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Table 1 Failure width of typical sections at Jingjiang Reach from
2013 t0o 2014
Wi bo)== JH B Wi bop== B8
Sections Riverbank Failure width/m|| Sections Riverbank Failure width/m
sl 4 Iz 18.9 H#110 IE 41.0
H 11.1 A5 &l 64.9
3 48 kK 9.6 9 H 72.7
3 55 &l 149 37 133 I 38.1
# 61 s 7.1 = 18.1
e Vi 8.5 i H 21.1
- 4 18.9 o 161 I 227
3 84 H 254 A 11.9
jss84 H 454 JIL179 I 8.1
£ 343 I 16.2 JIL181 H 22.5
N ki 81.3 3 182 +H 103
95 5 25.1 3h] 183+ Ik 26.4
3 98 e 19.0 F 11 Lill Ie 22.6
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Sketch map of Jingjiang Reach with locations of bank soil sampling sites
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B2 BRAFEIY (2016.12.02)
Fig. 2 Sites of sampling points (2016.12.02)
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Table 2 Physical and mechanical properties of riverbank soils in Jingjiang Reach

AR +H RIRRE R i fads UBY R
Wi N EA s TEEE I cc Physical properties under natural conditions Shear strength
i = i i P 1%
Sections ey~ Soil  Thickness/m Copdtmd) 0% pdtm®) e 4% c/kPa 9/C)
sample
il 47 U SC 29 129 193 2.0 24.7 1.6 0.7 96.5 9.0 6.5
Jingd7 M sC 13.6 164 346 1.9 345 14 0.9 99.6 5.0 6.0
U sc 3.0 163 302 1.8 34.4 1.4 1.0 95.9 12.0 7.5
¥ 55 21
Jing55 M S8 ) ) ) )
L Ne 5.1 157 227 1.9 35.7 1.4 1.0 99.7 6.5 6.0
U MC 3.6 172 256 1.8 43.0 1.3 12 100.0 5.0 6.5
Jﬁg()Gll M sC 24 140 163 18 366 13 10 96.7 2.0 5.5
L SS 5.1 - - -
¥ 73 U s 1.8 76 159 1.9 35.8 1.4 1.0 99.2 2.0 7.5
Jing73 M MSC 4.8 158 365 1.8 455 12 12 99.3 6.0 6.0
U SC 2.0 123 284 1.9 32.0 1.4 0.9 95.4 10.0 75
gii M MC 1.7 172 380 1.8 429 12 1.2 97.2 2.5 55
L FS 45 - - -
i U ss 238 9.6 147 1.9 27.8 1.5 0.8 89.5 8.0 6.5
AL M SC 14 135 13.1 1.8 38.4 1.3 1.1 95.6 15.0 6.5
Beimenkou
L FS 52 - - - -
U ss 20 64  13.0 1.9 35.5 1.4 1.0 99.4 20.5 6.5
RFH M sc 38 140 382 1.9 31.8 1.4 0.9 95.4 14.0 6.4
Laijiapu
L FS 7.1 - - - - -
B 5 U MSC 5.0 160 211 1.8 4.7 1.3 12 98.3 10.5 6.5
Xiongjiazhou M Ne 4.7 103 176 1.9 36.5 1.4 1.0 98.6 9.0 55

H: URREZE, MEBERPE, LERTEZE, SCABFK L, SS MME, MC AIREF R+, MSC NIEFMFREt, FS AR, ss M+, I, Nitkds
B, CCNFREE, py FIBELE, o NEKE, poHTEE, e NILK, SONEME, ¢ ARE, o HREESM.

Notes: U=upper layer, M=middle layer, L=lower layer, SC=silty clay, SS=silty sand, MC=mucky clay, MSC=muddy silty clay, FS=fine sand, ss=silty soil, /,=plasticity
index, CC=clay content, p,=wet density, w= water content, ps= dry density, e=pore ratio, S,=saturation, c=cohesion, g=internal friction angle.
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Fig.3 Vertical stratification structures of typical riverbank soils
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Fig.4 Relationships between water content and shear strength at
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Fig.5 Relationships between shear strength and water content of
cohesive soil in Jingjiang Reach
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BSTEM #5581 2 ¢y 35 [E] [5 5 e v 52 56 = 32 HH (1 A 40
R R R AR ME AR Y, R 2 MR AR,
A3 9T R R PR (BSMD FII I il He (TEMD
ZAAE T EXCEL i 21817, H A BSM A =22
T8 I B PRSP AT AR B I AN 4 A R F, (factor of
safety) , M/ HTIA] EFa e ;s TEM BEELE B R TE 53
A ) i R S S R Pl e CELHEIRT R 3B VAT IR
PRRUERD 5 AR T I B R T B V] e 1 3 R R
Wi 24 AR B BSTEM R A% E3RIVT IR B3 34 W
T A7 FRHEAT 7R, HRAE 2009 7K SCAFE A 5 A SRS
RELE TN 2010 7K SCHE IR 9 SRR AT B0, I
2010 4 ST R 3 T AS KU S, AT IR 0E, RIS
5 S R T A I, B BSTEM #8858 - JRIV T3]
BURERL. T L, ASCRA BSTEM AALS T R 450
T A R O AR R AT A ASEADL AR T B3 D0 DA [R] 7K A7 I 34 11
TR AR
4.1 F. iBER TR AT EREEITE

