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Abstract

The research status and achievements of live tree stump engineering technology at home and
abroad are briefly summarized, and the representative achievements of live tree stump
engineering technology in mechanics mechanism, calculation theory, engineering application
status are briefly described and analyzed. Through the analysis, it is pointed out that live stump
slope protection technology is a slope management technology that can better combine
ecological and structural protection in ecological slope protection technology, but the current live
stump slope protection technology still has problems such as inconsistent calculation theory,
imperfect construction technology, and incomplete engineering application, etc. The research on
the theory, construction technology and engineering practice of live stump slope protection

technology should be strengthened.
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1 INTRODUCTION

In recent years, with the rapid development of
China's economy and society, the domestic field of
infrastructure construction has also been a good
opportunity for development. However, the
advancement of all kinds of infrastructure
construction has also caused the destruction of the
original ecological environment along the road
sections, the construction of engineering
construction has led to a large number of exposed
slopes, making the original vegetation on the slope
environment has been seriously damaged, at the
same time making the native biological
communities have been isolated and blocked,
intensifying the deterioration of the ecological
environment; infrastructure construction is also
accompanied by a large area of slope excavation,
leading to soil erosion in the engineering
environment. In the end, the slope instability leads
to landslide phenomenon, which threatens people's
life and property, so slope management and
research has become an unavoidable problem. The
relevant researches of domestic and foreign scholars
show that plant roots can effectively improve the
shear resistance of soil, thus improving slope
stability and facilitating slope reinforcement and
landslide prevention.

However, due to the many influencing factors of
plant slope fixation, the randomness of root
distribution, the variability of root strength
withplant species and the different construction
methods of plant slope fixation, the mechanical
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mechanism of plant slope fixation is not fully
understood and there is no unified standard for the
quantitative evaluation of plant slope fixation.

Live tree stump slope stabilization engineering
technology is a new type of soil slope protection
technology, which has simple construction method,
fast construction speed, low cost, and the
reinforcing effect on the slope is not constant, but
will be gradually enhanced with the growth and
extension of tree roots. The technology has been
widely used in developed countries due to its good
economic and social benefits, and has also been
applied in recent years in China in the management
and protection of slopes.

This paper discusses the research status and
progress of live tree pile technology at home and
abroad, and provides theoretical basis and reference
for further promotion of live wood pile technology.

2 MECHANICAL STUDY OF THE SLOPE
STABILIZATION MECHANISM OF LIVE TREE
STUMP

2.1 Concept of slope stabilization by live tree
stump

After a period of maintenance, the stump will grow
and develop in the soil. Before the development of
the root system, the function of the stump is similar
to anti-slip stump, and when the stump root system
is completed, the stump root system will wind
withthe slope soil to form a root-soil complex,
when the stump root system plays a reinforcing role
in the soil, it can effectively improve the shear
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strength of the soil, thus improving the stability of
the slope soil, when the stump is buried deeper, the
stump can also inhibit deep slope sliding.

2.2 Mechanism of live tree
reinforcement

The reinforcement mechanism of live tree stump on
the slope soil body is more complicated, and its
influencing factors are numerous, but according to
the summary of previous research, it is mainly
reflected in the following aspects:

(1) The support of the stump itself: The tree trunk
anchors in the soil of the slope play a role similar to
that of an anti-slip pile, resisting the shear stresses
generated by the landslide effect.

(2) Reinforcing effect of lateral roots of live tree
stump on soil body: After maintenance, live tree
stump will develop roots in the soil body to form a
composite root system with the stump, and the
lateral roots have obvious reinforcing effect on the
soil body, which can convert the shear stress in the
soil layer to the tensile stress of the root system, so
as to improve the shear strength of the soil body.

(3) Live tree stump deadweight:The deadweight
load of live tree stumps will increase the positive
stress in the soil slope, thus indirectly increasing the
shear strength of the soil.

