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(57) Abstract: A high ground pressure laneway stress transfer method based on a fracturing ring. Fracturing is conducted by constructing 
a drill hole (1) according to a laneway (2) stress source; a circle of artificial weakening zone, i.e., "a fracturing ring (5)", is formed in a 
surrounding rock, the high stress (8-1) of the laneway (2) surrounding rock is transferred under the action of unloading, stress blocking 
and yielding, the impact energy is absorbed by an added weak structure area, and the influence of loads on deformation of the laneway 
surrounding rock is controlled. The fracturing ring (5) is the weakening zone with a certain width, the inner boundary is called as a guard 
circle (4), and the fracturing ring with a small belt width is called as a blocking circle and a blocking arc (9). The radius of the guard 
circle (4) is generally determined by a safety coal and rock pillar barrier which is reserved at the edge of a support and has a certain 
width. The width of the fracturing ring (5) is determined according to the surrounding rock structure, geological stress conditions and 
construction process conditions, and the higher the geological stress is, the wider the fracturing ring is. All target stratums for spreading 
stress are blocked by the blocking circle and the blocking arc (9). The blocking arc (9) of a hard hanging arch (7-2) approaches or is 
the boundary between a plastic zone (12) and a crushing zone (11) of a coal pillar.
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STRESS-TRANSFER METHOD IN TUNNEL WITH HIGH GROUND 
PRESSURE BASED ON FRACTURING RING

FIELD OF THE INVENTION

[0001] This invention relates to a stress-transfer method in tunnel with high 

ground pressure, which can form an artificial weaken zone in the surrounding 

rock of a tunnel, namely, "fracturing ring". The concentrated high-stress in the 

surrouding rock of the tunnel can be transferred to a safe region that far-away 

the tunnel by unloading, stress-interruption and stress-yielding, which 

proactively reduces the stress in surrounding rock of the tunnel to a low 

manageable range. An added artificial weakened zone can absorb energy 

shock wave and control the influence of the deformation of surrounding rock in 

tunnel which caused by loading.

DESCRIPTION OF RELATED ART

[0002] The reason of instability of roadway surrounding rock in terms of 

generation mechanism is mainly divided into three aspects:

[0003] ® the high in-situ stress

[0004] Deep underground mining is becoming popular and normal in more and 

more mines especially coal mines whose buried depth may exceed 1000 m. 

The high stress usually concentrate in the tunnel which is near geological 

structure zone. Also, poor integrity of surrounding rock increase the in-situ 

stress locally or wholly, which can caused the behavior of strong in-situ stress 

such as rock burst, coal bump, and gas outburst et.al.

[0005] @ the mining disturbance

[0006] Mining sequence inevitably leave behind isolated/semidetached working 

face. Also, the stoping high gassy working face needing to release methane for 

a long time becomes isolated working face. The protective coal pillar of upper 
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working face would concentrate the high stress and additionally load it on the 

lower coal seam in adjacent coal seams mining.

[0007] The superposition of dynamic load and static load and concentration of 

stress may be induced during the roadway maintenance by the influence of its 

own face, neighbor face, upper face, lower face of steep seam, increasing the 

rate of instability failure and the risk of rock burst and coal bump. During the 

tunnel excavation, the surrounding rock is be disturbed, which as well as the 

dynamic mining pressure of neighbor faces makes the roof movement more 

active and the ground pressure behavior stronger.

[0008] @ the mechanical properties of surrounding rock

[0009] The mechanical properties of surrounding rock is important for the 

stability of tunnel. In metal mines and non-metal mines, a large area of hard 

roof of gob would always be overhung, therewith, whose dead load and the 

overburden load are transferred to the pillar and the roof of tunnel, increasing 

the loads of these zones. Secondly, the hard roof with the characters of high- 

strength and big elastic modulus, which is the ideal elastic energy storage body, 

could provide the necessary energy for the strong ground pressure behavior. 