Syt bRV B B 36 61 Wi AN R SRV B A kT
FIBT I 7E 2013 7K ST RIAG KA kKA oK ATR 7K
SUTIU A S0 1 e B e Rl B R R AT R B, THESE R
R 3o PRI, AT R AR I S U 4 S R
+ 7=05 N/m?, AEREPEL 7=0.06N/m*. R 2 B 3
BSTEM AR k=2x1072" HEATAEE, 4 5115 2R
+ k~0.1 em®/(N's) em®/(N's), A1 £~0.4 c®/(N's);
THE Y BRI, 5 RN AE E AR A RN A, i
HHY S TRE R R ECN 0.02~0.031, 3 F<1.0, BRI
AasE, BHRAERE: £ 1.0<F<13, WU EN%
{F27E (conditionally stable) , LRI F2 475 AT BE & A2 1 353 5
HF>13, W RRE, —BAS KRR R,

Fz3 2013 FHl 61 (A WEALLTO (HAF) BEIREAR A FREHITEER
Table 3 Results of toe erosion and bank stability for both left bank at Jing61 section and right bank at Beimenkou section in 2013

I B Toe erosion AT R R 1 Bank stability
" N TATE I E T IE RIE [
W ME M s kb KRR RRRwemmc LR mmwr s
Sections Period Duration/h mm : Shear stress/ . Factorof /U™ Failure Failure volume/
( ) Elevation/m N quantity/ ST Failure iy P
‘m E safety F wi m m’m
(mm™) or not
7K A 2544 0.000 03 30.13 1.38 129.41 9.82 &
] k7K HA 1464 0.000 04 32.29 1.59 124.10 2.06 & - -
ﬁgl HE7KHA 3672 0.000 04 35.41 231 154.50 0.13 = 5.75 127.60
1B7KHA 1104 0.000 04 30.28 1.76 65.23 0.14 = 1.47 26.40
it 473.24 7.22 154.00
K 2544 0.000 03 27.32 1.08 125.80 235 E
kK 1464 0.000 04 30.41 1.23 109.30 221 E - -
Bjii'lgnfou MK A 3672 0.000 04 34.07 251 114.02 0.43 =S 4.09 60.90
1B7KHA 1104 0.000 04 29.45 1.76 59.50 0.86 = 15.62 113.20
At 408.62 19.71 174.10
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(7.10 m) #HZ 0.12 m, FHXHEZER 1.69%; LI
R R AE A 19.71 m, S2PR AR % FE N 19.0 m,
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4.2.1 HKRELH EHXEZ
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Influence of dry-wet alternation condition on mechanical properties

of riverbank soil for typical sections in Jingjiang Reach of Yangtze River
Wang Jun', Zong Quanli***, Yue Hongyan', Liu Zhaoxi’
(1. River Department, Changjiang River Scientific Research Institute, Wuhan 430010, China;
2. School of Resource and Environment, Qingdao Agricultural University, Qingdao 266109, China;
3. College of Water Conservancy and Architectural Engineering, Shihezi University, Shihezi 832000, China)

Abstract: The dynamic change of water level in a hydrological year can keep riverbank soil in the state of alternating dry and
wet. The variety of water content of riverbank soil can change the mechanical properties of soil to a certain extent, which can
affect riverbank stability. In order to investigate quantitatively the influence of dry-wet alternation condition on mechanical
properties of riverbank clay soil, a field observation and sampling were first conducted at eight typical riverbanks in upper and
lower Jingjiang Reach, which the clay soil of the typical riverbanks in Jingjiang Reach of the Yangtze River was taken as the
study area. Through a comprehensive analysis of measured data, indoor soil tests and BSTEM simulation, the composition and
mechanical properties of these samples were obtained, which indicated that the vertical soil composition of riverbank was
characterized by a typical composite structure of non-cohesive lower bank and cohesive upper bank. The indoor soil test results
revealed the quantitative change of soil mechanics with dry-wet alternation condition, and a close relationship between water
content and shear strength indicators was obtained. With an increase of water content, the cohesion first increased and then
decreased, with the peak values of 21 kPa and 34 kPa for the critical water content of 16.0% and 22.8% at Jing 61 and
Beimenkou sections, and eventually reached a constant, while internal friction angel decreased significantly. Considering the
dry-wet alternation condition of riverbank soil and the change of river water level in a hydrological year, the degrees of
riverbank stability at Jing 61 and Beimenkou sections were analyzed during four different water level periods using BSTEM,
and the process of bank failure of two sections were simulated in 2013. The results indicated that: the model-predicted results
of the total bank retreat width were in close agreement with the measured data with the relative errors 1.69% and 3.74%,
respectively. At the same time, the safety factors under different dry and wet conditions were calculated based on the BSTEM
simulated results of two typical sections. The relationship between safety factor and water content was obtained, which
indicated the safety factor first increased and then decreased with an increase of water content. It was consistent with the
relationship between soil cohesive and water content which proved that the soil cohesive has an important influence on the
stability of river bank. Quantitative relationships between safety factors and cohesive and internal friction angle of two typical
sections were identified, respectively, and the correlation coefficients were 0.980 and 0.876 for Jing 61 section, and 0.992 and
0.986 for Beimenkou section, respectively. The relationships between them were linear function from which the safety factors
increased with the increase of the cohesive and internal friction angle, respectively. Thus, a conclusion can be drawn that the
safety factor was mainly affected by soil cohesive under different dry and wet conditions. For actual project, when water
content of the riverbank soil was obtained, the cohesive and internal friction angle of soil can be calculated by proposed
formulas, thereby the safety factor of riverbank can be calculated and the stability of river bank can be identified.

Keywords: soils; mechanical properties; dry-wet alternation; cohesive riverbank; BSTEM model; Jingjiang