(4) Plant transpiration: After the stump grows and
develops, its leaves will produce transpiration and
slow down the rainwater splash erosion, thus
reducing the pore water pressure in the soil and
improving the shear strength of the slope soil body.

stump

Fig.1 Sketch map of live tree stump

2.3 Mechanics of slope stabilization in live tree
piles

The mechanical mechanism of slope fixation of live
tree pile is more complicated, and many scholars at
home and abroad have done a lot of research on the
mechanical mechanism of slope fixation of plant

roots, and have formed more perfect results. At the
same time, the current research found that the
mechanical action mechanism of live wood pile
slope fixation can be roughly divided into two
major aspects, one is the anchoring effect produced
by the pile body, the other is the mechanical
reinforcing effect produced by the fibrous roots
after the growth and development of the pile body.
2.3.1 Anchoring theory

The theory of anchoring has been formed from the
practice of geotechnical engineering since the
1960s, and the current engineering and theoretical
circles are of the opinion that anchoring is
concentrated in the following aspects [1]:
suspension,  combination  beam,  extrusion
reinforcement, and the theory of strengthening the
strength of the surrounding rock.

In their study, Danjon et al [2] regarded the main
roots as "rods" that act as anchor rods in the soil
and the fibrous roots near the main roots as ties that
hold the main roots. The anchoring of the root
system can be divided into three parts: the downhill
fibrous roots mainly bear the soil compressive
stress, the uphill fibrous roots mainly bear the soil
tensile stress, and the vertical main roots are
subjected to the soil shear stress. The slope-fixing
effect of tree roots depends on the action of vertical
roots and uphill fibrous roots, and their resistance to
external forces depends on the material strength of
the roots themselves, which is influenced by their
material strength, soil strength and the bond
strength of the root-soil complex. In their study,
Longfeng and Chen [4] explained the anchoring
effect of plant roots on the slope from the
mechanical interaction mechanism between roots
and slope, analyzed the influence of the mechanical
characteristics of plant roots and root-soil complex
interaction on the root anchoring effect, and
provided reasonable and suggestions on the
selection and configuration of plants on the slope.
Shan Wei and Sun Yuying [5] verified the anchoring
effect of deep roots of plants through field
experiments on hagiotrophs, and concluded that
deep roots of plants can significantly improve the
shear strength of slope soil, and that the anchoring
effect of roots will lead to the shear displacement of
slopes with plant roots is significantly larger than
that of plain soil slopes. He Jinnan [6] studied the
anchoring properties of tree roots to soil and
pointed out in his study that the presence of roots
does play an anchoring role to the slope soil, but the
geometric morphological structure of the root
system and the type of slope soil will have a very
important influence on the anchoring effect of roots.
Zheng Li [7] studied the effect of root anchoring on
slope stability and concluded that the safety factor
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of the slope is influenced by the length of the main
root of the plant, which increases with the increase
of the main root length. Zhang Chaobo [8] studied
the relationship between the root diameter of oil
pine and its tensile properties, and pointed out that
there is a correspondence between the rootstock and
the tensile strength of the root system, and it
becomes a power function relationship, and the
tensile strength, elongation and elastic modulus of
the root system decrease correspondingly with the
larger diameter. Wang Lixian [9] and Song Yun [10]
believe that the thick and deep roots have greater
stiffness, and when the soil around the root system
has a sliding tendency, friction will be generated to
hinder its sliding, at this time, the role of the root
system is similar to an anchor, which can play the
role of anti-slip pile and support wall to resist the
shear stress produced by sliding soil body. Song
Weifeng et al. [11] pointed out in their study that
the anchoring effect produced by the vertical root
system can be divided into three parts: 1) the
hoop-bundle skeleton effect of the vertical root
system on the root-soil complex; 2) the load-sharing
effect of the vertical root system; 3) the stress
transfer and diffusion effect of the wvertical root
system.

