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DESCRIPTION 

Title of Invention: GROUND IMPROVEMENT METHOD 

Technical Field 

[0001] The present invention relates to a ground 

improvement method that achieves ground reinforcement, a rise 

of ground surface level, and ground surface flattening, and so 

forth even on ground free of a building construction on it or 

soft ground.  

Background Art 

[0002] As a well-known ground improvement method, 

heretofore it has been customary to inject self-hardening grout 

into ground to increase the degree of consolidation in the ground 

for ground reinforcement. As the grout, in addition to 

instantaneously-hardened grout characterized by short gelation 

time, slowly-hardened grout characterized by long gelation time 

is used.  

As a ground improvement method aimed at restoring abuilding 

construction which has undergone uneven settlement due to 

earthquake or excavating work in a nearby area, there is proposed 

a technology to inject grout into that part of ground where 

building settlement has occurred to form a solidified support 

layer in the ground, so that the building construction, including 

its foundation, as a whole can be lifted up under a reaction 

force resulting from the layer formation (refer to Patent 
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Literature 1, for example).  

[0003] On the other hand, as a ground improvement method 

aimed at achieving ground reinforcement or water shutoff for, 

for example, soft ground, there is proposed a technology to 

control the rate of grout injection, grout injection pressure, 

selection between start and stop of grout injection, etc. for 

each of a large number of grout injection points on an individual 

basis to cope with the difference in soil conditions (coefficient 

ofwaterpermeability, porosity, etc.) between geological layers 

(refer to Patent Literatures 2 and 3, for example).  

By way of another example of ground improvement methods, 

there is known a technology to forma columnar solidified support 

portion in ground by directing a jet of grout into a vertical 

hole formed in the ground by excavation (refer to Patent 

Literature 4, for example).  

Prior Art Reference 

Citation List 

[0004] 

Patent Literature 1: Japanese Patent No. 3126896 

Patent Literature 2: Japanese Unexamined Patent Publication JP-A 

2003-232030 

Patent Literature 3: Japanese Patent No. 4672693 

Patent Literature 4: Japanese Unexamined Patent Publication JP-A 

6-306846 (1994) 

Summary of Invention 
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Technical Problem 

[0005] The ground improvement method disclosed in Patent 

Literature 1 is advantageous for use with ground beneath a 

building construction. However, in ground free of a building 

construction on it, since the reaction force resulting from the 

formation of the solidified support layer in the ground cannot 

be suppressed from above the ground, it follows that the ground 

surface takes on localized prominences, which are swollen spots 

corresponding to grout injection points. Therefore, a heavy 

item which substitutes as a building construction needs to be 

prepared, and grading of the ground surface needs to be done 

intheeventof developmentof prominences as well, atmuchexpense 

in time and effort. After all, it has been considered that this 

methoddoes not lenditself tobuilding-free ground improvement.  

[0006] Meanwhile, in the ground improvement method 

disclosed in, for example, Patent Literatures 2 and 3, the rate 

of grout injection, grout injection pressure, selection between 

start and stop of grout injection, etc. are determined under 

the control of a large number of installed grout injection pumps.  

In this case, the monitoring of ground conditions may entail 

an increase in complexity in control operation or a lack of 

stabilityincontrol operation, thus causingadecrease incontrol 

accuracy (inconsistency between the amount of grout supply and 

ground conditions) . Another problem is a great increase in the 

costs of equipment instruments, and more specifically, many 
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devices such as detectors are required for the control of grout 

injection conditions, and also sophisticated control units and 

injection pumps need to be prepared.  

[0007] In the groundimprovementmethoddisclosedinPatent 

Literature 4, a vertical hole needs to be formed in ground by 

excavation, wherefore execution of extensive construction work 

using large-sized construction machines is inevitable, thus 

causing a great increase in construction costs. Furthermore, 

the delivery of large-sized construction machines for use to 

a narrow construction site or a construction site situated ahead 

of a narrow road is difficult, and it is also difficult to form 

apluralityof columnar solidified support portions indifferent 

areas of ground at one time.  

[0008] The present invention has been devised in view of 

the circumstances as mentioned supra, and accordingly its object 

is to provide a ground improvement method that achieves an 

increase of the degree of consolidation in ground with ease by 

exploiting a reaction force resulting from the formation of 

solidified support layers in the ground, and thus enables ground 

reinforcement, a rise of ground surface level, and ground surface 

flattening, and so forth even on ground free of a building 

construction on it or soft ground.  

Solution to Problem 

[0009] In order to accomplish the above object, the 

following means is adopted for the implementation of the present 
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invention.  

