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Development and Application of 1-D Soft Bedrock

Incision Numerical Model

Student: Po-Chieh Liu Advisor: Keh-Chia Yeh

Institute of Civil Engineering
National Chiao Tung University

Abstract

In the present numerical study on channel migration, discussion
and handling with incision of river course is mostly limited to
alluvium rivers, lacking research for rock bed and banks. River
incision is severe when rock.béed and-banks are young rock stratums
or well developed joints.“There are many achievements with erosion
mechanisms of rock beds,-but integration of erosion mechanisms
with numerical modg¢ls is few. Commonly seen numerical models
like HEC-6, GSTARS, NETSTARS, and CCHE1D, do not have the
capability to simulatessoft bedrock erosion.

This study relies”.on the "development. of soft bedrock river
incision module, which*include hydraulic scouring and sediment
abrasion mechanisms. Soft bedrock “incision module calculates soft
bedrock incision rate and capacity. Combing the incision
mechanisms with the EFAID, a one dimensional numerical is
developed to simulate soft bedrock incision phenomenon.

This study first tests the physical factuality of soft bedrock
incision model with fictitious cases. Furthermore, Ta-An River in
Taiwan 1s selected as the study reach, and the cross sections
measured in different years are used for the model calibration and
validation. Simulation results show that river migration tendency can
be well predicted after combining the soft bedrock incision module.

Keywords: Soft bedrock incision, EFA, numerical model, Ta-An
River
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2-3-7 & * ZAc g (Yuichi et al., 2007)
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7R

KOERER RS A kT TR RN A

SORPARL AREE 2 KR e BN A N e
5" =(z,, E, Bioeeos cx, S s Fil £ (3-12)
B HER R
—=n+l

5" = (8ys Saps Sopuy) T k=12,...,1K (3-13)

;}i\ LA k F‘Af——/{m S\’E‘& *’r‘%&uo El %'E /a}%ﬁ'ﬂ}?/?ﬁﬂi T';%J;ﬂ'_f(‘\ ~ TR
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BB G PP AT REP R SH O NS S N T Rt

30



% #*iE Annandale (2006)z -k # #4442 Sklar and Dietrich
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ASTM D-7012 & 2 2% f& 17 - Kirsten ¥3°32 5 M,z 3 38 £ 38 40T

0.78C (UCS)"* <10M.
M = (Ucs)*,ucs <10MPa (3-22)
C,.(UCS),UCS >10MPa

. S v s ol
iﬂq=ﬁ’&%ﬁﬁ%1“ﬁ°
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Ap 3 re 4 & o] > Kirsten ¥t Kyt 5 3 ;840 #1571
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imig(m/s) ;T A TER NI E R R L TS (N/mY) 5 g 5 B E PR TR
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_| Purlp (K ( RJ (3-27)

T.
‘ 7.66
R p AR AGgM) IR kY Limm) kB AnEHERER A
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Sklar and Dietrich (2004)i2 & Foley (1980)32.% & > & 11k 7) B4

et
5P O E, Rt EEAE T () g 5 B R R 2 B £ (kg/m/s) s g,
ZH PR 313?]4?; i 4 (kg/m/s) s wy & R R)IERZ g B (m/s) s Y
BB RS R(Pa) s ky 5 A5 R S 3 Sk 43 107~107
ZRERET orh i E%ES BREP); L 5 RIS E B (M) -

N(3-28)¢ BN I Y S H AR R o2 B F Y MR

S BT o m R RIE R e Bk R I, ¥ R RS kdE 6 £ B L, Sklar and
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(3287 2 (1—qs/q) P F el 40 2 RE%RK g q~ ¥
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transport rate) » & & ﬁ%ll/) it # (sediment transport capacity) o & #c
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% 2-1 £ FH#3% R & (JE4 P Annandale, 1995)

ok 5 R e ()

EEHR & [ 5 & 55 & UCS(MPa) M
o B # <1.7 0. 89
1.7~3.3 1. 86
W 3.3~6.6 3. 90
6.6~13.2 8. 39
H A L 3.2~28--4 17.70
Al # 26.4~33. 0 35. 0
53.0~106.0 70.0
oA # >212:0 280. 0
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% 2-2 %% Fp 31?1 ~ Z ﬁi%] J @ (4 4 p Sklar and Dietrich, 2004)