K/Aﬁm

Inversion of th

Own Weight

Fig.2 Anchorage mechanism of plant roots on slope

2.3.2 The theory of tendonization

The reinforced theory was proposed by the French
engineer Henri-Vidal in the 1860s and successfully
built the world's first modern reinforced retaining
wall [12-13]. Subsequently, scholars at home and
abroad have done a lot of theoretical research on the
mechanism of reinforced soil action, and have
formed a systematic mechanical theory of
reinforced soil technology. Plant roots can be
regarded as natural soil reinforcing materials, while
root-soil complexes can be regarded as reinforced
soils. The lateral root system formed after the
development of live wood pile mainly plays the role
of stiffening in the soil fixation effect, so the
mechanism of stiffened soil has similarities with the
soil fixation mechanism of the lateral roots of live
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wood pile.

At present, many scholars have done a lot of
research on the reinforcement theory of the root
system, and formed a more perfect theoretical
results. Wu and Waldron [14-16] first proposed the
mechanical calculation model of root system
reinforced soil based on Moore-Cullen strength
criterion, and Wu model proposed that the root-soil
composite shear strength can be expressed in the
form of cohesive force as follows
§=C+otanp+C, .Contribution of root action

strength to soil shear strength through Cg. The
proposed Wu model provides a specific calculation
method for the study of root-soil complex theory,
and can be used to quantitatively evaluate the role
of the root system wunder certain precision
conditions for a specific root network. Wen Wei, Li
Guangyuan et al [18], based on the Wu model
introduced shear depth coefficient and the Wu
model was modified and perfected, to get a new
root-soil interaction stress sketch, to achieve
vertical pressure, shear displacement, shear depth
coefficient and root diameter on the description of
the whole shear process. At the same time in its
study to the short velvet grass root and salt ground
fenugreek root protoplasmic root-soil composite for
the study of the object to carry out shear tests and
bring the test results into the modified model,
through the calculation analysis shows that the
modified model is closer to the test results than the
Wu model, shows that the modified model is better
than the Wu model in the reinforcement calculation.
In the Wu model, the K value is often simplified to
a constant, which is convenient for the prediction of
plant stiffening, but a large number of experiments
also show that the measured value of the root-soil
composite shear strength is often lower than the
calculated value, and the error is mainly due to the
lack of rigor in the simplification of the K wvalue,
Xia Zhenyao. In their study, K values were
analyzed in terms of the internal friction angle, the
initial distribution angle and change of the root
system on the shear surface, and the shear
deformation angle when the root system was
destroyed. Yuanzhan Wang and Xufei Liu [19]
investigated the strength characteristics of in-situ
and remodeled grass root stiffening soils by the
indoor triaxial test method, analyzed the influence
on the soil strength from the perspective of root
content, and compared the strength differences
between the two. The test results showed that when
the root content of the remodeled soil reached 4-6
times that of the original soil, the damage strength
of the remodeled soil and the original soil were
basically similar. Wen Wei, Li Yanrong et al [22]
conducted an experimental study on the stiffening
effect of plant roots on soil under different
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peri-pressures, and dug up the root system of
Dogtooth root in the field and randomly mixed it
with red clay in Hainan to make a root-soil
composite, and conducted a triaxial test on it under
multiple peri-pressures. The shear strength index
and reinforcement effect of the composite were
analyzed and evaluated, and the test data indicated
that there would be a big gap between the analysis
using a large perimeter pressure and the actual
situation in the field, while the shear strength of the
root-soil composite using a small perimeter
pressure in the triaxial test was more in line with
the actual situation. Bu Zongju [23] studied the
influence of horizontal and vertical root systems on
slope stability, analyzed the shallow reinforcement
effect of plant roots, and designed a slope stability
calculation method that can take into account the
soil anisotropy caused by the reinforcement effect
of plants, which shows that different types of plants
with different root systems should be planted at
different locations of the slope to achieve the best
ecological slope protection effect.

2.4 Calculation method of slope stabilization for
live tree stumps

At present, there is no unified theory on the design
and calculation of slope fixation of live tree stumps,
but according to the mechanical mechanism of
slope fixation of live tree stumps, there is a great
similarity between the mechanism and that of forest
tree roots. The theoretical basis of root system soil
consolidation calculation of forest trees, at the same
time the calculation and analysis of live tree stumps
has great significance.

