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Tab.1 Soil parameters for the bank slope model

R mKE, WNIE KR/ B/ R o

+ 1k % B/ kPa kN-m™ f&/MPa
WU E 8 18 15 23.0 100 0.30
WHIT 18 11 12 26.2 45 0.35
KOILLF 20 16 14 25.4 75 0.30
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Tab.2 Parameters for the root model
HY  WEK WRVY FR SO BRI
¥ E/em HA/mm B/ B/ &/MPa I

o AR 30 0.25 1 4 1400 0.25
%58 60 2 1 6 600 0.25
it 100/150/200 4/5/6 1 8/10180/150/120 0.25

T R PR R E R 100/150/200, 38 46 BT 5T 1 5%
3 AR A AR R K B 5 180/150/120 S AR Z- % N 1) L 1 AR i

Note: The length of the elm root system in the table is 100/
150/200, which means that three different root lengths are used in
the simulation calculation; 180/150/120 is the elastic modulus corre-

sponding to the root system.
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Fig.1 Scan pictures of the three typical vegetation root system
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Fig.2 Relationship between shear strength of three
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bank slope soils and soil depth
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Effect of Plant Roots on River Bank Stabilization after Composite Vegetation Planting
HAO You-zhi"?, ZHAO Jin-yong', LU Ming’, WANG Qi'» PENG Wen-qi' » CHEN Zhuo'

(1.China Institute of Water Resources and Hydropower Research, Beijing 100036,P.R.China;
2.Nanjing Hydraulic Research Institute, Nanjing 210009,P.R.China;
3.Hebei University of Engineering, Handan 056038,P.R.China)

Abstract: The effect of roots on soil stabilization and revetment in ecological restoration is difficult to
measure and control. In this investigation, exposed banks of the Lianshi Lake section of Yongding River in
Beijing were chosen to study the quantitative effect of the plant root system on bank slope stability using a
herb-shrub-tree pattern of vegetation. In this study, Cynodon dactylon (Bermuda grass) was selected as
the herb, Forsythia suspensa (weeping forsythia) as the shrub and Ulmus pumila (Siberian elm) as the
tree. Root system parameters measured included the morphological distribution and characteristics of the
typical herbs, shrubs, and trees planted on the ecological slope. The shallow stability of the bank slope
was calculated and analyzed based on the established mechanical model of root reinforcement, developed u-
sing the limit equilibrium method based on reinforcement theory. The overall stability of the river bank
slope was calculated by the ABAQUS finite element model based on the strength reduction principle. Re-
sults show that root reinforcement by the herbs and shrubs improved the cohesion, shear strength and sta-
bility of the shallow soil on the river bank. The reinforcement provided by herb and shrub roots on the o-
verall stability of the river bank was much smaller than the anchoring effect of the tree roots. The planting
of trees at the foot of the slope was most beneficial to the improvement of the bank slope stability, and the
safety factor of the bank slope increased by 5.16%. Tree root length was an important factor for overall
bank slope stability. When the root length increased from 1 m to 3 m, the overall stability safety factor of
the ecological bank slope, respectively increased by 1.25% and 14.2% compared to the bank without vege-
tation. Further, the enhancement effect gradually increased with root length. When the water level
changed, the stability factor of the ecological bank increased by up to 7.87 % compared to the bank without
vegetation. Thus, the reinforcement and anchoring effect of the root system on bank soils can be better es-
timated by calculating the shallow and overall stability of the river bank. These results provide a reference
for configuring the vegetation types during the design phase of ecological bank protection projects.

Key words: ecological revetment; vegetation root system; limit equilibrium method; finite element; bank

slope stability



