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DESCRIPTION

Title of Invention

ROCK BOLT

Technical Field

[0001] The present invention relates to a rock.bolt

Background Art

[0002] In this technical field, a rock bolt discéusin Patent Literature 1
is known. The rock bolt includes a plurality ofcaors and a stem
provided between the anchors. This stem can cdipeanstatic load
caused by slow deformation of ground and a dynadmaid caused by a
crack generated in the ground.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese UnexaminednPa&ublication
No. 2010-513763

Summary of Invention

Technical Problem

[0004] A tunnel construction includes steps of padowg a plurality of
holes in a direction from the center of the tunieethe inside of the
ground and embedding a rock bolt into the hole. e &mbedded rock
bolt extends with the deformation of the groundhe vicinity of the
rock bolt to generate stress. This stress couraersleased ground
pressure.

[0005] For example, it is desirable to use a higidrrock bolt at a

position in which a high ground pressure is expmkcte occur.
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However, the ground pressure may become smallar thgpected
depending on the environment around a drilling .arda this case, it is
uneconomical in that the rock bolt has excessivength. Further,
when an original ground pressure is excessivefelahe magnitude of
the ground pressure exceeds the strength of tikebalt and the rock
bolt cannot counter the ground pressure. In thseca property in
which the ground pressure decreases when the gilisudeformed is
used. Specifically, the ground pressure is deeckts a certain extent
by allowing a predetermined deformation amount loé tground.
Accordingly, the rock bolt counters the decreasediigd pressure.
[0006] These measures are effective when the matgif the ground
pressure or the relationship between the deformadimount of the
ground and the ground pressure is within a predlicémge. That is,
the rock bolt is designed to cope with predicteougd characteristics.
However, the ground characteristics are variousen@pg on the
overburden height and the environment around tleawettion area.
For this reason, in the field of the art, a rock bapable of coping with
a wide range of ground characteristics has bedredes

Solution to Problem

[0007] An aspect of the invention is a rock boltiethis embedded in a
hole provided in ground, including: a first memibeat is a rod body
extending in a predetermined direction and is disdanside the hole;
and a slide regulation mechanism which disturbsoaament of the
first member in accordance with deformation of gneund, wherein the
slide regulation mechanism includes: a first regoaportion which is

fixed to the first member, and a second regulaportion which is
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separated from the first member by a predetermdisiince between
the first regulation portion and an opening of kiide and contacts the
first regulation portion when the first member mewe accordance with
the deformation of the ground.

[0008] When the ground having the rock bolt embedteerein is
deformed, the first member has a mode of movingcecordance with
the deformation of the ground and a mode of digtgrithe movement
by the slide regulation mechanism. According testh modes, the
rock bolt can provide different resistance forcesspectively
corresponding to the modes to the ground. Thus,pbssible to cope
with a wide range of ground characteristics.

[0009] Further, the rock bolt according to an asp#cthe invention
may further include: a second member that is abaaly extending in
the predetermined direction and is provided in Ipgrdo the first
member inside the hole; a slide connection mechamwhich connects
one of the first member and the second memberamtiner thereof to
be relatively movable; and a slide control mechanighich generates a
force in a direction opposite to a movement diggctivhen one of the
first member and the second member moves with cedpethe other
thereof. The first member may include a first egten portion which
is elastically deformable. The slide regulation ch@ism may
regulate a range in which one of the first membasd #he second
member is movable with respect to the other theredhe stiffness of
the first extension portion may be larger than stithess of the slide
control mechanism.

[0010] Since the rock bolt includes the slide catio® mechanism, it
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Is possible to relatively move one of the first niemand the second
member with respect to the other thereof.  Thenrindu this
movement, the slide control mechanism generatessistance force
with respect to the movement. Further, the maximedvement
positions of the first member and the second merateedefined by the
slide regulation mechanism. When the ground haweggrock bolt
embedded therein is deformed, the rock bolt firspes with the
deformation of the ground while generating thestesice force by the
movement of the first member and the second mennkiag the slide
control mechanism. According to the resistancedoit is possible to
counter a relatively small ground pressure. Thhs, rock bolt can
support the ground generating a relatively smathugd pressure.
Then, after the first member and the second memaaeh the maximal
movement positions, the deformation of the groumdhandled by the
extension of the extension portion of the first rhem According to
the extension of the extension portion, stressereegated.  According
to the stress, it is possible to counter a reltilagge ground pressure.
Thus, the rock bolt can support the ground gemnegatirelatively large
ground pressure. Here, the stiffness of the ekiengortion of the
first member is higher than the stiffness of thdestontrol mechanism.
For this reason, when the deformation of the growadurs, the
movement of the slide connection mechanism occuarb taen the
extension of the first extension portion occurshug; the rock bolt can
support the ground generating a relatively smalligd pressure and the
ground generating a relatively large ground pressuiThus, the rock

bolt can cope with a wide range of ground charasties.
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[0011] The slide connection mechanism may conneet end of the
first member and one end of the second memberdo @her, the slide
regulation mechanism may define a maximum lengtimfthe other end
of the first member to the other end of the seamednber, and the first
member may include a first anchor portion whichpisvided at the
other end side in relation to the first extensiontipn and maintains a
relative position with respect to the ground. Aciog to the slide
regulation portion, it is possible to control thate of supporting the
ground using the resistance force generated by stiie control
mechanism to a desired state. Further, accordinghése anchor
portions, it is possible to control the state gi@arting the ground using
the stress generated in the first member and tbendemember to a
desired state.

[0012] The rock bolt may further include a fixingeomanism which is
attached to the other end side in relation to itts¢ &nchor portion and
maintains a relative position with respect to tlieugd and the first
member may further include a second extension gortwhich is
provided between the other end and the first ancportion.
According to this configuration, the fixing mechsmi is caught by the
opening of the hole. For this reason, the othdrdadrthe first member
to which the fixing mechanism is attached servearaanchor. Thus,
since the second extension portion extends, amegporesponding to
the deformation of the ground can extend.

[0013] The slide control mechanism may be a congowasspring. A
relationship between the deformation amount ofcthrapression spring

and the force can be easily obtained. Thus,pbssible to easily set a
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force in a direction opposite to the movement dioacof the rod body.
[0014] A cross-sectional area of the first anchortipn may be larger
than a cross-sectional area of the first extengation. According to
this configuration, the anchor portion protrudesrirthe first extension
portion toward the ground. Since the protrudingtipo serves as a
resistance in the movement direction of the firstmher, it is possible
to appropriately maintain the relative positiortleé anchor portion with
respect to the ground.

[0015] Further, the first regulation portion maylude a first contact
portion which contacts the second regulation portaf the slide
regulation mechanism. The second regulation portay include an
insertion portion through which the first memberinserted and a
second contact portion which is provided to surtbudhe insertion
portion and with which the first contact portion noes into
press-contact. The rock bolt can provide a fimsistance force
generated in the mode until the first contact partontacts the second
contact portion to the ground. Furthermore, tlek tmolt can provide a
second resistance force generated in the mode thiefirst contact
portion contacts the second contact portion togiweind. Since the
slide regulation mechanism disturbs the movemerth@ffirst member
after the first contact portion contacts the secoondtact portion, the
second resistance force is larger than the fisstance force. Thus,
the rock bolt can support the ground generatingelatively small
ground pressure by the first resistance force. theurthe rock bolt can
support the ground generating a relatively largaugd pressure by the

second resistance force. Thus, the rock bolt age avith a wide
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range of ground characteristics.

[0016] The slide regulation mechanism may furtmetude a distance
regulation portion which regulates a maximum diséatetween the
first regulation portion and the second regulatipartion. The
switching timing from the first resistance forcetl@ second resistance
force can be controlled by the distance betweenfitise regulation
portion and the second regulation portion. Thus¢esthe distance
regulation portion is provided, the slide regulatimechanism can
control the switching timing from the first resista force to the second
resistance force. Thus, the rock bolt can gendhateesistance force
suitable for supporting the ground.