2.4.1 Theory of Main
Calculation

According to the related study [11], the vertical root
system can be simplified as a full-length adhesive
anchor with the main root as the axial axis and the
lateral roots as branches to analyze the mechanical
effect on the surrounding soil, and the anchoring
force of the vertical root system can be calculated
by adding up the friction between the root system
and the surrounding soil.

For any root segment greater d/ than lmm at depth z
below the surface, the root segment indicates a
positive pressure of y. per unit area, where y is

Root Anchorage

the self-consuming weight of the soil. Make the
coefficient of static friction between the root-soil is
4, so that the maximum static friction at this time

is uy, , then the maximum static friction synergy
force on the entire root segment is:
df. =df -cos@=2nr- uy.-dl QD)
In the formula.:

r —Root segment radius;

A =2xr-dl —Surface area of the root segment ;

The projected component of df in the direction of
the plumbing is:

df. =df -cos@=2nr- py.-dl-cos@=2zxr-uy.-dz (2)
From Equation 2, the component of the maximum
static friction force in the direction of the lead
hammer to which any root segment is subjected is
independent of the angle of inclination of the root
system 6.

For the entire root system, if the mean radius of the
roots is such that the distribution function along
depth z is y = P(2) , and the number of roots is such

that the distribution function along depth z
is N =0(z) , then the component of the maximum

static friction of the root system in the lead hammer
direction in the subterranean z — z + dz range is:

S dfz=N-2zruy.-d,=2mur-P(z)-Q(z)-z-dz  (3)

Thus the integral can be given as:
F=["> df. =2muy [ P(2)-Q(2)-zdz  (4)
0

Therefore, the maximum anchoring force of the root
system is:

T=F=27w7T P(z)-0(z) - zdz (5)

Wherein, functions P(z) can be

and QO(z2)
obtained by field measurements combined with data
fitting. According to the above calculation theory,
the maximum anchoring force of the vertical root
system of the forest can be obtained

2.4.2 Root reinforcement calculation theory
There are two main types of views to reveal the
mechanical change mechanism of root-soil
complexes in the study of root reinforcement
calculation theory, namely, frictional reinforcement
theory [24-27] and quasi-adhesion theory. Two
types of theories in the actual principle of action on
the statement there are large differences, frictional
tendon theory is essentially soil-root-soil interaction
principle, that as long as the root strength is large
enough and with the slope of the soil can produce
enough resistance to maintain the stability of the
root-soil complex. The quasi-cohesive force theory
is essentially equivalent to the material principle
[28-29], that the joint action of the root-soil
complex is more complex, not only contains the
shear force of the soil itself, but also contains the
frictional resistance of the root system and the
tensile force, their joint action makes the root-soil
shear strength increase.

Wu.T.H. [14] established a root-soil interaction
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model on the basis of the relevant theories of
material mechanics and soil mechanics according to
Moore's Cullen's theorem, which can be used to
evaluate the root reinforcement more accurately and
quantitatively, and the model follows the following
assumptions.

(1) The root system in the soil
perpendicular to the shear surface.

(2) Root systems in the lower part of the shear
surface can provide sufficient anchorage to ensure
that plant roots are pulled out during the shearing
process.

(3) Consider the root system as an elastomer, which
is subjected to a pulling force that can be
decomposed into forces acting in parallel and
perpendicular shear planes.

(4) The model is based on Moore's Cullen's
Theorem.

From the above assumptions, the root-soil
interaction model can be derived as follows:

remains

F F
Sr:AS+c+0tan(p:[T’+ tan @+ c + o tan @

s n

_AT,sinp N AT, scosf
A 4

s

tan g+ ¢+ otan @ (6)

. A,
:TN(sm,B+cosﬁ)j+c+0'tan(p

s

In the formula:

A, Total cross-sectional area of roots;
A Shear area of the soil.

