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Research on measurement system of soil erosion characteristics for barrier lake study
on the measurement system of the erosion characteristics of the earth material

in the barrier lake
WANG Lin, LI Yanlong, WU Yumiao
(State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China, Xi’an university of Technology,
Xi’an 710048, China)

Abstract: In recent years, the barrier lakes in China have shown a trend of large-scale, high fre-
quency, mass occurrence, and increasing risk. The barrier lake, if out of control, will pose a
great threat to the downstream. Erosion is one of the main factors of landslide and instability of
the barrier lake. A quantitative analysis of erosion process is an important challenge to revealing
the erosion characteristics of dammed lake soil. To quantitatively measure the soil erosion charac-
teristics of the barrier lake including the critical shear stress and the erosion rate, a new measure-
ment system is proposed. The measurement system contains a cylindrical erosion test apparatus
(CETA) and a method for calculating shearing stress. The CETA is designed to measure the re-
lationship between the velocity and erosion rate, which is mainly composed of a structure system.,
a transmission system, an erosion test system, a desilting circulatory system, and a control and
data acquisition system. By the proposed new method, single-size soil samples from the Yigong
landslide-barrier dam-lake have been collected for erosion tests. It is noted that the erosion rate
from the apparatus is reliable, which is at the same order as that of the experimental results by
Briaud. This apparatus can be utilized to analyze the shear stress. The hyperbolic relationship be-
tween erosion rate and shear stress is found by proposing the accurate calculation method of shear
stress, providing a technical reference for the analysis of dam break flood.
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Tab.1 Calibration results of four points 1, 4, 7, 10
RIS R 358 45 3
) 1 4 7 10
Cres D Py RO/ T/ BOKWE/ TG/ BT/ TR R/

(mes D (m+*s) (mes') (mes') (m+*s) (mes) (mes') (mes ")

0.30 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.2
0.39 0.2 0.2 0.1 0.2 0.1 0.2 0.2 0.2
0. 49 0.2 0.3 0.2 0.2 0.2 0.3 0.2 0.3
0.58 0.3 0.4 0.3 0.4 0.3 0.4 0.3 0.4
0.68 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
0.82 0.4 0.5 0.4 0.5 0.4 0.5 0.4 0.5
0.91 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1.01 0.6 0.7 0.6 0.6 0.6 0.7 0.6 0.7
1.20 0.7 0.8 0.6 0.7 0.7 0.8 0.7 0.8
1.48 0.8 0.9 0.8 0.8 0.8 0.9 0.8 0.9
2.00 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
2.50 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

F2 2.5.8.11 WA MMRELER
Tab. 2 Calibration results of four points 2, 5, 8, 11
TR A5 TR A i 2 S
)/ 2 5 8 11
(s Py RO/ PR/ ROKWE/ P/ ROKWE/ PR/ AR/

(mes ) (mes) (mes) (mes) (mes) (mes ') (mes ) (mes )

0.30 0.2 0.2 0.1 0.2 0.1 0.2 0.1 0.2
0.39 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
0. 49 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3
0.58 0.3 0.4 0.3 0.4 0.3 0.4 0.3 0.4
0.68 0.4 0.4 0.4 0.4 0.4 0.5 0.4 0.5
0.82 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6
0.91 0.6 0.6 0.5 0.6 0.6 0.6 0.6 0.7
1.01 0.7 0.7 0.6 0.7 0.6 0.7 0.7 0.7
1. 20 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8
1.48 1.0 1.1 1.0 1.0 1.0 1.1 1.0 1.1
2.00 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
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Tab. 3 Calibration results of four points 3, 6, 9, 12

R A2 B 5 4

s i/ 3 6 9 12
(res™D pyyys/ BoAWE/ FRWE/ B/ PR/ BORWE/ T/ B/
(mes " (mesH (me+s" (mes') (mes") (mes) (mes (mes ")
0.30 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
0. 39 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.2
0.49 0.1 0.2 0.1 0.2 0.1 0.2 0.2 0.2
0.58 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3
0.68 0.2 0.3 0.2 0.2 0.3 0.3 0.3 0.3
0. 82 0.3 0.4 0.2 0.3 0.3 0.4 0.4 0.4
0.91 0.3 0.4 0.4 0.4 0.3 0.4 0.4 0.4
1.01 0.4 0.5 0.4 0.5 0.4 0.5 0.4 0.5
1. 20 0.5 0.6 0.5 0.5 0.6 0.7 0.6 0.7
1.48 0.7 0.8 0.6 0.7 0.6 0.7 0.8 0.8
2.00 0.7 0.8 0.7 0.8 0.8 0.9 1.1 1.1
2.50 0.8 0.9 1.0 1.1 0.9 1.0 1.3 1.3

