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Abstract 

Grouting steel flower tubes have been widely used in foundation pit engineering, and can 
be used as waterproof measures or combined with other structures to form a composite 
support system to bear lateral loads. The secondary interval grouting in the whole 
section is a common technology. The applicability of this technology is not strong under 
complex formation conditions, and the slurry cannot be uniformly diffused in the whole 
section. The method of injecting solidifiable liquid into rock and soil by pressure, 
changing the physical and mechanical properties of rock and soil by filling, compacting, 
splitting and consolidating, and improving the mechanical strength, deformation 
modulus and impermeability of rock and soil is called grouting method. The technology 
of multi-stage control grouting of steel tube is gradually rising, which is a new technology 
combining grouting technology with micro pile. In this paper, according to the difficulty 
of sleeve valve pipe grouting in the construction of casing layer in the leakage stratum, 
the research and application of the support and reinforcement technology of multi-stage 
control grouting steel Floral Tube are analyzed. 
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1. Introduction 

With the sustained development of China's economic construction and the implementation of the "the 

belt and road initiative" national strategy, highway and railway construction has been extended to 
dangerous and complicated mountain areas on a large scale. Slope disasters have become increasingly 

prominent in the construction process. Landslide disasters are increasingly frequent and have a great 
impact on people's production and life [1]. The grouting steel flower tube can improve the soil mass, 
improve the impermeability of the soil mass, and can also bear certain loads. Grouting steel flower 

tube used in foundation pit engineering has developed from the original steel anchor tube to steel 
flower tube pile bearing lateral load, and has been applied more and more in foundation pit and slope 

support engineering at present [2]. Micro-piles can enhance the strength of soil between piles and 
around piles through multiple grouting segments, thus achieving the effect of strengthening soil and 

increasing anti-sliding effect [3]. The method of injecting curable liquid into rock and soil by pressure 
to change the physical and mechanical properties of rock and soil by means of filling, compaction, 

splitting and consolidation and to improve the mechanical strength, deformation modulus and 
impermeability of rock and soil is called grouting method [4]. At present, the construction technology 

of advanced grouting steel pipe in the project can be roughly divided into two types: drilling hole 
type and extruding steel pipe type. On the premise that the reinforcement depth is not large, 

considering the project cost, the construction technology of extruding steel flower tube is adopted in 
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general projects [5]. How to quickly and efficiently control slope diseases and put forward effective 
slope treatment schemes are the urgent problems to be solved in the construction of expressways and 
railways in mountainous areas. 

Multi-stage control grouting steel flower tube retaining reinforcement technology The optimal 
combination of steel tube and multi-split grouting technology can prevent and treat different types of 

slope diseases [6]. At present, there are projects with dense grouting steel Floral Tube piles, which 
are used as waterproof curtains for foundation pits or manually excavated piles, as well as application 

examples in deep foundation pit quicksand treatment and emergency rescue projects [7]. The multi-
stage controlled grouting technology for steel flower tubes is gradually emerging. This technology is 

a new technology that combines grouting technology and micro-pile method, i.e. secondary split 
grouting is carried out inside the steel flower tubes [8]. In the past, the commonly used foundation 

grouting method was mostly circular drilling and grouting method. This method only embeds the 
casing of the hole wall and concretes the hole opening to prevent the ground from bleeding. There is 

no need to inject the casing into the hole, and the drill pipe is used to drill from top to bottom to 
complete a section of grouting until the predetermined depth is reached [9]. As the extrusion depth of 

the advance grouting steel flower tube is generally more than 5m, it is not easy to ensure the extrusion 
direction if one extrusion is adopted. During the construction, a platform needs to be erected, and the 

erection and dismantling of the platform take up more construction time. If the construction 
technology can be improved, the time and cost for setting up the platform can be saved, and the 

construction quality and safety can be guaranteed, it will be conducive to the further popularization 
and application of the advanced grouting steel pipe technology [10]. According to the difficulty of 

sleeve valve pipe grouting in casing layer construction in slurry leakage stratum, this paper analyzes 
the research and application of multi-stage control grouting steel Floral Tube retaining reinforcement 
technology. 