Thirdly, most of the roof is made up of sedimentary rock which is characterized 

of good integrality, high stiffness and little deformation and is the ideal medium 

for the stress propagation. Such roof could transmit the high stress in the 

distance to the critically abutment area under the roof such as pillar, trending to 

induce the stress disturbance of the tunnel next to the working face.

[0010] In the metal mines and coal mines who have the burst-prone rock and 

coal, the burst would happen when the concentrated stress increase up to a 

value which is not less than the critical bucking strength. Similarly the coal and 

gas outburst would happen. 80% of the roadways are the coal roadways in coal 

mines at present.Special emphasis is that almost all the head entry and tail 

entry are coal roadway. There is a big risk of coal and gas outburst in coal
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roadway during the shaft and drift development and recovery.

[0011] Concentrated high-stress and the dynamic disasters such as coal bump 

and rock burst are the technical obstacles of the ground control in the roadway. 

The key roles are the mechanical properties of rock and stress condition. Many 

research showed that the stope stress distribution and dynamic disasters are 

closely related to the ambient stress condition. Reducing the stress of 

surrounding rock could effectively help to reduce the probability and severity of 

surrounding rock deformation and dynamic disasters. Thus, the key of ground 

control is the control of surrounding rock stress distribution in the tunnel. 

Surrounding rock fracturing in the roadway could create crack network, forming 

weaken zone and reducing the stress changing the stress state of surrounding 

rock. So, it is an effective way to the control the strong ground pressure 

behavior in deep mines and the roadway with the characters of serious 

deformation and dynamic disasters.

[0012] There is a prior art of ground high-pressure control in the tunnel near the 

gob by hydraulic fracturing. Firstly, the strata of hard roof is targeted according 

to the borehole columnar section of the working face. Secondly, the hole is 

drilled for the control of the front abutment pressure and the side abutment 

pressure, the grooving and the hydraulic cutting could be conducted at the 

bottom of the borehole to guide the direction of the crack initiation. Thirdly, the 

hydraulic fracturing is implemented to weaken the hard roof or cut it off along 

the designed direction, which transfer the stress and weaken the surrounding 

rock, inducing the front and side abutment stress of tunnel next to the gob. 

Weaken zone inside the surrounding rock could absorb or weaken the shock 

stress wave, which could avoid the dynamic disasters like rock burst caused by 

the sudden roof snap and control the serious deformation. This art is suitable 

for the ground high-stress control in the tunnel near the working face with the 

hard roof as well as the tunnels cross with the excavating tunnels of the
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adjacent working face.

[0013] The above art intrinsically cut off the hard roof whose one side or two 

sizes are overhanging along the designed direction and is not suitable to handle 

the problems of the isolated/semidetached working face. The tunnel, during the 

construction and maintenance, could be influenced by the mining-induced 

stress of serviced working face and surrounding working face and the value of 

the stress could be increased remarkably. Especially, when the excavation face 

of tunnel meet across with the extraction working face, the dynamic load factor 

could reach up to a high value which is several times or even more than ten 

times than it used be with a strong ground pressure behavior. So, this art is not 

suitable for the deep mines which are puzzled by the high stress and the mines 

with a high tectonic stress. Some of the driving faces have the risk of dynamic 

disaster, which are not suitable to use the above art to handle them because 

the above art could not cut off the stress. Additionally, the prior art puts forward 

the opinions of that the weaken zones in the surrounding rock could absorb and 

subside the shock wave to avoid the dynamic disasters like rock burst caused 

by the sudden subsidence of hard roof. However, such effect of the weaken 

zone could not be controlled or adjusted for specific engineering purpose.

SUMMARY OF INVENTION

Technical Problem

[0014] To overcome the defects of the prior art, the invention provides a stress

transfer method in tunnel with high ground pressure on fractured ring to avoid 

the serious deformation and dynamic disasters like rock burst caused by the 

high ground stress. The artificial weaken zone can absorb and subside the 

shock wave, whose process can be controlled.