EFREN R, R T WK EZ D, WA 200
P 6) Ak iR 24 B S a3 Sl 1 IB AR P T I R
Gy AR S M o Kt U B8 O e 0 O e 5 B, oK R
G A FE L H A XS T R A AL R e, R 2 6
9 URE d 6 R Bl OB e O ARG 25,811 A
I UL P 6) 5 K 0 {1 °F- (L 459 31 7 o 50K
W E AR, HmA RN

vy =0.6792—0.0103 @)

Ay HIEH PO HEMA (m « s ') s AL
B EH(me s D,
2.2 MBI AWHERE

SCHR 18 1IN 7 JC 1 5 2 000 43t i okt 25 1 5 j )
AIAE LT JscA R0 B AR 7 22 8 Moody Bl (L
P 7) S0 )

0.09 i Wholly turbulent
\ holly turbulent flow
0.08 \(/
\
0.05
0.07 X
\\\.; 004
\
006 D 0.03
s \‘
0.05 \L 0.02
e 0.015
0. \
04 0.010
TS 0.008
< 0.006
0.03 \ \
=~ \ N 0.004 «|Q
1 | .
0.025f AT \
o 0.002
L} | N
0.020f \ | b0t
Laminay |} o 0.0006
ow i 0.0004
0.015F | L S
Smooth”” ~ 0.0002
Transition range oy 0.0001
S, <
o010k = 0.00005
<.
0.009}- N
0.008 - — 0.00001

10'

L Ll 1 L1 | 11|
2(10°) 4 682010 468 | 2(10°) 4 6x| 2(10° 4

10" 10° 10°
PVD
e

7

Fig. 7

Moody Kl
Moody chart

Il Il
(,xl 2(10) 4 68
10’

A F 58 % (8] 7 28 ok 3 6 38 4% R T Briaudt
B R R A R

_ 1 2
T = 8fpwV

2o o MBI ST (N - miz);(owjjﬂ(ﬂ/ﬂ%ﬁ‘E(l 000 kg
m )V BB £ ORI R

AR Moody [#IHY 3 &% /R, . % CAH %

RERE B, 15 RLBE 710 70 28 Hh A 249 B2 /48 0 AR )

(2

E o
Reynolds $t RTE AR N .
R =P (3)
v

KD HEE MK I EHAR ;v AKTE 25°CHF 1z 3l
KiEC1I0 " m® « s ). KIJHKE D AHKITFERER
1) 4 A%, 7K 72142 e U 2l AR R DA A ke e
WA ERR N

D = 2ab/(a+b) 1)
Nk HHESLE R
_ 2ab 2329 _
T (at+b) 214 0. 1088 (5
4 R.>>100 000 i, HIEFE Moody E 1 -8 X
N ) BRI R f .
M R.<C100 000 Y, H .
0. 316

7 A2 Blasius 72, 20 (6) AT 1580 B 8 R 4L,
AWl ]l Moody EI 2] .



312 PH 22 1 TR 2322 4R (20200 45 36 55 3 1

3 REERWIE

U T 8, 1 1 & BT 1Y) G ol e D - R R o okt i
¥ .Ds, =8 mm,Ds, =10 mm, 501 R 3 H R
1075 cm® F1 1 085 em® , Z5 R ILE 9, R h KK
SREZFEST R 1. 845 g/em® F1 1. 585 g/em® . KR K
55 em, Wl E SOk BN A IE] PN A RHRE Bk b
) 1 B, R s 4R I AE 4. 00 kg Al 3. 72 kg,

0 L 1 1 J

100 10 1 0.1 0.01
FLit/mm

(a) Dy,=8 mm

0 L L L ]
100 10 1 0.1 0.01
LA /mm
(b) D;,=10 mm

&8 By ot Aok i 50 2 i il £
Fig. 8 Gain size distributions of two Yigong

landslide dam materials

=0.10F aa

0.02} Ak A
0 0.5 1.0 1.5
Vim +s™)
(a) D4,=8 mm

0.141
_0a2p a
010}
§ 0.08]
5 0.06}
Hooal
2004

0.02} Las

0

0 02 04 06 08 10 12 14
Vim +s™")
(b) Dy;=10 mm

B9 HLRDRE A2 G0 C i o 3R

Fig. 9 Erosion rate of particle size gradation
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Tab.4 Erosion rate of particle size gradation D;, =8 mm