Thatis, agroundimprovementmethodpursuanttothepresent 

invention comprises: determining the degree of consolidation 

at a depth position at which grout injection is to be performed 

within ground which is a target of ground improvement; predicting 

a permeation radius at which grout will permeate first about 

each grout injection point on the basis of the degree of 

consolidation obtained at the depth position and the amount of 

grout to be injected per single-shot injection; setting a 

plurality of grout injection points so as to be spaced apart 

by an adjacent distance which is greater than twice the permeation 

radius so predicted; starting time-spaced injections at each 

grout injection point in accordance with a cycle of operation 

comprising single-shot grout injection, pausing for a certain 

period of time required for solidification of injected grout, 

and at least one additional single-shot grout injection at each 

grout injection point; and causing grout injected in the first 

injection to form an independent solidified portion at each grout 

injectionpoint, and causing grout injected in the next injection 

to diffuse around in the form of interlocked tree roots, while 

fracturing the solidified portion formedby the first injection, 

for formation of an enlarged solidified portion.  

[0010] In the present invention, it is preferable that a 

solidified support layer is formed so as to extend along ground 

surface within the improvement target ground by repeating the 
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time-spaced injections until the ground located between the 

adjacent grout injection points is consolidated under the 

interaction between the enlarged solidified portions formed at 

their respective grout injection points. As employed herein, 

"the interaction between the enlarged solidified portions" 

involves a condition where the enlarged solidifiedportions cross 

each other.  

[0011] In the present invention, it is preferable that the 

time interval between termination of single-shot grout injection 

at a certain grout injection point and initiation of a succeeding 

grout injection at the same grout injection point is shorter 

than the gelation time of the previously injected grout.  

It is also preferable that, when the result of geological 

survey conductedon the improvement target ground in the direction 

of geological layer thickness has indicated the presence of a 

stack of a highly consolidated layer having a high degree of 

consolidation and a lowly consolidated layer having a low degree 

of consolidation located below the highly consolidated layer 

within a range corresponding to a depth at which ground 

improvement is to be effected, then the lowly consolidated layer 

is defined as a depth position at which grout is injected.  

[0012] In the present invention, it is preferable that the 

distribution of ground surface rises is monitored in the course 

of formation of the solidified support layer, and, when a grout 

injection point situated in a locally swollen area is observed, 

6 
7825136_1 (GHMatters) P102413.AU



then grout injection at this grout injection point is brought 

to ahalt, yet grout injection at a grout injectionpoint situated 

in a prominence-free area is continued, so that the upper ends 

of swollen areas can be rendered uniform in level throughout 

the entire region on the improvement target ground.  

It is also preferable that the distribution of ground 

surface rises is monitored in the course of formation of the 

solidified support layer, and, when an area having a relatively 

low surface level is observed, execution of the time-spaced grout 

injections at a grout injection point situated in this area comes 

first, so that flattening of the ground surface of the entire 

region on the improvement target ground can be sustained.  

[0013] In the present invention, it is preferable that, 

in effecting grout injection at the grout injection points, a 

certain number of the grout inj ection points are bunched together 

in groups, and, according to the order of arrangement of a 

pluralityof the grout injectionpoints in each group, injections 

areperformedsequentiallyinrespective groutinjectionpoints, 

while repeating supply and stop of the supply in turn at different 

timings, in a go-around manner as one cycle of operation, and, 

upon the completion of one cycle, the procedure proceeds to a 

next cycle.  

It is also preferable that a plurality of depth positions 

at which grout injection is to be effected are set in a depth 

direction for individual grout injection points, respectively, 
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and, after the formation of a solidified support layer at the 

deepest one of the thereby set depth positions, a grout injection 

depth is shifted to a position one step higher than the previous 

depth position for the formation of the next solidified support 

layer, so that solidified support layers vertically arranged 

in multi-stage form can be formed at each grout injection point.  

Advantageous Effects of Invention 

[0014] According to the ground improvement method pursuant 

to the present invention, the degree of consolidation in ground 

can be increased with ease under a reaction force resulting from 

the formation of solidified support layers in the ground, and 

thus ground reinforcement, a rise of ground surface level, and 

ground surface flattening, and so forth can be achieved even 

on ground free of a building construction on it or soft ground.  

Brief Description of Drawings 

[0015] [FIG. 1] FIG. 1 is a lateral sectional view 

schematically illustrating how a solidified support layer is 

to be formed by the ground improvement method pursuant to the 

present invention on a step-by-step basis.  

[FIG. 2] FIG. 2 is a plan view showing conditions of grout 

permeation corresponding to FIGs. 1(A), 1(B), and 1(C), 

respectively.  

[FIG. 3] FIG. 3 is a plan view of an example of injection 

point arrangement, showing apluralityof grout injectionpoints 

arranged in order.  
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[FIG. 4] FIG. 4 is a plan view of an example of injection 

point arrangement, showing apluralityof grout injectionpoints 

arranged in a staggered configuration at one-half the pitch of 

the grout injection points.  