[0017] The distance regulation portion may be ilille member of
which one end is fixed to the first regulation pmwtand the other end is
fixed to the second regulation portion and whichs hea length
corresponding to the maximum distance. Accordirg this
configuration, the second regulation portion is separated from the
first regulation portion by the length or more betflexible member.
Thus, it is possible to suppress a distance froen fitst regulation
portion to the second regulation portion from betmma maximum
distance or more.

[0018] The distance regulation portion may be atrpsion portion
which is provided at a position separated from fingt regulation
portion in the extension direction of the first nimn by a distance
corresponding to the maximum distance. Accordirg this
configuration, the second regulation portion is separated from the

first regulation portion beyond the position of theotrusion portion.
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Thus, it is possible to suppress a distance froen fitst regulation
portion to the second regulation portion from betmma maximum
distance or more.
[0019] The first regulation portion may include attachment surface
which extends in the predetermined direction andvkach a fixing
material filled in the hole is attached. The ditaent surface may be
provided with a ridge portion protruding from th#taahment surface.
According to this configuration, it is possiblegtvongly attach the first
regulation portion and the fixing material to eather.
Advantageous Effects of Invention
[0020] According to the rock bolt of the inventianis possible to cope
with a wide range of ground characteristics.
Brief Description of Drawings
[0021] FIG. 1 is a diagram showing a cross-seabioa tunnel to which
a rock bolt according to this embodiment is applied

FIG. 2 is a cross-sectional view showing a stmectf the rock
bolt according to this embodiment.

FIG. 3 is a cross-sectional view showing an opanaif the rock
bolt shown in FIG. 2.

FIG. 4 is a graph showing a support function efribck bolt.

FIG. 5 is a cross-sectional view showing a rock &ccording to
a modified example.

FIG. 6 is a cross-sectional view showing a rock &ccording to
Comparative Example 1.

FIG. 7 is a cross-sectional view showing a rock &ccording to

a reference example.
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FIG. 8 is a cross-sectional view showing a stmgctf a rock
bolt according to a second embodiment.

FIG. 9 is a cross-sectional view showing a stmgctf a rock
bolt according to a comparative example.

FIG. 10 is a graph showing characteristics of ithek bolts
shown in FIGS. 8 and 9.

FIG. 11 is a diagram showing an operation of tbekrbolt
shown in FIG. 8.

FIG. 12 is a cross-sectional view showing a mediixample of
the rock bolt according to the second embodiment.

FIGS. 13(a) and 13(b) are perspective views shpaimodified
example of a ring shown in FIG. 8.

FIG. 14 is a diagram showing a structure of thekrbolt
according to a modified example.
Description of Embodiments
[0022] Hereinafter, embodiments of the inventionl Wwe described in
detail with reference to the accompanying drawings. the description
of the drawings, the same components will be dehbte the same
reference numerals and a repetitive descriptioredievill be omitted.
[0023] As shown in FIG. 1, a rock bolt 1 is usedtimnel construction
using a so-called New Austrian Tunneling Method TNA. In the
tunnel construction using NATM, ground 101 is exated. Next, a
concrete wall 102 is provided. Next, a hole 10Brsvided to extend
from the concrete wall 102 to the ground 101. Thiea rock bolt 1 is
embedded in the hole 103.
[0024] As shown in FIG. 2, the rock bolt 1 is emthed in a fixing
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material 104 filled in the hole 103. The fixing teaal 104 is, for
example, mortar or resin.

[0025] The rock bolt 1 includes a fixed side roddpo(a second
member) 2, a movable side rod body (a first memBBera fixing
mechanism 4, and a connection mechanism (a slidenection
mechanism) 6.

[0026] The fixed side rod body 2 is provided in attbm 103b in
parallel to the movable side rod body 3. The fig&tk rod body 2 is a
columnar rod body. The fixed side rod body 2 edserfrom the
bottom 103b toward an opening 103a. A high-terstigel rod having
relatively high stiffness is used in the fixed sidd body 2. One end
of the fixed side rod body 2 is fixed to a conn@ttmechanism 6. The
other end of the fixed side rod body 2 is embeddéhe fixing material
104.

[0027] The fixed side rod body 2 further includesotfixed side
anchors 7 and 8, a fixed side shaft portion 9, afiged side extension
portion 11. When the ground 101 is deformed, #tative positions of
the fixed side anchors 7 and 8 with respect to grmnd 101 are
maintained. A case capable of maintaining thetjposwith respect to
the ground 101 means a case in which the movemeourg of the
fixed side anchors 7 and 8 with the deformatiorthef ground 101 is
smaller than the extension of the fixed side spaftion 9. According
to this configuration, the deformation of the grdutOl acts on the
fixed side extension portion 11. The shapes ofiieel side anchors 7
and 8 are not particularly limited as long as thapge can maintain the

position with respect to the ground 101. For eXamihe fixed side

10
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anchors 7 and 8 may have disc shapes each havnogsasectional area
larger than the cross-sectional area of the fixeel shaft portion 9. In
other words, the outer diameters of the fixed sidehors 7 and 8 are
larger than the outer diameter of the fixed sidaftshortion 9. The
fixed side anchor 7 is disposed in the vicinityooe end of the fixed
side shaft portion 9. The fixed side anchor 8ispased in the vicinity
of the other end of the fixed side shaft portion Fhe fixed side
extension portion 11 is provided between the figielé anchors 7 and 8.
The fixed side extension portion 11 is elasticalgformable with the
deformation of the ground 101. The fixed side esi@n portion 11
has stiffness based on the diameter of the fixee sihaft portion 9 and
the Young's modulus of the steel material.

[0028] The movable side rod body 3 is disposed lmn gide of an
opening 103a of the hole 103. The movable sidebody 3 is a
columnar rod body. The movable side rod body & to protrude
from the hole 103. A high-tensile steel rod haviegatively high
stiffness is used in the movable side shaft porfi@dnsimilarly to the
fixed side rod body 2. One end of the movable smt body 3 is
connected to the connection mechanism 6. The athdr of the
movable side rod body 3 protrudes from the oped@a. The fixing
mechanism 4 is attached to the other end of theabiewside rod body
3.

[0029] The movable side rod body 3 includes a mievaide shaft
portion 12, movable side anchors 13 and 14, a mpidit6 (a first
regulation portion), and movable side extensiorigos 16, 17, and 18.

The movable side anchors 13 and 14 have the sanwido and

11
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configuration as those of the fixed side anchoasd 8 of the fixed side
rod body 2. The movable side anchor (the firsthangortion) 13 is

attached to the vicinity of the other end of thevalde side shaft
portion 12. The movable side anchor 14 is attachetiveen the
movable side anchor 13 and the piston 15. Thempi$b has a disc
shape. The piston 15 is fixed to one end of theahle side shaft
portion 12. The outer diameter of the piston 1faiger than the outer
diameter of the movable side shaft portion 12. Thhavable side

extension portions 16, 17, and 18 are elasticadfpminable with the

deformation of the ground 101 similarly to the fixeide extension
portion 11. The movable side extension portions1% and 18 have
stiffness based on the diameter of the movableshdé portion 12 and
the Young's modulus of the steel material. The alb side extension
portion (the first extension portion) 16 is prowideetween the movable
side anchors 13 and 14. The movable side extensiotion (the

second extension portion) 17 is provided between rtfovable side
anchor 13 and the fixing mechanism 4 at the othdrsade in relation to
the movable side anchor 13. The movable side sixterportion 18 is

provided between the movable side anchor 14 angitten 15 at one
end side in relation to the movable side anchor 13.

[0030] The fixing mechanism 4 maintains the rekatposition of the

other end of the movable side rod body 3 with respe the ground

101. The fixing mechanism 4 includes a washer i@ a bolt 21.

The washer 19 is a disc-shaped or rectangular plateber. The area
of the washer 19 is larger than the opening arethefopening 103a.