Technical Solution 
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[0015] The technical solution of the invention for solving the problem is: a stress

transfer method in tunnel with high ground pressure on fractured ring. The 

technical solution of the invention is characterized in that: firstly, according to 

the stress conditions of the tunnel, a stress source which has caused or will 

cause the strong ground pressure in the tunnel should be targeted; secondly, a 

hole targeting to the stress source drilled to implement fracturing, so that, a 

circle of an artificial weaken zones are created in the surrounding rock of tunnel, 

namely, “fracturing ring”; a radius of the fracturing ring is determined by setting 

a certain width og the safty coal pillar barriers at the edge of a support body; 

the radius of the fracturing ring is determined by the surrounding rock structure 

and in-situ stress conditions as well as the construction technology. The higher 

the in-situ stress is, the wider radius the fracturing ring is.

[0016] Further, to get the relatively wide fracturing ring, the hole is drilled and 

the fracturing is performed in the entire hole; to get the relatively narrow 

fracturing ring, that is, “the cutting and interruption circle”, the hole is drilled and 

the pre-slotting and fracturing are conducted at the bottom of the hole.

[0017] Further, the fracturing ring can be changed basing on the engineering 

aims: when it needs to interrupt the transmission of concentrated high-stress or 

mining-induced stress towards the tunnel, the hole is drilled in the objective 

surrounding rock where the stress is concentrated. The disc area which is 

perpendicular to the hole and is at the bottom of the hole is located in the 

objective rocks. The objective rocks could be the roof, the floor, the pillar, the 

sidewall or combination thereof. The radius of the fracturing ring can be 

adjusted by changing the fracturing length of hole. If the radius of the fracturing 

ring is small enough, the fracturing ring may be approximated by a fracturing 

circle which is named as “cutting and interruption circle”. The cutting and 

interruption circle could be used to proactively cut off the mining-induced stress 

and the high stress transmitted from the tectonic zones and the far-field in the 
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deep mines, achieving the stress-interruption. When it needs to cut off the hard 

hanging roof, the needed radius of the fracturing ring is relatively small and only 

part of the ring needs to be fractured which could be called “cutting and 

interruption arch”. The cutting and interruption arch could be used to proactively 

cut off the hard overhanging roof, achieving the unloading for the tunnel.

[0018] Further, when there is one or multi-layers of hard rock stratum in the roof, 

the hole is drilled at an angle into the hard roof, the end part of the hole in the 

horizontal direction reaches to the pillar with certain distance and the pillar is 

set with a certain width between the roadway and the gob, the end part of the 

hole in the vertical direction is up to the center of the hard roof. Pre-slotting is 

performed and the fracturing is conducted in the hole according to the 

reasonable design. The preset slot induce the direction of the fracture initiation. 

The fracture propagate and extend along several direction to form a fracture 

plane consisting of one or multiple cracks whose center is the hole and whose 

length is depend on the equipment and the design. Rows of holes are set along 

the tunnel axis at a certain intervals to be drilled and fractured. The cracks 

created by fracturing may connect with each other or not. The hard roof is wholly 

cut off and the high-stress is removed from the origin.

[0019] Some roofs may be particularly hard in some mines. They would hang 

there and don’t want to collapse after recovery. Such roofs could be fractured 

after recovery. Also, such roof could be fractured before the recovery according 

to the reasonable design to form the fracture plane and the fractured roofs 

would collapse under the influence of gravity by themselves after the recovery, 

avoiding the hard roof-hanging.

[0020] The cutting and interruption circle and the cutting and interruption line 

could cut off all of the targeted rock which transmits the stress. Actually, the 

cutting and interruption line is a section which is created by the fracturing which 

cut off the hard roof. It is called breaking roof line. The optimum position of the 
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breaking roof line is the boundary line between the plastic zone and the 

crushing zone of the coal pillar.