[FIG. 5] FIG. 5 is a lateral sectional view showing a 

condition where the ground improvement method pursuant to the 

present invention is applied to improvement target ground with 

highly consolidated geological layers.  

[FIG. 6] FIG. 6 is a lateral sectional view showing a state 

where the ground improvement method pursuant to the present 

invention is applied to improvement target ground with a stack 

of a lowly consolidated layer and a highly consolidated layer 

located below the lowly consolidated layer.  

[FIG. 7] FIG. 7 is a side view schematically showing a 

grout feeder which may be used in the ground improvement method 

pursuant to the present invention, and a condition of placement 

of the grout feeder.  

[FIG. 8] FIG. 8 is a lateral sectional view schematically 

illustrating solidified support layers formed in accordance with 

the second embodiment of the ground improvement method pursuant 

to the present invention.  

Description of Embodiments 

[0016] Hereinafter, embodiments of the present invention 

will be described with reference to drawings.  

As showninFIGs. 5and6 forexample, inagroundimprovement 
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method pursuant to the present invention, a grout solidified 

support layer R is formed in ground G by means of grout injection, 

and, under a reaction force resulting from the formation, the 

degree of consolidation in the ground G is increased, and also, 

in certain circumstances, the level of the surficial area of 

the groundG can be raised, thus imparting desired soil stability 

to the ground for improvement. According to the ground 

improvement method pursuant to the present invention, not only 

it is possible to achieve ground improvement for ground G beneath 

abuildingconstruction, but it is alsopossible to achieve ground 

improvement for ground G free of a building construction on it 

and soft ground G.  

[0017] While, in the present specification, the term 

"solidification" refers to a solid state in principle, the terms 

"solidified portion" and "enlarged solidified portion" may be 

construed as encompassing, in addition to a solid state, a gel 

or jelly state, namely a state of transition from a liquid phase 

to a solid phase, and a state in which a small amount of liquid 

is contained in a solid.  

In the ground improvement method pursuant to the present 

invention, the first step is to conduct geological survey on 

the ground G, which is the target of ground improvement, in the 

direction of geological layer thickness, namely a direction from 

the ground surface to the underground (for example, Swedish 

sounding test). In this geological survey, investigation is 
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made on a depth at which a geological layer having a high degree 

of consolidation, namely a highly consolidated layer m is found, 

and, in accordance with the highly consolidated layer m depth, 

a depth position at which grout is to be injected (hereafter 

referred to as "grout injection layer") is determined.  

[0018] For example, as shown in FIG. 5, when the highly 

consolidated layer m exists in the ground surficial area and 

it has been found that the grout solidified support layer R can 

be formed within the highly consolidated layer m, then the 

location of the grout injection layer is set within the highly 

consolidated layer m. Judgment as to whether the solidified 

supportlayerRcanbe formedismadeonthebasisofthepossibility 

of leaving, in an area of the ground located above the solidified 

support layer R to be formed, a part which has a layer thickness 

large enough to allow the formation of the solidified support 

layerRwithout causing crackingor the like trouble in the ground 

surface layer, and allows effective propagation of a solidified 

support layer-forming pressure therethrough.  

[0019] However, when the ground surficial area is of a 

geological layer having a low degree of consolidation (cohesive 

soil, sandy soil, conglomerate soil, etc.), the presence or 

absence of the highly consolidated layer m in a part below this 

lowly consolidated layer is checked. When the result of the 

investigation has indicated that the highly consolidated layer 

mis present, and that an adequate layer thickness canbe imparted 
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to the highly consolidated layer m, then the location of the 

grout injection layer is set within the highly consolidated layer 

m.  

It is noted that, as shown in FIG. 6, even if the highly 

consolidated layer m is found in the ground surficial area, when 

the highly consolidated layer m is judged as being below the 

required level of layer thickness, or, when the ground surficial 

area is ofalowlyconsolidated layer, andthehighlyconsolidated 

layer m lying below the lowly consolidated layer is judged as 

being below the required level of layer thickness, then 

investigation is made on the presence or absence of a stack of 

lowly consolidated layers n in a part below the highly 

consolidated layer m. When the result of the investigation has 

indicated that the lowly consolidated layers n exist below the 

highly consolidated layer m, then the location of the grout 

injection layer is set within the lowly consolidated layers n 

for the formation of the solidified support layer R.  

[0020] The determination of a grout injection layer depth 

based on geological survey accompanies acquisition of the degree 

of consolidation in the grout injection layer. However, for 

example, when a grout injection layer depth can be determined 

from the start of work without the necessity of conducting 

laborious geological survey, withthe consequence that the degree 

of consolidation in the grout injection layer remains unknown, 

then investigation on the degree of consolidation is carried 
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out in advance of the grout injection layer locating step to 

obtain the degree of consolidation in the grout injection layer 

in numerical data form.  