A through-hole is provided at the center portiorihef washer 19. The

12
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other end side of the movable side rod body 3 seried through the
hole 103. The bolt 21 is attached to a male s@enion provided at
the other end side of the movable side rod bodyThe bolt 21 causes
a force of pressing the washer 19 against the gr@Qd.

[0031] The connection mechanism 6 includes a cyilwadl cylinder
casing (a slide connection mechanism) 22. In thesitipnal
relationship between the fixed side rod body 2 tiedmovable side rod
body 3, the cylinder casing 22 connects one of tteethe other thereof
to be relatively movable. In the positional redaship between the
fixed side rod body 2 and the movable side rod b®dthe cylinder
casing 22 defines a range in which one of thenelstively movable
with respect to the other thereof.

[0032] The fixed side rod body 2 is fixed to onademall 22a of the
cylinder casing 22. One end wall 22a faces théobotl03b of the
hole 103. The piston 15 is accommodated insidecyiiader casing
22. The other end wall 22b (the second regulagortion) of the
cylinder casing 22 includes a through-hole 22c. e Thovable side
extension portion 18 is inserted through the thihehgle 22c. The
center axis line of the through-hole 22c overldpes denter axis line of
the cylinder casing 22. The inner diameter ofttireugh-hole 22c is
slightly larger than the outer diameter of the nim@aside shaft portion
12. The inner diameter of the cylinder casing<&lightly larger than
the outer diameter of the piston 15. In short, th@vable side rod
body 3 may slide with respect to the cylinder cgt8. The piston 15
and the other end wall 22b constitute a slide gl mechanism 23.

The slide regulation mechanism 23 regulates theafrievrange of the

13
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movable side rod body 3 with respect to the fixeleé sod body 2.

[0033] The cylinder casing 22 accommodates a ptyrabf
compression springs (slide control mechanisms) 2¥hen one of the
fixed side rod body 2 and the movable side rod b8dyoves with
respect to the other thereof, the compression g@dngenerates a force
in a direction opposite to the movement directiomhe compression
spring 24 is disposed between the piston 15 andittex end wall 22b.
[0034] Next, the operation of the rock bolt 1 whte ground 101 is
deformed will be described.

[0035] FIG. 3(a) shows the rock bolt 1 in an idiggate. In the initial
state, the piston 15 of the movable side rod body [@ressed against
one end wall 22a of the cylinder casing 22 by tbmgression spring
24. The entire length of the rock bolt 1 is a lnigl from the other
end of the fixed side rod body 2 to the other enith& movable side rod
body 3. Thus, the length L1 of the rock bolt Xhe initial state is the
shortest. In the rock bolt 1 in the initial staéeposition maintained
with respect to the ground 101 indicates a porfi@a to which the
fixing mechanism 4 is attached, the movable sidshars 13 and 14,
and the fixed side anchors 7 and 8. Thus, the lbotkl in the initial
state has three regions capable of following thiordwtion of the
ground 101 when the ground 101 is deformed alongnoement
direction A1. Three regions include a first regRRh, a second region
R2, and a third region R3. The first region Ra iegion between the
portion 12a and the movable side anchor 13. Thengeregion R2 is
a region between the movable side anchor 13 anfixée side anchor

7. The third region R3 is a region between thediside anchors 7

14
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and 8.

[0036] The first region R1 is provided with the natie side extension
portion 17. The third region R3 is provided withetfixed side
extension portion 11. Thus, the first region Rl #re third region R3
cope with the deformation of the ground 101 whikeading on the
basis of the stiffness of the movable side extenprtion 17 and the
fixed side extension portion 11. Meanwhile, theosel region R2 is
provided with the connection mechanism 6. Thue,décond region
R2 copes with the deformation of the ground 10llevthe movable
side rod body 3 moves on the basis of the stiffiéthe compression
spring 24 accommodated in the connection mechaBisnmHere, the
stiffness of the movable side extension portionahd the fixed side
extension portion 11 is larger than the stiffne$she compression
spring 24. In other words, the stiffness of thenpeession spring 24 is
smaller than the stiffness of the movable sideresxtm portion 17 and
the fixed side extension portion 11. Accordingttie relationship of
the stiffness, the second region R2 extends bef@dirst region R1
and the third region R3 extend when the groundid@&formed.

[0037] FIG. 3(b) shows the rock bolt 1 when theeagion of the
second region R2 becomes maximal. When the irgtate shown in
FIG. 3(a) changes to the state shown in FIG. 3 piston 15
gradually moves toward the opening 103a. Thus, abmpression
spring 24 contracts. A force generated in a doach2 opposite to the
movement direction Al of the piston 15 due to tbataction of the
compression spring 24 is applied to the piston Ikhe force acting on

the piston 15 is transmitted to the movable sidshars 13 and 14 and
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the portion 12a through the movable side shaftigori2 so that the
deformation of the ground 101 is disturbed.

[0038] Then, when the compression spring 24 is cesged to the
minimum length as shown in FIG. 3(b), the piston cehnot move
toward the opening 103a. A state from the inis&te until the

movement of the piston 15 is regulated will be mefe to as a first state
and a state after the movement is regulated wilrdferred to as a
second state. In the second state, the movemeaheahovable side
rod body 3 toward the movement direction Al is tatpd. Thus, the
rock bolt 1 in the second state has five regiopslbke of following the

deformation of the ground 101. Five regions ingica fourth region
R4, a fifth region R5, and a sixth region R6 in iidd to the first

region R1 and the third region R3. The fourth oegR4 is a region
between the movable side anchors 13 and 14. Tthadgion R5 is a
region between the movable side anchor 14 and igtenpl5. The
sixth region R6 is a region between the cylindsirgpa22 and the fixed
side anchor 7.

[0039] For example, as shown in FIG. 3(c), whenaa @01b of the
ground 101 corresponding to the third region R@eformed, a force is
applied to the fixed side extension portion 11 Isat tthe fixed side
extension portion 11 between the fixed side ancioamd 8 extends.
At this time, the fixed side rod body 2 extends tbe basis of the
magnitude of the applied force and the stiffnesstha fixed side
extension portion 11. Similarly, for example, whepart 101c of the
ground 101 corresponding to the fourth region Rdeformed, a force

is applied to the movable side rod body 3 so that movable side

16



10

15

20

25

FP16-0863-00

extension portion 16 extends. At this time, thevafide side rod body
3 extends on the basis of the magnitude of theieppbrce and the
stiffness of the movable side extension portion 16.
[0040] The operational effect of the rock bolt 1lwe described while
comparing with a rock bolt according to a compaséxample.
[0041] First, ground characteristics regarding gubudeformation
induced by ground excavation will be described.G.H is a graph
showing a ground reaction curve showing ground adtaristics. A
horizontal axis indicates displacement. A verteeab indicates stress.
The stress is also referred to as a ground pressiitee ground reaction
curves G1 to G6 respectively indicate a relatiomsi@tween the ground
pressure and the displacement of the ground hadiiifgyent ground
characteristics. A relationship between the growgattion curves G1
to G6 and the ground characteristics is as beloWe overburden
height indicates the thickness of the ground fram wpper end of the
tunnel to the ground surface. The rock mass dieason is one of
indexes showing the behavior of the ground. Adddily, in the
following description, it is assumed that the gutD1 has ground
characteristics indicated by the ground reactione®G4.

Ground reaction curve G1 ... Overburden height: I®ack
mass classification: slightly hard.

Ground reaction curve G2 ... Overburden height: teidBock
mass classification: slightly hard.

Ground reaction curve G3 ... Overburden height: higbck
mass classification: slightly hard.

Ground reaction curve G4 ... Overburden height: 1&eck

17
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mass classification: slightly soft.

Ground reaction curve G5 ... Overburden height: teidBock
mass classification: slightly soft.