[0021] Further, both long holes and short holes which are set in rows along the 

axis of the roadway are drilled into the hard hanging roof. The vertical 

component of both short holes and the long holes are up to the center of the 

hard roof. Among others, the long holes whose angle of elevation is small and 

whose end is closer to the side of gob but more far away from the tunnel have 

a big length. Relatively, the short holes whose angle of elevation is big and 

whose end is closer to the tunnel but more far away from side of the gob have 

a small length. The long holes whose ends are set in linear layout are the main 

fracturing holes. Similarly, the short holes whose end are set in linear layout are 

the assisted fracturing holes. All the holes are continuously set with some space 

along the tunnel in the order of the long-the short-the long-the short. The pre

slotting is performed firstly and the fracturing is conducted secondly in the 

holes. The slotting and the fracturing could create a fracture arc which is called 

‘the long holes fracture arc’ in the main fracturing holes and ‘the short holes 

fracturing arc’ in the assistant fracturing holes. The long holes fracture arc is 

used to cut off the rock strata of the hard roof and the short holes fracture arc 

is utilized to prevent the impact energy caused by the break of the roof from 

influencing the tunnel.

[0022] Further, when there are two layers of hard roof or multi-layers of hard 

roof, a group of holes is respectively constructed to fracture each layer of them. 

The number of the borehole layers depends on the number of roof layers and 

it is the same group of borehole arrangement parameters for the boreholes 

prepared for the same layer of hard roof. Similarly, the vertical component of 

the boreholes is up the center of the hard roof. Such slicing fracturing for the 

multi-layers of hard roof make the entire hard roof form layered failure.

[0023] Further, the holes are drilled in the tunnel, into the objective rocks which 
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transmit the stress or the entire surrounding rocks towards the direction of the 

roof, the floor and the roadway’s sides Then, the hole-sealing, the pre-slotting 

and the fracturing at the bottom of the hole were orderly conducted to form petty 

fracture zone or fracture plane, namely, the cutting and interruption circle. The 

cutting and interruption circle could stop the high-stress from transmitting 

towards the tunnel to achieve the stress-transfer. The job could be conducted 

at the early stage of tunnel born, before the influence of the front abutment 

pressure on the tunnel or in the tunnel influenced by the tectonic high-stress.

[0024] Further, the holes are drilled into the objective rocks which transmit the 

stress or the entire surrounding rocks from the roof, the floor and the roadway’s 

sides in the tunnel. Then, the hole-sealing and the fracturing in the whole hole 

were orderly conducted to form the fracture ring with some width. The fracture 

ring could help to transmit the high stress to the deeper zones which is out of 

the fracture ring to form a protective circle. The tunnel and the integrated 

surrounding rock of the protective circle is in the low-stress zone to avoid the 

high-stress. The job could be conducted in the tunnel which influenced by the 

high-stress of the deep mine or the tectonic high-stress.

[0025] Further, the holes on the roadway’s sides are drilled to weaken the zones 

within the fracture circle in the completed tunnel. Also, fan drilling on the tunnel 

driving face could be conducted in the direction of the heading to weaken the 

front zones within the fracture ring. A protective rock/coal pillar with the width 

of 3—10 meters are reserved at the borehole section near the tunnel when 

fracturing. The width of the protective pillar is dependent on the condition of 

surrounding rock, surrounding in-situ stress, support range and strength as well 

as the tunnel parameters.

Advantageous Effect

[0026] The fracturing methods concludes hydraulic fracturing, gas fracturing, 

CO2 phase-transition fracturing, electromagnetic pulse fracturing, capsule



9

expanding fracturing and bolts-expanding mechanical fracturing. The beneficial 

effect: the method can form an artificial weaken zone in the surrounding rock of 

the roadway, that is, "fracturing ring". The concentrated high-stress near tunnel 

can be transferred to the far-away non-threating area by unloading, stress

interruption and stress-yielding, which proactively reduces the stress to a low 

manageable range. The extra artificial weakened zone can absorb energy 

shock wave and control the deformation of surrounding rock.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The invention will now be further described by way of drawings and 

embodiments.

[0028] FIG. 1 shows the idea model of the stress transfer by fracturing ring.

[0029] FIG. 2-1 shows the stress condition before the fracturing of the roof stress 

interruption embodiment.

[0030] FIG. 2-2 shows the stress condition after the fracturing of the roof stress 

interruption embodiment.

[0031] FIG. 2-3 shows the stress condition before the fracturing of the floor 

tectonic stress interruption embodiment.