[0021] Meanwhile, to inject a predetermined small amount 

of the grout at time-spaced intervals in an intermittent manner 

(this is not continuous injecting operation), which will 

hereafter be referred to as "single-shot injection", the amount 

of the grout to be injected per single-shot injection is set.  

The grout amount for single-shot injection may either be set 

concurrently with the determination of the grout injection layer 

depth or be set prior to or after that determination.  

[0022] Then, onthebasisof the groutamount for single-shot 

injection and the previously-acquired degree of consolidation 

in the grout injection layer, the radius of a grout permeable 

area about a grout injection point (individual grout injection 

points P), namely a permeation radius r is predicted (in FIGs.  

1(A) and 2(A), a permeation diameter is designated as [2r]).  

The prediction of the permeation radius r is made with 

consideration given to the viscosity of the grout, the grout 

injection pressure, the rate of grout injection, the internal 

temperature of the ground, etc. on an as neededbasis. Moreover, 

when the predicted permeation radius r differs between the 

adjacent grout injectionpoints P, P, the larger one of the values 

of permeation radii r is adopted for use.  

[0023] After the permeation radius r prediction as above 
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described, a plurality of grout injection points P are set so 

that they are spaced apart by an adjacent distance L greater 

than twice the permeation radius r (equivalent to [2r + a] as 

shown in FIG. 3 and [2r + S] as shown in FIG. 4). For example, 

the adjacent distance L between the adjacent grout injection 

points P falls in the range of 1 m to 3 mm.  

The individual grout injection points P may either be 

arranged equidistantly both in a vertical direction 

(corresponding to a direction from top to bottom of FIG. 3) and 

in a horizontal direction (corresponding to a direction from 

right to left of FIG. 3) in matrix form as exemplified in FIG.  

3, orbespacedintworowsinastaggeredconfigurationatone-half 

the pitch of a plurality of the grout injection points aligned 

in a horizontal direction (corresponding to a direction from 

right to left of FIG. 4) as exemplified in FIG. 4. Although 

the grout injection points are illustrated as being arranged 

in two rows in FIGs. 3 and 4, they may be arranged in three or 

more rows.  

[0024] Following the completion of setting of the grout 

injection points P as above described, time-spaced injections 

are started at each grout injection point P. The time-spaced 

injections refer to a cycle of operation comprising single-shot 

grout injection, pausing for a certain period of time required 

for solidification (in addition to a solid state, a state of 

transition from a liquid phase to a solid phase is included) 
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of the injected grout in the groundG, and additional single-shot 

grout injection at the same position.  

[0025] The time-spaced injecting operation provides the 

following situation.  

That is, as shown in FIGs. 1 (A) and 2 (A) , upon the grout 

being injected into the ground from each grout injection point 

P as the first injection, then the grout combines with the soil 

to form an independent solidified portion X in agglomerate form.  

The amount of the grout per injection is set to be small and 

the injection time is short, wherefore the grout remains in a 

liquid state and will not diffuse into the ground. Thus, the 

grout stays in small agglomerate form around the grout injection 

point P, wherefore the solidified portionX can be formedwithout 

fail.  

[0026] The solidified portion X formed by the first 

injection is susceptible to resistance against downward 

permeation under the influence of, for example, earth pressure, 

and thus tends to diffuse horizontally in the course of 

solidification (within a gelation time period).  

Moreover, since the individual grout injection points P 

are spaced apart by the adjacent distance L (the distance greater 

than twice the grout permeation radius r), it follows that the 

adjacent solidified portions X formed by the first injection 

are maintained in spaced relation to each other (spacing is 

secured between the adjacent solidified portions X), and will 
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not cross each other or combine with each other. Thus, the 

individual solidified portions X become structurally 

independent bodies without fail.  

[0027] Subsequent to the first injection, grout prepared 

for the next injection is injected into the interior (center) 

of the solidifiedportionX formedby the first injection. Then, 

as shown in FIGs. 1(B) and 2(B), part of the injected grout, 

while combining with the solidified portion X formed by the first 

injection, diffuses aroundin the formof interlocked tree roots 

while fracturing the outer side of the solidified portion X under 

the injection pressure.  

Although high injection pressure is required in the next 

grout injection to cause fracture in the solidified portion X 

formed by the first injection, once the fracture has occurred, 

the load is reduced with the consequence that a succeeding grout 

injection can be performed easily, thus causing rapid diffusive 

permeation of the grout into the ground G. The thereby diffused 

grout combines with the nearby soil once again, and merges into 

the solidifiedportionX formedby the first injection, whereupon 

an enlarged solidified portion Y is formed about each grout 

injection point P.  