Ground reaction curve G6 ... Overburden height: highck
mass classification: slightly soft.
[0042] When the ground reaction curves G1, G2,@8dre compared
with one another, it is understood that the gropnessure becomes
higher as the overburden height becomes higherferfte to the
ground reaction curve G1 (Overburden height: lowpciR mass
classification: slightly hard), it is understoodattthe ground pressure
becomes lower as the displacement becomes larglis tendency is
also the same in other ground reaction curves G234, G5, and G6.
Further, when the ground reaction curve G1 (Ovelbirheight: low,
Rock mass classification: slightly hard) and theugid reaction curve
G4 (Overburden height: low, Rock mass classificatislightly soft)
having the same overburden height are comparedesith other, the
inclination of the ground reaction curve G4 is leothan the inclination
of the ground reaction curve G1. In other wortlss understood that
the inclination becomes looser as the rock masssi@ileation index
becomes lower. Then, the ground causes elastcrdafion when the
displacement is small, but causes plastic defoomativhen the
displacement (or damage) is large. Points P1 teeffectively shown
in the ground reaction curves G1 to G6 show limitatlies relating to
the elastic deformation of the ground. For exampiden the
displacement of the ground having the ground reacturve G1

(Overburden height: low, Rock mass classificati@hghtly hard)

18
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becomes larger than the displacement shown in dn& B1, plastic
deformation occurs. In addition, these ground atiaristics are
general trends and a relationship between overhurdght and ground
pressure is various due to plate motions and fauksirther, the ground
property values are not uniform in one region. d$htis difficult to
recognize these ground characteristics with higlacy.

[0043] First, a rock bolt according to a compamataxample will be
described. FIG. 6 shows a rock bolt 201 accordm@omparative
Example 1. As shown in FIG. 6(a), Comparative Epleni relates to
a so-called full fixing type rock bolt 201. Theckobolt 201 includes a
male screw-shaped unevenness (not shown) providedni outer
peripheral surface of a core material 202. Sitnee fixing material
104 which is mortar enters the unevenness, a velatosition of a
portion embedded in the fixing material 104 in thek bolt 201 with
respect to the ground 101 is maintained.

[0044] A bolt characteristic diagram G11 of FIGsHbws a relationship
between the displacement of the rock bolt 201 dress generated in
the rock bolt 201. When the ground 101 is deforntled full fixing
type rock bolt 201 extends in response to the de&ton of the ground
101 (see the extensiakS3 of FIG. 6(b)). Stress is generated in the
rock bolt 201 by the extension. When the extensibthe rock bolt
201 increases as indicated by the bolt charadgtedsigram G11, the
stress increases in proportion to the extensionheM\the extension of
the rock bolt 201 exceeds the yield point of theekmaterial (see the
point P8 of the bolt characteristic diagram G1hg tock bolt 201 is
plastically deformed to be eventually broken ($eeextensiodS4 and

19
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the point P9 of the bolt characteristic diagram @GlEIG. 6(c)).

[0045] Here, the ground characteristic of the gobtf1 is the ground
reaction curve G4 (Solil covering height: low, Raunkss classification:
slightly soft). A state in which the ground 10Xigported by the rock
bolt 201 is indicated by the intersection point B&tween the bolt
characteristic diagram G11 and the ground reacdtiowe G4. The
rock bolt 201 exhibits high pull-out strength sirtbe relative position
of the core material 202 embedded in the fixing emak 104 with

respect to the ground 101 is maintained. For el@ngso in other
grounds (see the ground reaction curves G2, G3,GB)dcausing a
higher ground pressure than that of the ground D& bolt

characteristic diagram G11 has intersection powith the ground

reaction curves G2, G3, and G5. Thus, it is pésdib improve the
ground deformation suppressing effect. Meanwlnlghe case of the
ground (see the ground reaction curve G6) causihgrger ground

pressure, there is no intersection point betweenbthit characteristic
diagram G11 and the ground reaction curve G6. iEhlsecause the
rock bolt 201 cannot withstand the ground pressarthat the rock bolt
201 is broken. When the rock bolt 201 is brokesupport function

disappears. Specifically, if a ground pressureentban expected is
applied, there is a possibility that the slippagéufe between the rock
bolt 201 and the fixing material 104 or the breakafjthe rock bolt 201
may occur.

[0046] FIG. 7 shows a rock bolt 301 according t@f@rence example.
As shown in FIG. 7(a), the reference example relaiea so-called slide
type rock bolt 301. The rock bolt 301 includes/inder casing 302, a
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piston 303, and a rod body 304. The piston 3G8t&ched to one end
of the rod body 304. The piston 303 is accommatlatehe cylinder
casing 302. The piston 303 is movable in the centrs line direction
of the rod body 304 inside the cylinder casing 302he other end of
the rod body 304 protrudes from the hole 103. wWhsher 19 and the
bolt 21 are attached to the other end of the radlyI[804. The outer
peripheral surface of the rod body 304 is not mtedi with the
unevenness as in the rock bolt 201. That is, thielbody 304 can
follow the deformation of the ground 101 when thietibn with the
fixing material 104 is reduced.

[0047] The bolt characteristic diagram G12 of FI&. shows a
relationship between the extension of the rock BOlt and the stress
generated in the rock bolt 301. When the grourided@ends, the rod
body 304 of the slide type rock bolt 301 slideshwéspect to the fixing
material 104 and the piston 303 moves inside thi@dgr casing 302
(see the extensiodS5 in FIGS. 4 and 7(b)). The states of the
extension and the stress at this time are shown fine@ point P11 to the
point P12 in the bolt characteristic diagram G1As shown from the
point P11 to the point P12 in the bolt charactierdtagram G12, stress
caused by the movement of the rod body 304 doesawir in the rock
bolt 301. That is, stress is uniform and does inotease from the
initial state (see FIG. 7 (a)) of the rock bolt 3@lthe state (see FIG.
7(b)) until the piston 303 contacts the cylindesiog 302. Then, the
ground 101 is further deformed after the piston fadtacts the
cylinder casing 302 (see FIG. 7(b)). At this tiniee rod body 304

cannot move in response to the deformation of tbergd 101. Thus,
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the rod body 34 extends to cope with the deformaticthe ground 101
(see the extensiaS6 in FIGS. 4 and 7(c)). By the extension, stigss
generated in the rod body 304 of the rock bolt 301.

[0048] When the ground 101 is deformed, the rodyl®@# of the rock
bolt 301 moves in response to the deformation. sTthe entire length
of the rock bolt 301 extends (see the point PXhegoint P12). Since
the rock bolt 301 allows the deformation of theugrd 101, the ground
pressure of the ground 101 decreases with an serneadisplacement
amount. Next, the rod body 304 extends in respotwsethe
deformation of the ground 101 after the piston 803tacts the cylinder
casing 302. Then, as indicated by the intersegmnt P13 between
the ground reaction curve G4 and the bolt chanstiediagram G12,
the rock bolt 301 reaches a support state whemgrinend pressure of
the ground 101 and the stress of the rod body B9#alanced.

[0049] According to the rock bolt 301, the deforioatof the ground
101 is allowed to a certain degree. Thus, it bex@ support state
while the ground pressure of the ground 101 deesasSpecifically,
in the case of the ground 101 having ground cheriatits indicated by
the ground reaction curve G4, the ground pressutha support state
(see the intersection point P13) of the rock boOlt & lower than the
ground pressure in the support state (see thes@uion point P7) of the
rock bolt 201. In this way, the slide type rocKti®01 can decrease
the stress in the support state by allowing therdedtion of the ground
101.

[0050] Meanwhile, the rock bolt 301 does not caasg force of
supporting the ground 101 while the piston 303 movmside the
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cylinder casing 302 (from the point P11 to the p&ih2). Thus, there
Is concern that the rock bolt 301 may cause exoessoseness of the
ground 101. This excessive looseness may causegriend to
collapse. When the ground has ground charactsistdicated by the
ground reaction curves G1, G2, G3, and G4, thasettion points
between the ground reaction curves G1, G2, G3,&hdnd the bolt
characteristic diagram G12 indicating the supptatesall exist in a
region exceeding an elastic limit. In other wortigre is a possibility
that the movement of the rod body 304 of the ramk 201 may include
an unnecessary movement with respect to the grbvanthg ground
characteristics indicated by the ground reactianez1G1, G2, G3, and
G4. Due to this unnecessary movement, the groGadsl plastically
deformed in the support state.