[0032] FIG. 2-4 shows the stress condition after the fracturing of the floor 

tectonic stress interruption embodiment.

[0033] FIG. 2-5 shows the stress condition before the fracturing of the floor 

mining-induced stress interruption embodiment.

[0034] FIG. 2-6 shows the stress condition after the fracturing of the floor mining- 

induced stress interruption embodiment.

[0035] FIG. 3-1 shows the stress condition before cutting off the hard hanging 

roof.
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[0036] FIG. 3-2 shows the stress condition after cutting off the hard hanging 

roof.

[0037] FIG. 4 shows the optimum location of the ‘cutting and interruption arch’ 

for the hard hanging roof.

[0038] FIG. 5-1 shows the sectional view of the long-short borehole cutting off 

conduction embodiment before fracturing.

[0039] FIG. 5-2 shows the plan view of the long-short borehole cutting off 

conduction embodiment before fracturing.

[0040] FIG. 6-1 shows the sectional view of the long-short borehole cutting off 

conduction embodiment after fracturing.

[0041] FIG. 6-2 shows the plan view of the long-short borehole cutting off 

conduction embodiment after fracturing.

[0042] FIG. 7-1 shows the stress distribution before the group fracturing-cutting 

for a multi-layers hard roof.

[0043] FIG. 7-2 shows the stress distribution after the group fracturing-cutting 

for a multi-layers hard roof.

[0044] FIG. 8 shows an embodiment which drills the boreholes on the two sides 

and performs fracturing to transfer the stress.

[0045] FIG. 9 shows an embodiment which drills the boreholes on the driving 

face of the excavating tunnel and performs fracturing to transform the stress.

[0046] In the drawings: 1, boreholes; 1-1, high level borehole; 1-2, low level 

boreholes; 1-3, long borehole; 1-4, short borehole; 2, tunnel; 2-1, entry meeting 

with the neighbor recovery face? 2-2, gob side entry; 2.3, completed roadway; 

2.4, excavating tunnel; 3, outer boundary of fracturing ring; 4, protective circle; 

4-1, protective line; 5 fracturing ring; 5-1, fracturing zone; 6, coal seam; 6-1, 

protective coal pillar; 7, roof; 7-1, hard roof; 7-2, hard hanging roof; 7-3, cutting 
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off the hanging roof; 7-4, high level hard roof; 7-5, low level hard roof; 8, 

abutment pressure; 8-1, high stress; 9, cutting and interruption arch; 10, gob; 

11, broken zone; 12, plastic zone; 13, floor; 14, overlying strata; 15, broken 

plane; 16 stoping working face; 17, roof- broken line; 18 main roof; 19, 

immediate roof.

DETAILED DESCRIPTION OF THE INVENTION

[0047] To make the purpose, the technical solution and the advantages of the 

invention’s embodiment more clearer, the technical solution of the invention’s 

embodiment will be clearly and fully described by the way of the embodiment’s 

drawings. Obviously, the described embodiment is a few part of the 

embodiments, not all of the embodiments. Basing on the embodiment of this 

invention, other embodiments which are made by those skilled in the art without 

departing from the spirit and scope of the invention described herein should 

belong to the protection scope of the invention.

[0048] The strong behavior in the tunnel is mainly related to the ambient in-situ 

stress. Reducing the surrounding rock stress of the tunnel can effectively 

reduce the probability and the intensity of the surrounding rock deformation and 

the dynamic disasters. The stress control actually transfer the high stress to 

other zones to reduce the stress of the objective zones to a controllable value 

because the high stress is not be able to be vanished. The in-situ stress causing 

the roadway instability in terms of the source can be divided into three parts: 

the roof stress, the same layer stress (the face and the roadway’s sides) and 

the floor stress. Referring to the fig 1, this invention provide the tunnel high 

stress control idea by using fracturing to transfer the stress. The idea can be 

concluded that: (1) firstly, the load on the surrounding rock should be maximally 

whittled down from the source. The fracturing to the objective strata could form 

the cutting and interruption arch to cut off the hard roof, which transmit the high 