[0028] The enlarged solidified portionY formed by the next 

injection tends to diffusively permeate downwardly and 

horizontally under an impulse resulting from the fracture of 

the solidifiedportionX formedby the first injection (injection 
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pressure).  

With the repetition of the time-spaced injections, added 

grouts diffuse around in the formof interlocked tree roots while 

fracturing the outer side of the enlarged solidified portion 

Y, thus causing further enlargement of the enlarged solidified 

portion Y. Consequently, the ground located between the 

adjacent grout injection points P, P is substantially 

consolidated under the interaction between the enlarged 

solidified portions Y, Y formed at their respective grout 

injection points P, P. The interaction involves the hardening 

of the ground located between the adj acent grout inj ection points 

P, P under the effect of consolidation in a direction in which 

the grout injection points P, P are opposed to each other, and 

also involves, as shown in FIGs. 1(C) and 2 (C), a phenomenon 

in which the permeating grouts diffused fromthe adjacent enlarged 

solidified portions Y, Y, respectively, cross each other to 

combine with the nearby soil.  

[0029] Asaresult, asolidifiedcontinuumregionZis formed 

so as to extend along the ground surface within the improvement 

target ground G, and, this solidified continuum region, in its 

entirety, constitutes a unitary solidified support layer R of 

highstrength (refer toFIGs. 5and6) . Inthe rangeofdiffusion 

of the solidified support layer R, geological layers lying under 

and around the solidified support layer R are consolidated.  

The state of transition from the solidified portion X to 
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the solidified continuum region Z varies according to relevant 

conditions, including the degree of consolidation in the 

yet-to-be-treated improvement target groundG, the type of grout 

for use, and the amount of grout for single-shot injection.  

Therefore, the count of the time-spaced injections is not limited 

to any particular number, and it is essential only that the 

time-spaced injecting operation be repeated twice or more. For 

example, workmaybe conducted in amanner whereby the solidified 

continuum region Z can be formed at a dash under the interaction 

between the enlarged solidified portions Y, Y formed at the 

adjacent grout injectionpoints P, P, respectively, by the second 

grout injection. Moreover, at that point in time when the 

solidified continuum region Z was formed, the solidified 

continuum region Z in itself may be regarded as the solidified 

support layer R.  

[0030] In the course of the formation of the solidified 

support layer R, the distribution of ground surface rises is 

monitored. For example, the use of a laser level meter helps 

facilitate the monitoring. When an area having a relatively 

low surface level is observed during the monitoring, execution 

of time-spaced injections at the grout injection point P located 

in this area (area of low surface level) comes first.  

On the other hand, when localized prominences, which are 

swollen spots of the ground surface developed under a reaction 

force resulting from the formation of the solidified portion 
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X, the enlarged solidifiedportionY, or the solidified continuum 

region Z, are observed at the individual grout injection points 

P, then the grout injection at the grout injection point P located 

in this area (swollen area) is brought to a halt, and, the grout 

injection at the grout injection point P located in another area 

free of prominences is continued. This renders the upper ends 

of the swollen areas uniform in level throughout the entire region 

on the improvement target ground.  

[0031] The implementation of the above measures makes it 

possible to sustain the flattening of the ground surface of the 

entire region on the improvement target ground.  

After the setting of the grout injection points P as shown 

in FIGs. 3 and 4, in actual operation, a hole for injection pipe 

insertion is formed by excavation at each grout injection point 

P so as to extend to the grout injection layer. Then, a grout 

injection pipe is inserted into each injection pipe insertion 

hole. An excavator equipped with a digging drill (not shown 

in the drawings) is used for the excavation.  

[0032] When the improvement target ground G is vast, the 

target ground area may be divided into a plurality of sections 

for separate work. In this case, the individual excavation 

depths for the formation of the injection pipe insertion holes 

(or the insertion lengths of the inserted grout injection pipes) 

in the range of a single section are not necessarily the same.  

FIG. 7 is a schematic representation showing a condition 
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where a grout injection pipe 1 is inserted in the injection pipe 

insertion hole at each grout injection point P, distributing 

means 2 is connected to each grout injection pipe 1, and the 

distributing means 2 is connected to a grout feeder 4 via a piping 

member 3 such as a hose.  

[0033] As amatter of course, amember having apipe diameter 

large enough for insertion into the injection pipe insertion 

hole is used as the grout injection pipe 1. Moreover, the length 

of the grout injection pipe 1 is adjusted so that its front end 

(lowerend) reaches thegroutinjectionlayerwithintheinjection 

pipe insertion hole, and that the opposite end protrudes beyond 

the ground surface. Depending on circumstances, it is possible 

to use a member composed of a few portions that can be separated 

from and connected to each other via a coupling joint in its 

lengthwise direction.  