[0051] Next, a relationship between the displacdnaenl the stress of
the rock bolt 1 according to this embodiment wikk llescribed.
Further, a relationship of the ground pressure va#ipect to the state of
the displacement and the stress of the rock balilllbe described.
The bolt characteristic diagram G13 shown in FIGindicates a
relationship between the displacement and thesstriethe rock bolt 1.
[0052] The point P14 indicates a relationship benvdisplacement and
a force when the rock bolt 1 is in the initial stésee FIG. 3(a)). Inthe
initial state, no stress is generated in the rook b. Next, a range
from the point P14 to the point P15 indicates ati@hship between the
displacement and the stress when the rock boltid tise first state (a
transition state from FIGS. 3(a) to 3(b)). In thi&nge, a force

corresponding to the stiffness of the compressimmmg 24 and the
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contraction length of the compression spring 24génerated. In
addition, the displaceme§S1 from the point P14 to the point P15
corresponds to the movable length of the piston THen, a range
from the point P15 to the point P16 indicates ati@hship between the
displacement and the stress when the rock bolirltiee second state (a
transition state from FIGS. 4(b) to 4(c)). In thiange, a force
corresponding to the extension length and thenssf in the fixed side
extension portion 11 and the movable side extengamions 16, 17,
and 18 having the extensiohS2 is generated. Additionally, the
inclination of the bolt characteristic diagram Giiédn the point P15 to
the point P16 corresponds to the stiffness in thedfside extension
portion 11 and the movable side extension portk#)sl7, and 18. As
indicated by the bolt characteristic diagram Gh8,rock bolt 1 has two
different displacement-stress relationship ranges.

[0053] When the ground 101 is deformed, the lehdtlof the rock bolt
1 increases since the movable side rod body 3 mouwesponse to the
deformation (see from the point P14 to the poir)P1 The rock bolt 1
allows the deformation of the ground 101. Thus, dhound pressure
of the ground 101 decreases with an increase pladisment amount.
Meanwhile, the rock bolt 1 generates stress imection A2 opposite to
the movement direction Al by the compression sp&dgwith the
movement of the movable side rod body 3. As indtaby the
intersection point P17 between the ground reacatiowve G4 and the
bolt characteristic diagram G213, the rock bolt Actes a support
completion when the ground pressure of the groiidand the stress

of the compression spring 24 are balanced.
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[0054] Here, referring to the bolt characteristiagdam G13 and the
ground reaction curves G1, G2, G3, G5, and G6 dtiar the ground
reaction curve G4, it is understood that the bbéracteristic diagram
G13 has intersection points P18 to P22 with anthefground reaction
curves G1, G2, G3, G5, and G6. That is, the raik bcan reach a
support state in any ground having the ground cieriatics indicated
by the ground reaction curves G1 to G6. Thus,rtoi bolt 1 can
cope with a wide range of ground characteristics.

[0055] Further, the intersection points P17 to P@lcating the support
completion are all included in a range in which de¢ormation amount
is smaller than those of the points P1 to P6 ingligathe elastic
deformation limit value. Thus, the rock bolt 1 a@ach the support
completion within the elastic deformation regiorGenerally, when the
ground 101 is plasticized, the possibility of th&esgth being
deteriorated with the lapse of time increases. ofdgiagly, it is
desirable to support the ground in the elastic medtion region.
Thus, the rock bolt 1 can support the ground 10&=nnappropriate
condition. Additionally, the ground 101 may redbh support state in
the plastic deformation region.

[0056] Briefly, the movable side rod body 3 is mdvaong with the
deformation of the ground 101 in the rock bolt The deformation of
the ground 101 is allowed by the movement of thevabte side rod
body 3 so that the ground pressure decreases. mbliement of the
movable side rod body 3 also generates stressodtiee tcompression
spring 24. Then, the fixed side extension porfidrand the movable

side extension portions 16, 17, and 18 are deforfted the movement
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amount of the movable side rod body 3 becomes naxinThat is, the
movable side rod body 3 and the fixed side rod b®ddyre deformed
after a change in ground pressure converges. €ffaist can be easily
understood when compared with the effect of thé toalt 301 of the
reference example. That is, the rock bolt 30Thefreference example
does not generate stress contributing to the supygole the rod body
304 moves. Thus, there is concern that the rodk 3@l of the
reference example may allow excessive deformatiadheoground 101.
Meanwhile, the rock bolt 1 of this embodiment gaetes stress that
contributes to the support caused by the compmresgong 24 while
the movable side rod body 3 moves. According i®ttie stress, even
when the rod body 304 and the movable side rod Bolagve the same
movement amount, the ground having the groundiceacturves G1 to
G6 can be supported within the elastic deformategjion. Thus, the
rock bolt 1 can prevent excessive stress from bgemgerated in the
movable side rod body 3 and the fixed side rod ba&dywhile
suppressing an excessive deformation of the gr@0dd

[0057] In other words, in the rock bolt 1 accordinghis embodiment,
the movable side rod body 3 moves and the fixeel sidension portion
11 and the movable side extension portions 16add 18 slightly move
due to the deformation of the ground 101 havingelatively large
ground pressure. Uniform tension stress is geeenatthe fixed side
extension portion 11 and the movable side extengations 16, 17,
and 18 so that the stress resists the ground peessiVhen the
displacement caused by the connection mechaniseaéhes a slide

length, the movement of the movable side rod bodg Begulated.
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Thus, the movable side rod body 3 cannot move byslide length or
more. The slide length is set as the movable rarigbe piston 15
inside the cylinder casing 22.

[0058] Although the slide length may be approphaset to conform to
the ground characteristic, there is a case in wthetoverburden height
or the rock mass classification of the ground 18dnot be accurately
recognized in advance. Thus, a rock bolt that wately follow the
deformation of the ground having general groundctrea curves
indicated by G1 to G6 in FIG. 4 is required.

[0059] In general, a steel material is used inrthek bolt. Examples
of this steel material include STD510 (JIS M 25®@®®2), SD345 (JIS
M 2506-1992), SD295 (JIS M 2506-1992), and SS123®e(lish
Industry Standard). Although these materials reacheld point by
the extension (strain) of about 0.2%, they subseiyjuandergo plastic
deformation and extension from 15% to 20% to bd&édmo However,
the movable side rod body 3 and the fixed sidebmdly 2 of the rock
bolt 1 except for the slide portion of the rocktbblare fixed to the
ground 101 through the fixing material 104 suchmastar. When the
local deformation of the ground is taken into cdesation, such
extension just contributes to 50% or less of therdeation amount of
the rock bolt with respect to the deformation (theplacement) of the
ground. It is desirable that the slide length loé rock bolt 1 is
substantially the same as the plastic deformatroauat for the entire
length of the rock bolt except for the slide lengththe slide portion.
Specifically, the lower limit of the entire lengdlf the rock bolt except

for the slide length of the slide portion may be¥d@r more and
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desirably 5% or more. The upper limit of the slidegth may be 15%
or less and desirably 20% or less. According tohsa range, it is
possible to widely follow the deformation of thengeal ground.
Additionally, the "entire length of the rock bolkaept for the slice
length of the slide portion" mentioned herein iades, for example, a
length L1 from the other end of the fixed side tmlly 2 to the other
end of the movable side rod body 3 in the statehith the piston 15 is
in contact with one end wall 22a as shown in FI@).3 That is, it can
be said that the rock bolt 1 is in the initial stahd the rock bolt 1 is the
shortest.