2. Mechanism of Multi-stage Control Grouting Steel Floral Tube Retaining and 

Strengthening Technology 

2.1 Structural Form and Applicable Conditions of Steel Floral Tube Retaining and 

Strengthening Technology 

Multi-segment control grouting steel flower tube retaining reinforcement technology is a retaining 
reinforcement technology based on the traditional reinforcement technology and grouting technology 

for optimal combination. Once grouting passes through a grouting pipe extending into the bottom of 
the hole, and pure cement slurry with a certain water cement ratio is injected into the hole to form a 

cylindrical grouting body. During a grouting, the grouting holes on the steel flower tube are sealed 
with glass glue so that the grout cannot enter the steel flower tube. The multi-stage controlled grouting 

is to inject the slurry into the stratum by grouting pipe and control the grouting pressure by hydraulic, 
pneumatic or electrochemical principles [11]. Segmented grouting technology is a grouting 

technology in which the whole grouting length is segmented and grout is poured separately. Generally, 
repeated grouting can be realized, and the layered grouting quantity and grouting pressure can be 

controlled. To a certain extent, this can solve the problems of non-uniform diffusion of grouting slurry 
in the whole section, hole blasting slurry, slurry string, etc. Through the small holes preset on the 

steel flower tube, cement mortar is injected into the surrounding soil mass. Under certain pressure, 
the grouting slurry damages the soil mass structure, causing new cracks or pores in the soil mass and 

increasing the diffusion radius of the slurry. The connecting beam is formed by pouring reinforced 
concrete, and the top ends of a plurality of rows of vertical steel flower tubes are connected together 
through the connecting beam, so as to mainly increase the overall bending rigidity of the vertical steel 

flower tubes. Grout fills, infiltrates and compacts to remove water and air from soil particles or rock 
fissures and then occupies its position. 
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2.2 Combined Structure of Multiple Sectional Control Grouting Frame  

The multi-stage controlled grouting prestressed steel anchor pipe anchor cable frame combined 
structure combines the advantages of prestressed anchor cable frame and multi-stage controlled 

grouting technology. The multi-stage control grouting prestressed steel anchor pipe and anchor cable 
frame composite structure has the advantages of novel structure, advanced technology, rapid 

construction and the like, and is a slope reinforcement technology with development prospects. The 
steel anchor pipe itself is not only used as a protective measure, but also as a channel for multiple 

grouting segments. In order to improve the quality of grouting, it is appropriate to adopt segmented 
grouting method. However, due to the more complicated construction procedures and the lack of 

matching grouting devices, segmented grouting is rarely applied to large-diameter grouting steel 
flower tubes. Anchor cables are implanted in steel pipes, and the stress mode of the surface layer of 

the prestressed steel anchor pipe is changed by applying prestress to the anchor cable frame, and the 
stress mode is changed from a tension concentrated type to a pressure concentrated type. The frame 

beam is cast from reinforced concrete and fixed on the slope surface, which mainly plays the role of 
fixing the slope surface and transmitting the landslide thrust to the deep anchoring body [12]. Finally, 

through the horizontal load test of steel Floral Tube pile, the bearing capacity of foundation under 
horizontal load is tested, the mechanical performance of steel pipe is evaluated, and the coefficient of 
foundation reaction force is inversely calculated, thus determining the reinforcement effect.  

In order to ensure that the prestress can be evenly distributed in the steel anchor pipe body, it is 
necessary to ensure that the steel anchor pipe and the tensioning platform maintain a vertical state. 

Therefore, the thickness of the wedge-shaped body of the tensioning platform should be adjusted 
according to the angle formed by the steel anchor pipe and the slope body. In the aspect of structural 

calculation, the whole structure is calculated and analyzed, and the elastic time-history analysis under 
frequent earthquakes is carried out according to the artificial seismic wave parameters. For example, 

Table 1 shows the maximum acceleration value and duration of seismic waves and other related 
parameters. 

Table 1.Relevant parameters such as the maximum acceleration value and duration of seismic 
waves 

Scope of 
adaptation 

Maximum 

acceleration 
value (cm/s2) 

Duration 
(s) 

Number of 
wave values 

Time step (s) 
Effective 

duration (s) 

Artificial 
seismic wave 

82 36 1750 0.02 26.47 

Natural 
seismic wave 

71 52 1800 0.02 37.98 

The reinforcement model of the steel flower tube retaining wall created based on the work task of 

parametric design can aim at the design problems and quality problems that may occur in the project 

in advance through collision detection and other forms. Topology reliability optimization simulation 
comparison is shown in Figure 1. 
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Figure 1 Comparison of optimization simulation of support reinforcement layout 