As the grout, either of a slowly-hardened grout 

characterized by long gelation time and an 

instantaneously-hardened grout characterized by short gelation 

time may be used. Moreover, the grout may be of a type which 

is prepared by mixing different agents every time injection is 

performed. Grout selection is made in accordance with the 

geological condition of ground.  

[0034] In the present embodiment, as the grout, use is made 

of a water-glass injection material (liquid A) and a cement 

injection material (liquid B) that are used in combination in 
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mixture form. Therefore, the grout injection pipe 1 is 

constructed of a member having a double-pipe structure capable 

of feeding the liquid A and the liquid B to the grout injection 

layer of destination at the same time while preventing mixing 

of them. Instead of the pipe having a double-pipe structure, 

a combination of two separate pipes may be used.  

[0035] Moreover, since the mixing of the liquid A and the 

liquid B is necessary for grout injection, as the distributing 

means 2, use is made of a member having a switching valve for 

the liquidAanda switching valve for the liquidB. For example, 

a three-way valve, a spool valve, or a needle valve may be adopted 

for use as each switching valve. It is desirable to adopt a 

switching valve capable of being remotely controlled, such as 

a motor-driven valve, an electromagnetically-driven valve, or 

a fluid pressure (such as air) -driven valve. A plurality of 

units of the distributing means 2 are required for connection 

with the individual grout injection pipes 1, and, these units 

of the distributing means 2 should preferably be incorporated 

into a placement support frame (not shown in the drawings) in 

advance in the interest of efficient placement operation.  

[0036] The grout feeder 4 has a liquid feeding pump capable 

of feeding grout under pressure. In the present embodiment, 

because of the use of the liquid A and the liquid B for the grout, 

two liquid feeding pumps 5, namely a feeding pump for the liquid 

A (5A) and a feeding pump for the liquid B (5B) are provided, 
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and also, as the piping member 3, a piping member for the liquid 

A (3A) and a piping member for the liquid B (3B) are provided 

independently of each other.  

The grout feeder 4 (liquid feeding pump 5) and the 

distributingmeans2 (switchingvalve) aredesignedtobe operable 

under the control of a control section 6 such as a computer.  

That is, the control section 6 is configured to be capable of 

proper setting of conditions of grout injection into each grout 

injection pipe 1, the sequence of grout injections into a 

plurality of grout injection pipes 1 (or equivalently the 

selection of the distributing means 2), and so forth.  

[0037] The conditions of grout injection include the amount 

of grout to be injected per single-shot injection (for example, 

1 liter) and the time taken to inject this amount of grout for 

single-shot injection (for example, 3 seconds) . Under the 

control of the control section, upon detection of fulfillment 

of setting values as to these injection conditions, the supply 

of grout at the present grout injection point is brought to a 

halt, and the supply of grout at the next grout injection point 

selected is started.  

[0038] Moreover, in setting the sequence of grout 

injections, a predetermined number of grout injection points 

P are bunched together in groups, and, in each group, injections 

are performed sequentially in respective grout injection points 

P, while repeating supply and stop of the supply in turn at 
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different timings, according to the order of arrangement of the 

grout injection points P in a go-around manner as one cycle of 

operation. The injecting operation is performed in a timed 

relation such that, upon the completion of one cycle, the 

procedure proceeds to a next cycle.  

[0039] If the grout injected in the ground G is fully 

solidified, a succeeding grout injection into this solidified 

part will be difficult. To cope with such a case, the number 

of the grout injection points P in a single group is adjusted 

so that one cycle of operation, namely the injections at all 

of the grout injection points can be accomplished within the 

range of grout gelation time (for example, 30 to 60 seconds).  

The number of repetition of the cycles may be determined 

properlybasedonoperator'svisual judgment, or, aconfiguration 

capable of automatic detection of the formation of the solidified 

support layer R (for example, a configuration for detecting when 

grout injection pressure has reached the setting value) may be 

adopted. In the latter case, the repetition of the cycles is 

continued until the detection.  

[0040] As will be apparent from the foregoing detailed 

description, according to the ground improvement method pursuant 

to the present invention, the grout solidified support layer 

R is formed in the ground G by grout injection, and, under a 

reaction force resulting from the formation, the degree of 

consolidation in the ground G is increased, and also, in certain 
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circumstances, the level of the surficial area of the ground 

Gcanbe raised. Thus, not only it is possible to achieve ground 

improvement for ground G beneath a building construction, but 

it is also possible to achieve ground improvement for ground 

G free of a building construction on it and soft ground G.  