B ——Shear deflection angle of roots;

T, Tensile strength of roots;

% —The internal friction angle of a prime soil.
Thus, the overall incremental shear strength of the
root system against the soil is:

A T,04
AS =T, (sin S+ cos ftan o) —L= H—=
AS A,T
=27;n,.(sinﬂi+cosﬂitan(p)% @)
Z]-;n[a[
=l.12=——
A

s

3 FINITE ELEMENT NUMERICAL SIMULATION
STUDY OF LIVE TREE STUMPS

Xu Zhonghua and Tong Fengguang [30] conducted
the first analysis of the effect of live stakes on slope
stability using the finite element method and
discussed the influence of the length, number, angle
and root system development of live stakes on slope
stability. The results show that live stakes can
effectively improve slope stability, and the growing
roots will greatly improve the safety factor of the
slope; slope stability is positively correlated with
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the length and number of live stakes in the soil;
there is a best reinforcing position of live stakes in
the vicinity of 0.3 times the slope length from the
foot of the slope; the best reinforcing effect is when
the angle of the live stakes is 550 to the vertical
direction. Song Weifeng, Chen Lihua [31] studied
several key issues in the finite element numerical
simulation of the interaction between tree roots and
soil, and proposed that the growth and development
of trees have obvious spatial and temporal
characteristics, and the time-scale effects of the
mechanical properties of the root-soil interaction
should be considered in the finite element analysis,
and that the finite element analysis of the root-soil
fixation is based on the soil material parameters,
root material parameters, and the time scale of the
root-soil interaction. The final analysis is based on
the friction parameters of the contact surface of the
pile and the root soil, and the reasonableness of
these parameters will affect the final analysis results.
Wang Yun, Fu Wei et al. [32] designed a live wood
pile skeleton vegetation slope protection structure,
and used the finite element method to analyze the
stability characteristics of the structure under
different pile parameters and slope parameters, the
analysis shows that the effect of live wood piles on
slope protection is related to pile length, pile
distance, pile diameter, and number of piles, in
which pile length and pile distance have a
significant influence on slope stability, while pile
diameter and implantation angle have little
influence. There is a certain positive correlation
between the slope protection effect and the slope
rate, and the technical parameters of the live wood
pile slope protection structure are proposed based
on the results of the finite element calculations. Hao
Yuzhi, Zhao Jinyong et al. [33] analyzed the
influence of pile position and pile length on slope
stability by using ABAQUS finite element strength
reduction analysis, and their calculation results
showed that pile position has a great influence on
slope stability, and improper pile position not only
can not play a slope stabilization role, but also will
reduce the stability of the slope. When the sliding
surface is deeper and the pile body is shorter, it is
difficult to extend the pile body to the sliding
surface, and the anti-slip effect is better when the
pile body is positioned at the slope body L=5/8.

4 ENGINEERING APPLICATIONS OF LIVE TREE
STUMPS

The engineering applications of live wood piles are
more common in developed countries in Europe
and the United States, and the research and analysis
of this engineering technology also started earlier,
such as David F. Polster [34] and 1997 made a
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detailed introduction on the engineering
applications of live wood piles on river bank slope
stability, and proposed various forms of live wood
pile application methods in his research, and also
analyzed the application of various types of live
wood piles in different projects. Application
characteristics in the context.J.E. Norris [35] and
others have discussed in detail the ecotechnical
solutions for slope stability and erosion control. In
their study, they proposed that live wood pile
technology is widely used in the stability control of
river slopes, mountain slopes, and road slopes, and
is particularly common in the application of river
slopes, and the form of live wood pile application is
described in detail. Alex Duncan [36] applied live
wood pile technology to a restoration project in the
Austin, Texas, riparian zone in 2012, and the
selection of plant species, the The depth of wood
pile implantation was analyzed in detail. Its
research proves that live wood pile technology is a
low-cost and highly successful technique that can
effectively  replace  traditional  construction
solutions.