[0060] Further, it is desirable to set the boltreleteristic shown in the
graph G13 of FIG. 4 to a desired characteristiarder to widely follow
the deformation under various ground conditionss shAown in FIG. 4,
the bolt characteristic is expressed by the relatigp between the
displacement and the stress (the ground pressur@)he bolt
characteristic can be controlled by the extensibrthe connection
mechanism 6 of the rock bolt 1, the extension efftked side rod body
2 and the movable side rod body 3, or the arrangeofehe fixed side
anchors 7 and 8 of the fixed side rod body 2 aedntbvable side rod
body 3. For example, the fixed side anchors 7&sdrving as knots
generate a friction force and a resistance fortle mgspect to the mortar
as the fixing material. The friction force and ttesistance force can
be controlled by the arrangement interval or thenetisions (for
example, the heights) of the fixed side anchorad?& According to
the fixed side anchors 7 and 8, since a relatiletye friction force and

a relatively large resistance force can be gemgrdteese forces are
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effective to control the bolt characteristic.

[0061] Additionally, the above-described embodimesihows an

example of the rock bolt according to the inventioifhe rock bolt

according to the invention is not limited to thekdoolt according to the
embodiment. For example, the rock bolt may be fremtlior applied

to other purposes in the range not changing thedgiscribed in each
claim.

[0062] As shown in FIGS. 5(a) and 5(b), the ancportion is not

limited to the shapes of the movable side anch8rarid 14 and the
fixed side anchors 7 and 8 of the above-descrilnglobdiment as long
as the relative position with respect to the groli@tl can be maintained
and various shapes can be employed. An anchdop&@tC shown in

FIG. 5(a) has a hump shape. Further, an anchéiopd@D shown in

FIG. 5(b) has a shape in which a part of the rodybis bent in an

S-shape.

[0063] As shown in FIGS. 5(c), 5(d), and 5(e), tklee control

mechanism is not limited to the compression sprddgas in the

above-described embodiment as long as a resistlmce can be

generated at the time of moving the movable side ody 3 and

various configurations can be employed. A slidatiad mechanism

26 shown in FIG. 5(c) includes a compressible flagb filled in a

piston casing 26a. When the movable side rod W®dyoves, the

compressible fluid 26b is compressed by the pig6o. The slide

control mechanism 27 shown in FIG. 5(d) includesmical portion 27a
provided in the movable side rod body 3. Whenniowable side rod

body 3 moves, the conical portion 27a moves whilenrng resin 27c
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filled in a piston casing 27b. According to thisn@iguration, the
apparent stiffness increases as the conical poBffanenters the resin
27c. A slide control mechanism 28 shown in FIG)5fcludes a
conical portion 28a provided in the movable sid# lbody 3. The ring
28b is disposed at a position separated from timecabportion 28a
toward the opening by a predetermined distance.coiling to this
configuration, since the shear failure of the fiximaterial 104 which is
mortar is less likely to occur as the conical mortR8a approaches the
ring 28b, the nominal stiffness increases.

[0064] Next, a rock bolt according to another embwmuoht of the
invention will be described. As shown in FIG. 8,rack bolt 1A
according to another embodiment of the inventiatuiles a main shaft
51, a ring 52, and a wire 53 (a position regulagamtion, a flexible
member). The ring 52 is a component different fribid main shaft
51. Thus, the position of the main shaft 51 caenge with respect to
the ring 52.

[0065] The main shaft 51 includes a rod body 5#réa member) and a
sleeve 56. For example, the main shaft 51 may lasg&ucture in
which external threads provided on a first rod bdytion 57 and a
second rod body portion 58 are screwed into fenmakads provided in
the sleeve 56 to be integrated.

[0066] The rod body 54 is a columnar rod body. Tbe body 54
includes a first rod body portion 57 and a secaubody portion 58.
The center axis line of the first rod body portt®h and the center axis
line of the second rod body portion 58 are dispasethe same virtual

line. The first rod body portion 57 extends fromecend 56a of the
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sleeve 56 toward the opening 103a of the hole 108e end portion of
the first rod body portion 57 protrudes from thesoipg 103a. The
fixing mechanism 4 is attached to a protruding padion of the first

rod body portion 57. Further, the second rod boeolyion 58 extends
from the other end 56b of the sleeve 56 towardbtittom 103b of the
hole 103. The outer diameters of the first rodybpdrtion 57 and the
second rod body portion 58 may be substantiallystome or different
from each other. In this embodiment, it will besdebed that the first
rod body portion 57 and the second rod body pos®rnave the same
outer diameter. For example, the outer diametetiseofirst rod body

portion 57 and the second rod body portion 58 guealeto or larger

than 20 mm and equal to or smaller than 30 mm.

[0067] The sleeve 56 is provided between the fodtbody portion 57

and the second rod body portion 58. The sleeviealSsGa substantially
columnar shape and includes a base portion 5%stadper portion 61,
and a second taper portion 62. The base portiohas9a uniform

outer diameter D1 in the axial direction. The bpséion 59 has a
columnar shape and includes an outer peripherdacgr59a (an

attachment surface) extending in the axial directio The outer

peripheral surface 59a is provided with a pluratifyidges 59b (ridge
portions) and the fixing material 104 is attachbdréto in the initial

state. Thus, the movement of the base portion B@chas the
movement of the fixing material 104 in the init&thte. Meanwhile,
when the deformation of the ground progressesatifachment between
the base portion 59 and the fixing material 10draken. Thus, in this

state, the movement of the base portion 59 does nmetth the
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movement of the fixing material 104 and a slip ssdaetween the base
portion 59 and the fixing material 104.

[0068] The outer diameters of the first taper port61l and the second
taper portion 62 change in the axial direction. e Tinst taper portion
61 is provided on the side of the opening 103aiaciddes one end 56a
of the sleeve 56. Thus, the first taper portioni€tonnected to the
first rod body portion 57. The second taper poré2 is provided on
the side of the bottom 103b and includes the athdr56b of the sleeve
56. Thus, the second taper portion 62 is connectede second rod
body portion 58. The outer diameter D1 of the bpsdion 59 is
larger than the outer diameters D2 of the first body portion 57 and
the second rod body portion 58. The maximum oditameter of each
of the first taper portion 61 and the second t@oetion 62 matches the
outer diameter D1 of the base portion 59.

[0069] The length L51 of the base portion 59 in &&l direction may
be, for example, equal to or longer than 0.01 anakto or shorter than
0.25 with respect to the length L52 of the mainfisid (0.01 <
(L51/L52) < 0.25). Desirably, the length L51 may be equaloto
longer than 0.025 and equal to or shorter tharwii respect to the
length L52 (0.02% (L51/L52)< 0.1). Further, the length L51 of the
base portion 59 in the axial direction may be,éwample, longer than
the length L53 of the first taper portion 61 in taal direction. For
example, the length L51 of the base portion 59 Mmayequal to or
longer than 0.01 and equal to or shorter than B mispect to the length
L53 of the first taper portion 61 (0.&1(L53/L51)< 2). Desirably, the
length L51 may be equal to or longer than 0.05 eouhl to or shorter
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than 1 with respect to the length L53 (09%L53/L51)< 1). More
desirably, the length L51 may be equal to or lonigan 0.125 and equal
to or shorter than 0.75 with respect to the lengd8 (0.125<
(L53/L51)< 0.75).

[0070] The ring 52 has a cylindrical shape andudek a front end
surface 52a, a rear end surface 52b (a secondctqu#ion), and a
through-hole 52c¢ (an insertion portion). The fistl body portion 57
Is inserted through the through-hole 52c formegbérforating from the
front end surface 52a to the rear end surface 5Zhe outer diameter
D3 of the ring 52 is uniform in the axial directionThe outer diameter
D3 of the ring 52 is larger than the outer diamé&térof the base portion
59 of the sleeve 56. The inner diameter D4 oftlineugh-hole 52c of
the ring 52 is larger than the outer diameter D2hef first rod body
portion 57. Desirably, the inner diameter D4 igtdly larger than the
outer diameter D2 of the first rod body portion 5Further, the inner
diameter D4 of the through-hole 52c is desirablaltn than the outer
diameter D1 of the sleeve 56. According to suaing 52, the first
taper portion 61 (the first contact portion) of thleeve 56 (the first
regulation portion) contacts the rear end surféte (fhe second contact
portion) of the ring 52 (the second regulation jpot Thus, the ring
52 (the second regulation portion) and the sleévélte first regulation
portion) constitute a slide regulation mechanisiA.23

[0071] Next, the operational effect of the rocktloh will be described
while comparing with the operational effect of akdolt according to a
comparative example. As shown in FIG. 9, a rock P00 according

to a comparative example is different from the rdckt 1A of this
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embodiment in that the ring 52 is not provided. ughthe main shaft
51 of the rock bolt 1A according to the compara@x@mple has the
same configuration as the main shaft 51 of the bmtk1A according to
this embodiment.