[0041] Moreover, in the ground improvement method pursuant 

to the present invention, the arrangement of apluralityof grout 

injection points P at different places on improvement target 

ground is adapted to geological layer conditions, thus achieving 

optimum ground improvement for improvement target grounds of 

varying types on an individual basis.  

In addition, in the ground improvement method pursuant 

to the present invention, improvement construction work can be 

executed with use of relatively simple equipment without the 

necessity of preparing large-sized equipment instruments and 

special pumps, thus achieving the shortening of construction 

period and construction cost reduction.  

[0042] FIG. 8 is a view showing the second embodiment of 

the ground improvement method pursuant to the present invention.  

The most distinctive difference of the second embodiment from 

the first embodiment resides in the setting of a plurality of 

grout injection layers for the individual grout inj ection points 

P, respectively, in a depth direction. The first step is to 

form a solidified support layer R in correspondence with the 

deepest one of the thereby set grout injection layers. After 
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the formation of the solidified support layer R at one depth 

position, the depth at which grout injection is performed is 

shifted to the position of another grout injection layer one 

step higher than the previous depth position. In so doing, the 

solidified support layers R in multi-stage form can be formed.  

[0043] The procedural steps to form the solidified support 

layer R are the same as those adopted in the first embodiment.  

That is, the solidifiedportionXis formedinthe first injection, 

andthenthe enlarged solidifiedportionYis formed, thus forming 

the solidified continuum region Z (there may be a case where 

the formation of the enlarged solidified portion Y is omitted).  

Otherwise, the second embodiment is substantially the same 

as the first embodiment in other work procedure, equipment in 

use, advantageous effects produced by each operation, and so 

forth.  

[0044] To shift the depth at which grout injection is 

performed to the position of another grout injection layer one 

step higher than the previous depthposition, a drive is imparted 

to that part of the grout injection pipe 1 which protrudes beyond 

the ground surface to lift the grout injection pipe 1 up. The 

lifting of the grout injection pipe 1 is effected by operating, 

for example, a manual or hydraulic jack unit (not shown in the 

drawings) placed on the ground.  

In the case of forming an additional solidified support 

layer R above the previously formed solidified support layer 
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R (lower layer), the new solidified support layer R induces a 

reaction force when formed by exploiting the previously formed 

solidified support layer R as a platform. Thus, the new 

solidified support layer Rand an area above it including a nearby 

area are conducive to a rise of ground surface level.  

[0045] Therefore, from observation with each grout 

injection point P, it will be seen that ground surface-level 

raising effects are successively accumulated from the deep area 

of the ground G to the ground surface with consequent enhancement 

in the degree of consolidation in the ground as a whole.  

Furthermore, byvirtueof the formationof the solidified support 

layers R in multi-stage form at each of a plurality of the grout 

injection points P in a similar manner, high consolidating 

strength can be obtained over a horizontally extending wide area 

between the individual grout injection points P, thus imparting 

very high soil stability to the ground.  

[0046] It should be noted that the present invention is 

not limited to the embodiments as described heretofore, but may 

be modified in accordance with the forms of the embodiments.  

For example, although the grout injection points P are 

illustrated as being arranged in two (or more) rows in FIGs.  

3 and 4, they may be arranged in a row.  

[0047] In forming the injection pipe insertion hole for 

the insertion of the grout inj ectionpipe 1 at each grout inj ection 

point P, either of excavation usingmachines and excavation using 
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manpower may be adopted, or, as an alternative method, the grout 

injection pipe 1 may be penetrated directly into the ground by 

a pneumatic hammer.  

In another alternative, there is a method which does not 

involve the formation of the injection pipe insertion hole by 

excavation. More specifically, for example, a digging cutter 

is attached to the lower end of the grout injection pipe 1, and 

this grout injection pipe 1 is rotatably driven to move downward 

so as to be inserted piercingly into the ground G.  

[0048] This method allows savings in time and in manpower 

in the formation of the injection pipe insertion hole by 

excavation, thus achieving the shorteningofconstructionperiod.  

Another advantage is that whether the lower end of the grout 

injection pipe 1 has reached the grout injection layer of 

destination can be checked with ease. Still another advantage 

is that the monitoring of rotational load during excavation may 

lead to detection of geological variation in the nature of the 

soil (for example, the presence of stiff soil layers such as 

sand gravel layers) in the direction of layer thickness, In 

this case, appropriate measures can be taken. In addition, the 

grout injection pipe 1 can be inserted so as to extend deep into 

the ground.  

[0049] When the adjacent distance L between the grout 

injection points P is narrowed on purpose, the consolidating 

strength of the ground G may be further increased, or even higher 
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ground surface-level raising force may be obtained. Such a 

phenomenon can be utilized to determine the arrangement of the 

grout injection points P.  