In the domestic aspect, some scholars have also
carried out engineering practice on the application
of live tree piles, such as Xiaoping Li et al [37], in
their research, used biological measures such as live
tree piles and geotechnical gabions to repair the
river bank slope of Shanghai airport. The erosion
capacity, soil shear strength, and biodiversity were
all significantly improved. Yue Junsheng [38] and
others applied live stump engineering technology in
the high grade highway soil slope from Yuping to
Tongren, Guizhou Province, for the ecological
protection of the slope, and their engineering
practice results achieved remarkable results, which
proved that the application of live stump technology
in the highway soil slope is feasible, and at the
same time, the live stump technology has obvious
economic advantages, which opened up a new
application pathway for the protection of the
highway slope.

5 PROBLEMS

(1) At present, many scholars have more systematic
research on the mechanics of soil fixation
mechanism of tree roots, and the mechanics of
slope fixation mechanism of tree roots and live
wood pile has greater similarity, has greater
reference significance, but the relevant research on
the mechanics of live wood pile is still to be solved.

(2) The design and calculation method of live wood
pile slope fixation can draw on the anchoring theory
and reinforcement theory for analysis, but still lack
of relevant unified theoretical guidance, which

greatly restricts the promotion of live wood pile
slope fixation technology.

(3) The numerical simulation study of live wood
pile is mostly concentrated on the study of single
pile or single row of piles, lacking the analysis and
study of group pile effect.

(4) The practical application of live wood pile slope
fixing engineering technology is mainly
concentrated on the protection and management of
river bank slopes, and less on the application of
highway slopes and other types of slopes.

(5) The construction method of live wood pile slope
fixing engineering technology is lack of relevant
research, no unified construction process.

(6) There is no relevant experimental analysis of
live wood pile slope fixing engineering technology,
and there is a lack of research on relevant test
methods and test equipment.

6 DEVELOPMENT TREND

Live tree pile slope stabilization engineering
technology has the advantages of convenient
construction, low cost, fast construction speed,
good slope protection effect, etc., and live wood
pile can refer to the design theory of friction pile
and anti-skid pile in the design calculation stage,
which has the possibility of reliable quantitative
analysis, and has a larger development prospect in
the future slope protection project. However, most
of the current research focuses on the numerical
simulation of finite element and engineering
application research, and there is not enough
research on the mechanical mechanism, design
calculation theory, group pile effect, integrated
effect of live wood pile and vegetation, and
construction process of live wood pile. Therefore,
the future development direction of live wood pile
slope stabilization engineering technology is as
follows.

(1) Since the slope stabilization theoretical
calculation of live tree piles is based on the root-soil
mechanical mechanism, it is necessary to further
study the mechanical mechanism of live tree piles
on the basis of the research on the root-soil
stabilization mechanical mechanism of forest trees,
and propose the mechanical mechanism model of
live tree piles.

(2) Based on the calculation theory of friction pile
and anti-slip pile, the design calculation theory of
single pile of live wood pile should be studied in
depth, and the relevant calculation model should be
proposed, and the relevant calculation expressions
should be deduced.

(3) In-depth study on the influence of group pile
effect on slope stability, quantitatively analyze the
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influence law of pile length, pile distance, pile
number and pile position on the change of slope
safety factor, and propose relevant calculation
theory.

(4) Live wood piles can effectively prevent
landslides on shallow slopes, so in the future it is
necessary to deeply study the influence of live
wood piles on the potential sliding surface of slopes,
and explore the influence law of the inhibitory
effect of live wood piles on the potential sliding
surface of slopes.

(5) In-depth research on the test method and test
equipment for the slope stabilization effect of live
wood piles, and demonstrate and analyze the
influence of live wood piles on slope stability from
an experimental point of view.

(6) The construction process of live wood pile slope
stabilization engineering technology is of great
significance to its popularization, so in the future
we need to do in-depth research on the construction
process of live wood pile and propose a unified
construction process.

Summing up the above analysis, we can conclude
that live wood pile slope fixing engineering
technology is a new slope fixing technology with
great application prospect, combining structural
protection theory and ecological protection method.
However, due to the lack of research at this stage,
the promotion of the technology is relatively slow,
although this paper makes a certain outlook for its
future development, but the theoretical research on
how to carry out the live wood pile technology
remains to be further explored.
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