stress caused by the hanging hard roof to the gob area; (2) the propagation 
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path by which the mining induced stress or the tectonic stress is transferred to 

the tunnel is artificially cut off. The fracturing to the objective strata form the 

cutting and interruption arch which can transfer the mining induced high stress 

to the zones far away from the tunnel. Also, the propagation path by which the 

high stress of the deep mine is transferred to the tunnel is artificially cut off as 

soon as the tunnel is completed. The connection and intersection of the 

propagating cracks caused by the fracturing form the cutting and interruption 

circle, which could stop the high stress of the far field from propagating to the 

tunnel and transfer the high stress to the filed far from the tunnel. (3) the 

fracturing to the zones of the fracturing ring could artificially form the weaken 

zone, which transfers the high stress concentrating on the surrounding rock of 

tunnel to a safe zone which is far from the tunnel. Such stress transfer keep the 

stress of the roadway’s surrounding rock a low and controllable value. The 

added artificial weaken zones can slow down and absorb the impact energy. 

So the influence of the load to the surrounding rock deformation could be 

controlled.

[0049] For the high stress situation caused by the hard hanging roof in the gob 

after the recovery, on the one hand, the directional fracturing should be 

conducted to cut off the hanging roof; on the other hand, the pre-fracturing to 

the hard roof should be conducted to alleviate burdens. For the tunnels 

especially the tunnel heading the neighbor recovery mining face which are 

badly influenced by the high stress from the deep far filed, the mining induced 

stress from the its own face and the nearby face as well as the tunnels which 

are close to the fold axis and the fault structure, the directional fracturing to the 

surrounding rock should be conducted to cut off the stress propagation path to 

interrupt the stress. For the tunnel which can not alleviate burden further and 

has been in the state of high stress, the fracturing to the surrounding rock in the 

tunnel or the heading face in the range of the fracturing ring should be 

conducted to form the weaken energy absorption zones, which guide the high
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stress to the far deeper zone.

[0050] Therefore, the process of the invention could be summed up as: the 

interruption, the burden-alleviating +interruption, or the burden-alleviating 

+interruption +stress-yielding. The specific application is as follow:

[0051] 1. Stress relief (unloading)

[0052] Referring FIG 1, FIG 3-1 and FIG 3-2, a large area of roof would hang 

and not intend to crack, which is easy to form cantilever beam. The huge load 

of the overlying strata would transfer to the zone above the tunnel and give the 

surrounding rock of the tunnel a heavy burden, which make the tunnel in the 

state of high stress. For such kind of stress source, the load should be 

maximally whittled down by the fracturing to the hard roof which could form 

artificial broken plane. The boreholes should be drilled into the hard roof in the 

tunnel, whose horizontal component is reach to the coal pillar and whose 

vertical component is up to the center of the hard roof. The pre-slotting and the 

fracturing are orderly conducted in the boreholes. The fractures caused by the 

fracturing propagate and extend along the guide groove. And they connect with 

each other to form a continuous broken plane. Also the continuity of the broken 

plane could be artificially controlled to form an oval weaken structure with 

different damage so that the hard hanging roof could be cut off entirely and the 

high stress could be remove from the source. Firstly, the hard-to-caving 

hanging roof should be cut off and reelingly sink to the gob along which the 

overlying strata reelingly sink to the gob so that the huge load could be reduced 

and the stress of the tunnel and the coal pillar could fall back to a controllable 

rang. Secondly, the artificial control to the continuity of the broken plane could 

form a weaken structure zone which meet the requirement of the design 

strength. The weaken structure zones which could absorb the impact energy 

could be used to control the roof breaking intensity to achieve safety unloading 

and reduce the secondary disaster risk like gas explosion. Thirdly, the fracture 
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plane along which the hanging roof is cut off is the part of the cutting and 

interruption circle thus is called the cutting and interruption arch. The position 

of the cutting and the interruption arch is key of the technology. The proper 

alternate interior roof-broken positions is helpful for that partial coal pillars were 

overwhelmed to be a cushion by the falling roof. The broken roof subsidence is 

buffered which reduces the risk of secondary disaster caused by the violent roof 

broken.