Reference Site Model Input and Output Values

Value
Model Inputs
Channel slope S 0.0053
Discharge Qy, 39.1 m3/s
Grain diameter Dy 0.060 m
Sediment supply Qs 42.6 kg/s
Channel width W 18.0 m
Roughness n 0.035
Rock tensile strength oy 7.0 MPa
Rock elastic modulus Y 5%10* MPa
Dimensionless rock resistance parameter ky 1*10"?
Nondimensional critical shear stress t.* 0.030
Sediment density ps 2650 kg/m’
Water density py, 1000 kg/m’
Model Outputs

Instantaneous erosion rate.E 20:5 mm/yr
Flow depth Hy, [.Tm
Mean flow velocity uy 2.0 m/s
Froude number Fr 0.62
Transport staget™®/t.* 1.7
Sediment transport capacity Qt 50.2 kg/s
Ratio of shear velocity to fall velocity u*/wf 0.24
Boundary shear stress T, 53.7 Pa
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% 3-1 & 72 2 fic S #ic(3F £ Annandale, 1995)

& 18w e (J,)

& 12 e fic Ju
REHE A S EEEE Y 1.00
e &9/ B 1.22
EET/E 0 YA R LR & 1.50
e &9/ 1.83
3 e G IR/ B o N4 2 AP &I 2.24
ZmEW/HY 2.73
Z B EIR/BE o A A RR e IR 3.34
SRE NP 4.09
EAE e /K 5.00
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# 3-2 &2 5 4o kk S #(dE & p Annandale, 1995)

570 5 e 8 (J))

& T8 A g AT B &5 kA J.
P 50 & 12 B 1 4.00
FEokER A R o R 3.00
EIS
TR Rk 2.00
BB o SEEH
Rk o SR B S 1.50
/T 1 NS HJ\;
o R A AR S T 5 1.50
A
] 1.00
BB T & T 0.50
b
Ed s w2/
E R AR Ak 1.00
s |FERZF R AR
BT - FRAG | g msmy g P
R RFHERME | L
v
Bk
1.00

T ok AR ok Ak
1
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# 3-3 &7 h it $#ic(dFE P Annandale, 1995)

SR d ()

a1 G B4y it 7l a2 B v ARR 2 b (BB ()

1.0(mm) 1.0~5.0(mm) 5.0(mm)

FraEe BH o RESEAFT R 0.75 - --
»>HE L
16 ER o A GG P 1.0 - -

Lo mEHBE LY SR 2.0 2.0 4.0

35 2 dE AR 2 T ehE R 3.0 6.0 10.0
FE

BRI ER B HP B RS 3.0 3.0 10.0
TREFaE LH Y

V-5 SRR F AL A 4.0 8.0 13.0

T2 4.0 8.0 13.0
¢

F ke AR ok (U ) ARS B 5.0 10.0 18.0
P - R A -
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¥ R §192 0F & SRR EE o r
(8= R’) (B R) 1| 12 | 14 | 18
180/0 2 90 1.14 | 120 | 1.24 | 126
89 0.78 | 0.71 | 0.65 | 0.61
W 85 0.73 | 0.66 | 0.61 | 0.57
80 0.67 | 0.60 | 0.55 | 0.52
70 0.56 | 0.50 | 0.46 | 0.43
60 0.50 | 046 | 042 | 0.40
- 50 049 | 046 | 043 | 041
40 0.53 | 049 | 046 | 045
\\ 30 0.63 | 059 | 0.55 | 0.53
20 0.84 | 0.77 | 0.71 | 0.67
10 .25 | 1.10 | 0.98 | 0.90
5 139 | 123 | 1.09 | 1.01
1,50, | 133 | 1.19 | 1.10
0/180 0 1.14=| 1.09 | 1.05 | 1.02
! 0.78| 0.85 | 0.90 | 0.94
o 5 073 | 0.79 | 0.84 | 0.88
-10 067 | 0.72 | 0.78 | 0.81
20 0.56 | 0.62 | 0.66 | 0.69
— -30 0.50 | 0.55 | 0.58 | 0.60
-40 049 | 052 | 0.55 | 0.57
-50 0.53 | 0.56 | 0.59 | 0.61
-60 0.63 | 0.68 | 0.71 | 0.73
-70 0.84 | 091 | 097 | 1.01
-80 126 | 141 | 1.53 | 1.61
-85 139 | 155 | 1.69 | 1.77
-89 150 | 1.68 | 1.82 | 1.91
180/0 % 90 114 | 120 | 1.24 | 126
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241 L AGI R BB T R

% {7 + O~ & (cms/m) T 250K (m)
Run21 0.0236 0.2565
Run22 0.0236 0.251
Run25 0.0194 0.26
Run26 0.0194 0.265
Runl4 0.0683 0.299
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2 4-2 AR RPIEBA P RIER B %

AR R R FEE B R]iFE AR (m)
REONE /S
Original Testl Test? Original Testl Test?