[0072] Mortar was filled as a fixing material irpgoe simulating a hole
provided in the ground. Next, the rock bolts 1AdaR00 were
embedded in this mortar. At this time, a front efdhe first rod body
portion 57 was exposed from an opening of the pipghen, a front end
of the first rod body portion 57 exposed from thertar was gripped
and a tensile load was applied in the axial dioecof the rock bolt.
The movement amount of a reference point providedhe first rod
body portion 57 exposed from the mortar with resgecthis tensile
load was confirmed. This movement amount is cabseak least one
of the extension of the rock bolt and the moveneéfihe rock bolt.
[0073] FIG. 10 is a graph obtained by confirming tbharacteristic
experiment of the rock bolt 1A according to the ediment and the
rock bolt 200 according the comparative example.veRical axis of
the graph indicates a load applied to the rock.boFurther, a
horizontal axis of the graph indicates the movemamiount (the
displacement) of the reference point provided @rttk bolt. That is,
FIG. 10 shows a resistance force (a load) whidererated by the rock
bolt with respect to the displacement of the groundhe bolt
characteristic diagram G51 shows the result of ribek bolt 200
according to the comparative example. The boltagttaristic diagram
G52 shows the result of the rock bolt 1A accordmthe embodiment.
[0074] First, the result (the bolt characteristiaglam G51) of the rock

34



10

15

20

25

FP16-0863-00

bolt 200 according to the comparative example wadicned. The
bolt characteristic diagram G51 could be dividdd iwo regions on the
basis of the displacement (the horizontal axis)hatTs, a region F1 in
which a load largely increases with respect todisplacement and a
region F2 in which a load gently increases withpees to the
displacement are provided. In the region F1, ttiacAment state
between the rock bolt 200 and the fixing materi@¥ I(mortar) is
maintained and an extension corresponding to tffeests of the rock
bolt 200 with respect to the load is expected. midale, in the region
F2, the attachment state between the rock bolt & the fixing
material 104 is not maintained and a slip of thekdoolt with respect to
the fixing material 104 is expected. According the bolt
characteristic diagram G51, in the rock bolt 20@oading to the
comparative example, it is found that the regionifr2vhich a load
gradually increases with respect to the displacénsedominant and
only one load characteristic shown in the regiond-@btained. That
IS, since the displacement of the rock bolt 20@nge when a large load
Is applied, it is found that there is a possibilityat stress against the
ground pressure of the ground cannot be obtainesh\ire rock bolt is
installed in the ground.

[0075] Next, the result of the rock bolt 1A accoglio the embodiment
was confirmed. The bolt characteristic diagram Géald be divided
into three regions on the basis of the displacerfibathorizontal axis).
That is, a region F3 in which a load largely insesawith respect to the
displacement, a region F4 in which a load genttyeases with respect

to the displacement, and a region F5 in which d laggely increases
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again with respect to the displacement are providddhat is, the rock
bolt 1A according to the embodiment is differemnfrthe rock bolt 200
according to the comparative example in that tlggoreF5 in which a
load largely increases with respect to the displecd is generated after
the region F4 in which a load gently increases wahpect to the
displacement. That is, since it is possible taegse the displacement
of the rock bolt 200 even when a large load is iagplit is found that
stress against the ground pressure of the groumdbeabtained when
the rock bolt is installed in the ground.

[0076] First, in the region F3, an extension c@oesling to the
stiffness of the rock bolt 1A with respect to thead is expected
similarly to the rock bolt 200 according to the qmarative example.
Next, also in the region F4, the attachment stateiden the rock bolt
1A and the fixing material 104 is not maintained anslip of the rock
bolt 1A with respect to the fixing material 104egpected similarly to
the rock bolt 200 according to the comparative elanf{see FIGS.
11(a) and 11(b)). The region F3 and the regioraféddifferent from
each other in the attachment state between the boltklA and the
fixing material 104. The attachment state is ficed by the ridge
59b provided in the outer peripheral surface 59ahef sleeve 56.
Thus, when the surface shape of the outer peripherace 59a of the
sleeve 56 is appropriately set, the extension fileeregion F3 to the
region F4 can be set to a desired value. Further,considered that
the resistance force of the region F4 is causedthey difference
(corresponding to the projection area of the fiegter portion 61 in a

plane W orthogonal to the axial direction) betwéle® outer diameter
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D1 of the sleeve 56 and the outer diameter D2 effitst rod body
portion 57 and the inclination of the first tapergion 61 with respect to
the axis. Thus, it is found that the region F4he bolt characteristic
diagram G52 can be controlled according to a deésiharacteristic on
the basis of the shape of the sleeve 56.

[0077] Meanwhile, in the region F5 of the bolt daeristic diagram
G52, the sleeve 56 contacts the ring 52 so thantbeement of the
main shaft 51 is disturbed (see FIG. 11(c)). Tisisbecause the
resistance force increases when an area in whehirly 52 faces the
fixing material 104 is larger than an area in whibh sleeve 56 faces
the fixing material 104 in a plane orthogonal te thovement direction
of the main shaft 51. Thus, two load charactess{the regions F4
and F5) can be realized by disposing the ring 52.

[0078] Further, it is found that the switching timgifrom the state of the
region F4 to the state of the region F5 can beroted when a distance
L54 (see FIG. 8) between the sleeve 56 and theShgs controlled.
For example, when the distance L54 is set to bet,stiee switching
from the state of the region F4 to the state of rdgion F5 can be
performed with a relatively small displacement. awenhile, when the
distance L54 is set to be long, the switching ftbm state of the region
F4 to the state of the region F5 can be performid avrelatively large
displacement. Thus, it is understood that theoregr5 can be
controlled according to a desired characteristithenbasis of the shape
(particularly, the cross-sectional area) of theyrb2 and the distance
L54.

[0079] Shortly, when the ground having the rocktkdbA embedded
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therein is deformed, the first rod body portionH&s modes of moving
with the deformation of the ground and being distgr in the
movement by the slide regulation mechanism 23A. cofding to these
modes, the rock bolt 1A can provide different resise forces
corresponding to the respective modes to the groudthus, it is
possible to cope with a wide range of ground charsstics.

[0080] Specifically, the rock bolt 1A can providdist resistance force
which is generated in a mode until the first tgpartion 61 contacts the
rear end surface 52b to the ground. Further, tok bolt 1A can
provide a second resistance force which is gereerata mode after the
first taper portion 61 contacts the rear end serfa2b to the ground.
Since the slide regulation mechanism 23A distunesmovement of the
first rod body portion 57 after the first taper fpam 61 contacts the rear
end surface 52b, the second resistance force gerlahan the first
resistance force. Thus, the rock bolt 1A can supgoe ground
generating a relatively small ground pressure lg filst resistance
force. Further, the rock bolt 1A can support thheugd generating a
relatively large ground pressure by the secondtaste force. Thus,
the rock bolt 1A can cope with a wide range of gilbuharacteristics.
[0081] As described above, the distance L54 betwieesleeve 56 and
the ring 52 is a factor for obtaining a desired rabteristic. The
distance L54 can be set to, for example, 30 mnOom#éh. Thus, it is
desirable to manage the distance L54 betweendkgesb6 and the ring
52. Here, the rock bolt 1A of this embodiment uagds a wire 53
which manages the distance L54 between the sle@emd the ring 52.

