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Tab.1 Regression equations giving the average
elastic modulus as a function of arbor root length
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Note: The gauge length is the standard length of the root system.
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Fig.1 Scanned images of the arbor root system
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Fig.2 Statistics for each arbor root parameter
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Fig.3 Maximum anchoring force of each arbor species at different planting depths



48 A4 B 2 W) X O£ A

2o & 2023 4 3 A

222 BUEEMN TARMRNGHREE XL 3
Kl 4o 2P0 TAR E AR 5138 s M AR R B0 5 3R> M
A, ZTTRRAR. 28~ 2 SV S R R T o > 2830«

F3 AEFARRREERESITHFIEE
Tab. 3 Statistical eigenvalues of the elastic modulus

for the roots of each arbor species
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Fig.4 Variation of elastic modulus with arbor root diameter
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Tab. 4 Soil parameters of the floodplain
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Tab.5 Model parameters for the roots of each arbor species

GELY/piES MR R K fem WABEA/mm  FRHEM  RHEEMR LAY B/ MPa MEL/N =4 75 H/KN-m’!
iR 120/30 2.7/1.51 1 10 161.41/218.11 0.25 12.58
il 100/35/24/15 2.6/1.1 3 30 210.62/200.64 0.25 11.37

T« 22 HORTIARE A R S5 R 2R S5 430 120/30 , AR TERAY TSI SR FH 2 B0 [A] AR R 3 5 161.41/218. 11 AN FIAR 2R 4K J8 of Jo7 11 38t

PR,

Note: The length of the Amygdalus triloba root system in the table is 120/30, so two different root lengths are used in the simulation; 161.41/

218.11 is the elastic modulus corresponding to the root system.
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Tab. 6 Topological structure parameters of the roots for each arbor species
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Fig.5 Schematic diagram of the arbor

planting positions
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Fig. 6 When Cercis chinensis is located at L,/L,=0 point,plastic deformation map of the slope for

different Amygdalus triloba planting positions at the top of the slope
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Effect of Planting Position and Arbor Type on the Anchorage Depth
of the Yongding River Floodplain Embankment

HAN Ji-kun'* , ZHAO Jin-yong', MENG Wen-yuan?, WANG Qi',
ZHANG Jing'!, WANG Wei-jie!, PENG Wen-qi!

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100038, P.R. China;
2. School of Water Conservancy, School of Water Conservancy, North China University of
Water Resources and Electric Power, Zhengzhou 450046, P.R. China)

Abstract: Embankment stability is crucial for ecological restoration and embankment greening. Here,
two banks of the lower Tiantang River in the Yongding River floodplain were selected for investigation.
We explored the effect of arbor type and planting location on revetment effectiveness and overall embank-
ment stability. The objective was to determine the optimal planting scheme at the top and bottom of the
slope to lower the potential hazard of bank collapse due to instability at the foot of the embankment. Four
methods were employed to analyze the root morphology, soil-anchor performance of the root system,
root mechanical characteristics and anchored—slope stability. The methods included root morphological
topology, calculated maximum frictional anchoring force, an empirical model and the ABAQUS finite—
element simulation. From August 31 to October 9, 2020, research on embankment anchoring was carried
out on both banks of the lower Tiantang River, and Cercis chinensis and Amygdalus triloba (10—15 m)
were selected as the test arbor species. Results show that: (1) C. chinensis, with a more well-developed
fibrous root system, provided stronger anchoring than A. triloba. At the same planting depth, the differ-
ence in anchoring strength was 5%—25%. (2) When C. chinensis was planted at the foot of the slope and
A. triloba was planted at the top, 1.8 m from the slope shoulder, the anti—slip anchoring effect on the em-
bankment was strongest, with a safety factor of 2.153. This study demonstrates that arbor planting posi-
tions at the top and bottom of the slope has a coupling effect that stabilizes the silty clay slope. When ar-
bors are planted at the foot of the slope, rhizosphere soil associated with the arbor at the top produces an
effective soil arching effect that stabilizes the embankment.

Key words: ecological revetment; silty clay soil; deep anchorage; planting position; topological index;

finite element