KA e e
4 3 B Kn 200 50C75%) 800(300%) -0. 16 -0. 36(125%) 0. 05(69%)
Feke® & ks 2%d50 1*%d50(50%)  3*%d50(50%) -0. 16 -0.17(6%)  -0.15(6%)

R A
B HE Y 5%10° 4%10°(20%)" ©16%10°C20%) -0. 15 -0.11(26%) -0.22(47%)
EESBRR O 0.84 0. 6(29%) 1. 08(29%) -0.15 -0. 36(140%) -0.06(60%)

Y S HFLE A b

73



ﬁ#‘,l_zl’}.m e EL F o\ . %
P il B EE ‘/E‘J';E.%Eﬂ TR KR
LR 82 & %@ 0~56
L 5 89 8 21~67
=7 h
R E 93 & %rm 0~67
XK 96 & %r®m 0~67
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352 WP Ha RS E B

S /P s JE(m) HE*E Bl
25 16045 0.037
26 16827.5 0.037
27 17433.5 0.037
28 18016.5 0.037
29 18411.2 0.037
30 19107.5 0.037
31 19712.5 0.04
32 20487.5 0.04
33 21150.5 0.04
34 21686.5 0.04
35 22288.5 0.04
36 22855.5 0.04
37 23478.5 0.04
38 24085:5 0.04
39 24641.5 0.04
40 253875 0.04
41 25971.6 0.04
42 264155 0.04
43 27080.5 0.042
44 27703.5 0.042

44.1 28260.5 0.042
45 28628.5 0.042
46 29306.5 0.042

46.1 29845.5 0.042
47 30347.5 0.042
48 30928.5 0.042

48.1 31512.5 0.042
49 31930.5 0.042
50 32446.5 0.045
51 33033.5 0.045
52 33839.5 0.045
53 34653.5 0.045
54 35440.5 0.045
55 35894.5 0.045
56 36853 0.045
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% 5-3

[
+® =

¢
2

LR/ S R

BAEE A Pk RS (mm)

T o 0.73~27.16 | 27.16~85.91 | 85.91~141.78 | 141.78~500
25 0.101 0.206 0.370 1.000
26 0.100 0.164 0.295 1.000
27 0.101 0.171 0.331 1.000
28 0.101 0.185 0.338 1.000
29 0.101 0.175 0.347 1.000
30 0.101 0.177 0.347 1.000
31 0.100 0.175 0.330 1.000
32 0.102 0.213 0.365 1.000
33 0.101 0.219 0.381 1.000
34 0.101 0.220 0.400 1.000
35 0.101 0.217 0.362 1.000
36 0.101 0.185 0.318 1.000
37 0.103 0.248 0.490 1.000
38 0.101 0.219 0.362 1.000
39 0:100 0.162 0.295 1.000
40 0:101 0.200 0.368 1.000
41 0.101 0190 0.324 1.000
42 0.118 0.254 0.394 1.000
43 0.101 0.197 0.332 1.000

44~44 1 0.099 0.184 0.329 1.000
45 0.100 0.167 0.310 1.000
46~46.1 0.099 0.195 0.361 1.000
47 0.099 0.215 0.363 1.000
48~48.1 0.100 0.197 0.345 1.000
49 0.099 0.193 0.410 1.000
50 0.099 0.259 0.478 1.000
51 0.100 0.164 0.295 1.000
52 0.107 0.293 0.440 1.000
53 0.098 0.219 0.363 1.000
54 0.095 0.200 0.317 1.000
55 0.099 0.251 0.438 1.000
56 0.097 0.146 0.268 1.000
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HHEA o * 4 4 He K,
Zone | Pl 4T 50~500
Zone 11 AL 100~200
Zone 111 AT 500~700
Zone IV BT 300~500
Zone V 1K Bk P R 500~700
Zone VI TR 300~500
Zone VII 1 B B 500~700
Zone VIII 300~500

FiE#3 R
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Bl 2-3 5 EaaEasdlr L BEE4S s Whipple et al., 2000)

Cra.ck Growth

Bl 2-4 £ 5 x4 ds 4]0 L B(EE4-p Whipple et al., 2000)
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