RS+ ARG/ s 1] / B Tl 4 o il AH/  AH-Ac '/ SEBRE/
/g (mes ) s 7K TH/g TH/g cm (ecm s ') (mes )
3125 0. 83 40.0 0.088 2 850,174 1 149. 826 0. 580 0.014 0.553
3175 1.02 30.0 0.095 2 874,777 1125.223 0. 567 0.019 0. 682
1165 1. 20 22.5 0.098 1 051. 263 2 948.737 1. 487 0.066 0. 805
4 150 0.63 90.0 0.097 3 747. 549 252. 451 0.127 0. 001 0.417
2 265 1. 11 20.0 0.103 2 030. 655 1 969. 345 0.993 0. 050 0.743
2 680 0.92 43.0 0.084 2 454. 800 1 545. 200 0.779 0.018 0.614
2 150 1. 34 14.0 0.108 1 917.656 2 082. 344 1. 050 0.075 0. 900
1270 1. 59 15.0 0.123 1 113.784 2 886.216 1. 455 0. 097 1. 069
1 810 1.78 7.0 0.115 1 602. 607 2 397.393 1. 209 0.173 1.198
1750 1.78 7.0 0.121 1539.071 2 460. 929 1. 241 0.177 1.198
2 000 1. 68 11.0 0. 080 1.839.732 2 160. 268 1. 089 0.099 1. 130

%:2 > *ﬁ?é%&ﬁﬂ D;, =10 mm W?E%

Tab.5 Erosion rate of particle size gradation D;, =10 mm
el E o AR/ A ] / BE Tl 4% o ] AH/  AH - At'/ SEhREE/
+WE/g (mes ) s IK R TH/g TH/g cm (ecme+s ) (mes ")
1789 1.69 14.0 0.072 1 660.033 2 059.967 1.198 0.086 1.137
1910 1.59 9.0 0.084 1 749. 587 1 970.413 1. 146 0.127 1. 069
1135 1.49 12.8 0.056 1 071.538 2 648. 462 1. 540 0.120 1.001
1 650 1.34 14.0 0.041 1 582. 862 2 137.138 1.243 0.089 0. 900
2 750 1.02 40.0 0. 046 2 623.726 1 096. 274 0.637 0.016 0.682
2 700 0.92 43.0 0.037 2 600. 282 1119.718 0.651 0.015 0.614
1 850 1. 20 22.5 0.041 1774.362 1 945. 638 1.131 0. 050 0. 805
3 050 0. 80 40.0 0.035 2 942.508 777.492 0.452 0.011 0.533
3.2 HmETA A £ 6 Dso =238 mm B pjrisk B BE 5wk Y 1 7 B 06 R
S W EFA &AL B #HmNEFIE, i Tab. 6 Relationship between velocity and
%&ETKEJ ,%%Q&ﬁ(Z)N(ES)“LT%:?g@j] 9jT7TéJEH@U3 critical shear stress in D;; =8 mm
R T e o o R N BT R ) ¢ Z R BB/ Cme s D WEE Cemes D WA/ (Nm O
RFR, Howish ia B el 3R o ek 5 ) 22 E) 6 &R 0.553 0.014 0.773
WG HIE T 0. 682 0.019 1.116
y vy y s N N 5 . 1.
o O 1 e 09 0 9 B K R 8 TR - 80 0. 000 199
" NI 0.417 0.001 0.472
D5, =8 mm Hj*ﬁﬁ%%j‘jﬂﬂ?
0. 08491 0.743 0. 050 1. 297
y:O.13571—% D) 0.614 0.018 0.929
N e N 0. 900 0.075 1. 810
M Dy =10 mm B FE 5 MU T . _
1. 069 0.097 3. 859
. 101
y = ().13167—m (10) 1.198 0.173 4,846
T
1.198 0.177 4. 846
o AW BTN SJ(N e m™ 2) 5y HEEE(me-s 1),
A e KRB L1 ¥ N 1. 130 0. 099 4.313
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Tab. 7 Relationship between velocity and critical

shear stress in D5, =10 mm
B/ (me s WikE/(cmes ') B FH/(Nem ?)
1.137 0. 086 4.688
1. 069 0.127 4. 145
1. 001 0.120 3.635
0.900 0. 089 1. 810
0.682 0.016 1. 116
0.614 0.015 0.929
0. 805 0. 050 1.489
0.533 0.011 0.724
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and erosion rate of dam-lake soil
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