3. Steel Floral Tube Pile Group Structure with Multiple Sectional Grouting 

The construction of section 2-4m shall be carried out on the second day or later after the grout 
stopping layer is completed as far as possible, because the grout of the grout stopping layer can play 

a very good grout stopping role after curing. The new technology for preventing and controlling Floral 
Tube pile group of multi-stage grouting steel is generally arranged at the foot or platform of the side 

slope. Steel pipe piles are mostly vertically driven into the stratum, and 3-4 rows are arranged in the 
vertical sliding direction. Independent steel Floral Tube pile group system refers to the arrangement 

of steel Floral Tube piles within a certain range on the slope surface according to a certain vertical 
and horizontal spacing, and each pile is independent of each other. Pay close attention to the pressure 

change during grouting, and try not to exceed the design pressure for grouting. If the grouting pressure 
meets the final injection conditions, and no water spray slurry will return to the steel pipe after the 

pressure hose is removed, then the next grouting section can be continuously flushed and poured [13]. 
The main factors that affect multiple split grouting include grouting pressure, diffusion radius, slurry 

viscosity and soil compactness, and the key control factors are grouting pressure and diffusion radius. 
Through model tests, it is difficult to satisfy the principle of similarity between grouting pressure and 

diffusion radius range, and cannot accurately reflect the diffusion radius of grouting. It is relatively 
difficult to study the effect of split grouting on the horizontal bearing capacity of steel Floral Tube 

pile. The combined action of multiple rows of grouting steel Floral Tube in the multi-stage grouting 
steel Floral Tube pile group structure greatly improves the anti-sliding ability. 

In the construction process of retaining and reinforcement technology, the examination and approval 

supervision system is not perfect enough, and the construction departments and quality supervision 
agencies in many areas do not understand some problems in the construction process. Architecture 

itself is a non-self-sufficient system that exists independently from nature and needs to absorb natural 
resources to satisfy its independent operation. It is difficult to systematically, efficiently and 

comprehensively solve various problems in engineering design or construction.  Figure 2 shows the 
application method of construction safety survey technology in construction practice. 
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Figure 2 Application method of construction safety survey technology in support and 
reinforcement construction 

Due to the inclusion of clayey soil and crushed stone soil, infiltration grouting mainly strengthens 

macropores in crushed stone and clay, while splitting grouting mainly strengthens clayey soil. 
Through one-time normal pressure grouting between the steel Floral Tube and the borehole, and 

multiple segmented high-pressure splitting grouting in the steel Floral Tube for sliding weak parts, a 
similar "root-shaped" grouting body with large diffusion area is formed around the steel Floral Tube. 

Furthermore, the joint action of the steel Floral Tube pile retaining and the grouting reinforcement of 
the rock and soil mass at the sliding weak part is realized, and the anti-sliding performance of the 

single control grouting steel Floral Tube structure is improved. The grouting section under 4m rarely 
has no pressure, but it may be mixed with other holes. It is only necessary to close the hole of the 

mixed slurry, but the pipe shall be washed for the mixed slurry hole after grouting. The grouting 
quantity of seepage grouting and split grouting can be weighted according to the thickness of the 

reinforcement layer, or the sum of the calculated value of seepage grouting according to the thickness 
of gravel soil and the calculated value of split grouting according to the full length can be taken as 

the estimated grouting quantity, and the grouting quantity should be between the two. Compared with 
traditional reinforcement and retaining measures, this structure can gradually and rapidly provide 

anti-sliding force for dangerous landslides in the process of sliding, and provide effective measures 
for landslide emergency rescue. Multiple split grouting can squeeze the rock and soil mass on the 

slope, improve the strength index of the rock and soil mass, and make the steel pipe bond more tightly 
with the surrounding rock and soil mass. Before and after the Floral Tube process test of steel, the 

survey, permeability coefficient test and excavation test are respectively carried out to check the 
grouting effect of the whole section secondary interval grouting process method and the section 
grouting process method. 

4. Conclusion 

The multi-stage control grouting vertical steel Floral Tube reinforcement retaining technology has 
realized the combination of anti-slide micro-pile and grouting reinforcement. By developing 

corresponding steel Floral Tube spiral rubber sleeve and variable length grouting gun, segmental 
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grouting of large diameter steel Floral Tube is realized. It is very easy for the gravel soil layer to leak 
slurry in the ground by full-section grouting, thus reducing the grouting effect. Under the action of 

landslide thrust, the bending moment produced by three rows of piles is larger than that produced by 
single row of piles, and in the three rows of piles, the ultimate bending moment of the first and second 

rows of piles is close to or exceeds the bending bearing capacity of steel Floral Tube, which indicates 
that the pile group structure can play a more effective resistance role. Floral Tube grouting method, 

as an uncommon grouting method, has the characteristics of easy implementation and reliable quality, 
and is especially suitable for reinforcement of loose fill foundation. In the structural design, the 

reinforcement design of the pile body near the sliding surface should be strengthened to improve the 
bending damage resistance near the sliding surface so as to achieve better anti-sliding effect. The 

sectional grouting method can ensure the total grouting quantity and basically reach the design 
standard due to the bottom-up and sectional grouting method. The segmented extrusion type advance 

grouting steel Floral Tube technology has simple operation and high working efficiency, which not 
only ensures the engineering quality, but also saves the construction cost and has high construction 
safety, and is worthy of popularization and application. 
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