One end of the wire 53 is fixed to a predetermimedition (for
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example, the base portion 59) of the sleeve 56rthéy the other end
of the wire 53 is fixed to the ring 52. When tierig mechanism 4 is
attached to the rock bolt 1A and the rock bolt $Anserted into the
uncured fixing material 104, the ring 52 connedtethe sleeve 56 by a
wire (a flexible member) is moved toward the opgril®@3a of the hole
103 during the insertion. At that time, since ttimg 52 is connected to
the sleeve 56 by the wire (the flexible memberg timg 52 can be
disposed at a position separated from the sleely B6desired distance
using the wire 53. Additionally, a wire differefrom the wire 53 is
attached to the ring 52 and one end of the wirdrgales from the
opening 103a. Then, the wire may be drawn afterdlck bolt 1A has
been inserted into the uncured fixing material 10According to this
configuration, the ring 52 can be reliably disposa&td a position
separated by a desired distance.

[0082] Briefly, the switching timing from the firgesistance force to
the second resistance force can be controlled bydiktance L54
between the first taper portion 61 and the rearsemthce 52b. Thus,
since the wire 53 is provided, the slide regulatoechanism 23A can
control the switching timing from the first resista force to the second
resistance force. Thus, the rock bolt 1A can gere resistance force
suitable for supporting the ground.

[0083] Specifically, according to a distance regataportion which is
the wire 53, the rear end surface 52b is not segghfeom the first taper
portion 61 by the length or more of the wire 53.hug, it is possible to
suppress a distance from the first taper portiotoghe rear end surface

52b from becoming a maximum distance or more.
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[0084] Additionally, a configuration of managingethdistance L54
between the sleeve 56 and the ring 52 is not larehe wire 53.  For
example, as shown in FIG. 12, a protrusion porGiérmay be provided
at a predetermined position of the first rod bodytipn 57. The
protruding length of the protrusion portion 64 &ger than a gap
between the outer peripheral surface of the fadtbody portion 57 and
the inner peripheral surface of the ring 52. This,ring 52 does not
move toward the front end of the first rod bodytmer 57 from a
position in which the front end surface 52a of timg 52 contacts the
protrusion portion 64. Thus, it is possible to @@ the distance L54
between the sleeve 56 and the ring 52.

[0085] Further, in this embodiment, the ring 52 hasylindrical shape.
The shape of the ring 52 is not limited to the raytical shape. As
shown in FIG. 13(a), a ring 52A may include a tlgiodnole 52¢ through
which the first rod body portion 57 is inserted anthrough-hole 52d
which is different from the through-hole 52c. Mt as shown in
FIG. 13(b), the ring may include the through-hd@s and 52d and a
notch portion 52e provided in an outer peripheoatipn of a ring 52B.
Furthermore, the ring may include the through-tsf?e and the notch
portion 52e provided in the ring 52B (not showniccording to the
through-hole 52d or the notch portion 52e, it isgble to control an
area facing the fixing material 104. For examplben an area facing
the fixing material 104 is set to be small, it @spible to suppress a
resistance at the time of the insertion into theuoed fixing material
104. Further, an area in which the front end sarfs?a of the ring 52

faces the fixing material 104 also influences tbadl (the resistance
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force) with respect to the displacement. Thuss piossible to control
a relationship between the displacement and the ilodhe state after
the sleeve 56 contacts the ring 52.

[0086] Further, the rock bolt 1A includes one dethe ring 52 and the
sleeve 56, but the invention is not limited theretéor example, as
shown in FIG. 14, the rock bolt 1B may include teromore sets of the
ring 52 and the sleeve 56. According to this apmfation, it is

possible to reliably obtain the load-displacemeéraracteristic using the
slide regulation mechanism 23A.

Reference SignsList

[0087] 1, 1A: rock bolt, 2: fixed side rod body ¢ead member), 3:
movable side rod body (first member), 4: fixing ma&gism, 6:

connection mechanism (slide connection mechanigm@, fixed side

anchor, 9: fixed side shaft portion, 11: fixed seddension portion, 12:
movable side shaft portion, 13: movable side andfiiost anchor

portion), 14: movable side anchor, 15: piston f(fregulation portion),

16: movable side extension portion (first extensipartion), 17:

movable side extension portion (second extensiotond, 18: movable
side extension portion, 22: cylinder casing, 22ae @end wall, 22b:
other end wall (second regulation portion), 23, 23Ade regulation

mechanism, 24: compression spring (slide controthaeism), 51:

main shaft, 52: ring (second regulation portion3; Wire (distance
regulation portion), 54: rod body, 56: sleeve {fisgulation portion),

57: first rod body portion (first member), 58: sedaod body portion,
59: base portion, 61: first taper portion (firshtact portion), 62: second

taper portion, 52a: front end surface, 52b: reat suarface (second
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contact portion), 52c: through-hole (insertion mor}, 101: ground,
103: hole, 104: fixing material, G1 to G6: groumdetion curve, G11,
G12, G13, G51, G52: bolt characteristic diagram.
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CLAIMS

1. A support structure provided in ground, comprising:

a fixing material filled in a hole formed in the ground;

a first member that is a rod body extending in a predetermined
direction, is disposed inside the hole and is embedded in the fixing
material;

a first regulation portion which is disposed inside the hole, is
embedded in the fixing material, has an outer diameter larger than the first
member and includes a portion which is fixed to the first member and to
which the fixing material is attached;

a fixing mechanism which in an opening of the hole is fixed to the
first member and maintains a relative position with respect to the ground;
and

a second regulation portion which is disposed inside the hole, is
embedded in the fixing material and disposed so as to be separated from the
first regulation portion toward the opening of the hole by a predetermined
distance between the first regulation portion and the opening of the hole,

wherein an attachment between the first member and the fixing
material is changed from a maintained state to a non-maintained state when
the first regulation portion of the first member moves toward the opening
of the hole in accordance with deformation of the ground, and the second
regulation portion disturbs a movement of the first regulation portion
toward the opening of the hole such that the movement of the first
regulation portion toward the opening of the hole is disturbed.

2. A support structure provided in ground, comprising:

a fixing material filled in a hole formed in the ground;

a first member that is a rod body extending in a predetermined
direction, is disposed inside the hole and is embedded in the fixing
material;

a first regulation portion which is disposed inside the hole, is
embedded in the fixing material, has an outer diameter larger than the first
member and includes a portion which is fixed to the first member and to
which the fixing material is attached;

a fixing mechanism which in an opening of the hole is fixed to the
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first member and maintains a relative position with respect to the ground,;
and

a second regulation portion which is disposed inside the hole, is
embedded in the fixing material, disposed so as to be separated in a
direction in which the first regulation portion moves in accordance with
deformation of the ground by a predetermined distance between the first
regulation portion and the opening of the hole,

wherein the second regulation portion is a component different from
the first member, and

wherein a position of the first member changes in a direction toward
the opening of the hole with respect to the second regulation portion.

3. The support structure according to claim 1 or 2, wherein the second
regulation portion is provided with a ring having a through-hole through
which the first member is inserted, an inner diameter of the through-hole
being larger than the outer diameter of the first member.

4, The support structure according to any one of claims 1 to 3, wherein
the first regulation portion has a base portion embedded in the fixing
material, and

wherein the base portion includes an outer peripheral surface to
which the fixing material is attached.

5. The support structure according to any one of claims 1 to 4, wherein
a surface area of the second regulation portion in press contact with the
fixing material, when the second regulation portion disturbs movement of
the first regulation portion toward the opening of the hole, is larger than a
surface area of the first regulation portion in press contact with the fixing
material, when the first regulation portion moves toward the opening of the
hole.

6. The support structure according to claim 4, the first regulation
portion further comprising a taper portion extending from an end of the
base portion toward the opening and to which the fixing material is
attached.
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