B i 252

P A 8.85

R £ 42.82

Bl e 70.69

&3 1336.87
1. =84 4
BT T2 4 (V)E
885412604252 ) oh o0 os
(ton)
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2. kT4
()2 7 imimds &4

*l‘k%& Jk l\ﬁﬂF’& ’ 4 Z’/ll /rl /#)irﬁ;)]%m ’:}: ) l}]tb_g
TR E B R RS RTA L 2 kT

P, X2 22787x2
o - 46,5
= (/ )

o, x38 465x3.38
o, = =18.03
n=—s (/)

@3- R

AR ES EREI R AT F o B RREZ)G 125 8 KA
MR H -8 # K B E 0.9 FIRE S 21 M LB
()5 LORFER = R4 BH(Co s 0.15-

LN EEMRHAE B R 1Smo kg T 2 R R
Rfe g ERZKFE RS S EQ=k, W o

4;:Bi; %ifl f?ﬁﬁ:i
k,=ZSIC, =12x0.9x1.0x0.15=0.16>0.10  (OK)
EQ =k, W =0.16x (1260 +25.2 +42.82) =212.48 (ton)

(B)fE* Rz kT4 &4 (H)

H =P, +EQ=3426+212.48 =246.74 (ton)

3. 3 BonTnRE AT S 4LTE 2 SR

M =3426%(3.8/3)=43.4 (t-m)

4. 3 EMRTEL S P E RS R 524577
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% 5-24 dﬁﬁ_fé% ARERERE
I V (t) H (t) M (t-m)
C R 689.85 246.74 43.4

1
i
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=

5.5.2 Mt 4§

PR EE S ke ROl P ER A
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AN

Mo b IRSHE AT BR(V)E AR (0, )2 BAr T T FAH A2
V, °

it h £

=(m-r)Hxy,, =(r-1.25*)x6x2.4=70.69 (ton)

pzle

V, =V +W =689.85 + 70.69 = 760.54 (ton)
2. kT Ak
B ET R B TR () 2 B R (P. ) 2h
WALRLAE — F ARF S (P)2 MR H B (BQ)RTT 5 ip A
2_(H,) °
H =246.74 (ton)
Pf' =P, +P, = 18.03x6+%(46.5—18.03)x6 =193.59 (ton)
Pd = 81351 (ton) (?E—éﬁ'fﬂi‘ﬁi)
EQ=k, W, =0.16x70.69=11.31 (ton)

H, :H+Pf + P, + EQ =246.74+193.59+813.51+11.31=1265.15 (ton)
3. 1F% 3T 2 4
FHRARTLFEF I RSB HETETILRIF T2
(H)~(M)2 Zinind B4 (P )~ EREF 4 (P2 ks R
(EQ) °

M, _246.74% 6+ (18.03% 6)x 3 + 302 18.03)

x6x2+813.51x1+11.31x3+43.4
= 2866.64 (t-m)

4. ) AR 4T P E R R f B0k 525 40T o
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30525 RS P EBERE

TR P LAt A A M=) 4
vV, ® 760.54 760.54
H, () 1265.15 1701.56
M, (t-m) 2866.64 3303.05

5.5.3 /IR =8 1%

R - AR I E ST R A
()~ 2 FIRERBREF I i 2 8ix(s,) > + 3 *1#@; Wh2 kT4 H

i 2 R (6)E 2 BRI R A g 2 2 FHER (S,)
_ N
E=151004 1. ( cmzj

-
64

T 4 6 (1t
EI'=(15100x+/2100)x (—-2.5") =1.33x10
(15100x12100)x (- +2.5°) =133x10° (17 )

He

D’ =%-2.54 =1.92 (m*)

!

f. =210 kg/cm® =2100(t/ m*)
D i #ftz 3 iZ(m)

(D2 Binin R4 9rig = 2 g 12(5)

o, xt* (o0 )xt’ 1 [18.03x6' (46.5-18.03)x6'
= n _ +
REI 30EI  133x10°| 8 30
~3.121x107 (m)
Q)3 TinE @4 hd X2 8 1(5,)
3 2
_Bxa PBxa (fa)= | [BI3SIXE 813S1xr
3EI | 2EI 133x10 3 2
=1.733x10° (m)
(3) 3 BiE2 kT 4 Hosrig % 2 % 2(5)

5__[{x€3_ 246.74x 6°
' 3EI 3x(1.33x10°%)

=13.36x10° (m)
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5 - Mx0*  434x6°
Y 2FI 2(133x10ﬂ

=0.59x10° (m)

(5) B2 Bi=# £ (5,)
0,=0,+0,+0,+0,=188 (cm)<3 (cm) € (OK)

5.54 AR AR ERAR A

ERAE VARV = -0 - R Bk Y VIR & S:P- .
o T y

g ° ' t‘m
ER I S2.0\/2x1 :2_0\/25020;1.92 s )
y .

M, =2866.64 (t-m) >M_, =140.78 (t-m) € (NG) Rt F A |
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