In effecting grout inj ection at each grout inj ection point 

P, for example, when there are grout injection layers lying at 

different levels, namelyatahigherpositionandalowerposition, 

respectively, in a single section within the ground, it is 

possible to achieve the balance in the section by exercising 

control so that the number of grout injections and the amount 

of grout injection for the grout injection layer in the higher 

position are reduced relative to those for the grout injection 

layer in the lower position.  

Explanation of reference symbols 

[0050] 

1 grout injection pipe 

2 distributing means 

3 piping member 

4 grout feeder 

5 liquid feeding pump 

6 control section 

m highly consolidated layer 

n lowly consolidated layer 

R solidified support layer 

X solidified portion 

Y enlarged solidified portion 
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Z solidified continuum region 
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CLAIMS 

1. A ground improvement method comprising: 

determining a degree of consolidation at a depth position 

at which grout injection is to be performed within ground which 

is a target of ground improvement; 

predictingapermeationradius atwhichgroutwillpermeate 

first about each grout injection point on the basis of the degree 

of consolidation obtained at the depth position and an amount 

of grout to be injected per single-shot injection; 

setting a plurality of grout injection points so as to 

be spaced apart by an adjacent distance which is greater than 

twice said permeation radius so predicted; 

starting time-spaced injections at each grout injection 

point in accordance with a cycle of operation comprising 

single-shot grout injection, pausing for a certain period of 

time required for solidification of injected grout, and at least 

one additional single-shot grout injection at each grout 

injection point; and 

causing grout injected in a first injection to form an 

independent solidified portion at each grout injection point, 

and causing grout injected in a next injection to diffuse around 

in a form of interlocked tree roots, while fracturing the 

solidified portion formed by the first injection, for formation 

of an enlarged solidified portion.  
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2. The ground improvementmethodaccording to claims, further 

comprising: 

forming a solidified support layer extending along ground 

surface within said improvement target ground by repeating said 

time-spacedinjectionsuntil the groundlocatedbetweenadjacent 

grout injection points is consolidated under an interaction 

between the enlarged solidified portions formed at their 

respective grout injection points.  

3. The ground improvement method according to claim 2, 

wherein the interaction between said enlarged solidified 

portions involves a condition where the enlarged solidified 

portions cross each other.  

4. The groundimprovementmethodaccording to claim 1 or claim 

2, 

wherein a time interval between termination of single-shot 

grout inj ection at a certain grout inj ection point and initiation 

of a succeeding grout injection at the same grout injection point 

is shorter than gelation time of the previously injected grout.  

5. The ground improvement method according to claim 1 or claim 

2, 

wherein, when a result of geological survey conducted on 
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said improvement target ground in a direction of geological layer 

thickness has indicated a presence of a stack of a highly 

consolidated layer having a high degree of consolidation and 

a lowly consolidated layer having a low degree of consolidation 

located below the highly consolidated layer within a range 

corresponding to a depth at which ground improvement is to be 

effected, then said lowly consolidated layer is defined as a 

depth position at which grout is injected.  

6. The ground improvement method according to claim 2, 

wherein a distribution of ground surface rises is monitored 

in a course of formation of said solidified support layer, and, 

when a grout injection point situated in a locally swollen area 

is observed, then grout injection at the grout injection point 

is brought to a halt, yet grout injection at a grout injection 

point situated in a prominence-free area is continued, so that 

upper ends of swollen areas can be rendered uniform in level 

throughout an entire region on the improvement target ground.  

7. The ground improvement method according to claim 2, 

wherein a distribution of ground surface rises is monitored 

in a course of formation of said solidified support layer, and, 

when an area having a relatively low surface level is observed, 

execution of said time-spaced grout injections at a grout 

injection point situated in this area comes first, so that 
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flattening of the ground surface of the entire region on the 

improvement target ground can be sustained.  

8. The groundimprovementmethodaccording to claim 1 or claim 

2, 

wherein, in effecting grout injection at said grout 

injection points, a certain number of grout injection points 

are bunched together in groups, and, according to an order of 

arrangement of a plurality of grout injection points in each 

group, injections areperformed sequentially in respective grout 

injection points, while repeating supply and stop of the supply 

in turn at different timings, in a go-around manner as one cycle 

of operation, and, upon a completion of one cycle, a procedure 

proceeds to a next cycle.  

9. The ground improvement method according to claim 2, 

wherein a plurality of depth positions at which grout 

inj ection is to be effected are set for individual grout inj ection 

points, respectively, and, after formation of a solidified 

support layer at a deepest one of the thereby set depth positions, 

a grout injection depth is shifted to a position one step higher 

than the previous depth position, so that solidified support 

layers vertically arranged in multi-stage form can be formed 

at each grout injection point.  
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