[0053] Referring to the FIG 3-1, FIG 3-2 and FIG 4, due to the influence of the 

hard hanging roof the integrated strength of the pillars in which there is fracture 

zone and plastic zone near the gob side is small. When the roof-broken position 

is too closer to the gob and is not interlaced with the coal pillars a large area of 

the roof would slide or cave rapidly without the support and buffer of the coal 

pillar, which might form the impact load, induce dynamic disasters and even 

squeeze out the gas instantaneously. Sometimes, the effect of the directional 

fracturing can’t be guaranteed due to the bed bending separation of hanging 

roof rock mass. There is a maximum bending deflection for the cantilever beam 

of the hard roof of which the position is usually related to the width of the fracture 

zone and the plastic zone as well as the stiffness of the coal pillar and the roof 

rocks. When the fracturing position is appropriately interlaced with the coal pillar 

on the horizontal plane, the breaking roof on the coal pillar make the load from 

the overburden strata increase, which could gradually increase the width of the 

pillar fracture zone under the hard roof and reduce the width of the effective 

abutment coal pillar. When the width of the pillar fracture zone under the roof is 

up to a proper value, the broken hanging roof would rotate to the gob slowly to 

further damage the plastic zone of the pillar below. Finally, the broken roof 

entirely slide into the gob and tightly connect with the coal gangue to form the 

stable abutment body. So, the load of the roof could be removed and the 

influence of the impact load could be avoid. When the roof-broken position is 

properly interlaced with the coal pillar, the curvature and the tension force of 
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the roof increasing, which is effectively helpful to the effect of the fracturing roof

cutting. The roof-broken position is designed to avoid the bed separation zone 

of the roof above the gob, which could make sure the fracturing effect in the 

view of construction. Of course, the interlaced position could not be too far from 

the gob, or the broken roof could not cave to contact the gangue. So, there is 

an optimum position of the roof-cutting line for the directional fracturing of hard 

hanging roof in theory. The directional fracturing g position in practice is 

determined considering both the field construction conditions and the fracture 

propagation law of the directional fracturing to make an ideals stress situation 

of the gob side entry.

[0054] It would be specially mentioned that the caving roof would certainly 

squeeze and damage part of the protective coal pillar closing to the gob side, 

which would induce the integrity and width of the protective coal pillar. The 

stress on the coal pillar and the tunnel would be transferred against the gob. 

So, enough attention should be focused on the integrity of the gob side entry 

and the variation of stress after the roof breaking.

[0055] There would be both compressive failure and shear failure in the coal 

pillar zone near the gob side when the broken roof sliding and caving. When 

the caving roof squeeze the coal pillar near the gob side to break, it is the 

compressive failure. When the sliding roof shear coal pillar near the gob side to 

break, it is the shear failure. Thus, both the compressive strength and the shear 

strength should be considered. That is, the total load Q that the overlying 

hanging rocks exert to the coal pillar should not less than the load FN that the 

pillar could afford; the shear stress t1 that the overlying hanging rocks exert to 

the coal pillar should not less than the shear strength tO of the coal pillar.

[0056] Usually, a relatively smaller value among the calculation results is chose 

as the optimum roof-broken position so that the broken hard roof could 

smoothly cave or slide into the gob in the two failure and there are enough width 
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of the effective abutment coal pillar and integrity of the tunnel surrounding rock. 

[0057] Combining the compressive failure and the shear failure, the position of 

top-broken line in the engineering of directional hydraulic fracturing to the hard 

hanging roof.

[0058] Referring to the FIG 4, the breaking plane of the hard roof-cutting is 

named as top-cutting line and the optimum position of it is the boundary line 

between the fracture zone and the plastic zone of the coal pillar. The specific 

calculation formula is as follows:

- - - - - - )+((,.),3^)// 1
4“«· 3,.),3^)(/+,)/ 2

~------------------ +%¾ +Ci,CCt%

[0059] -[χή,+y(h+H)]sma

M- (2 + 6) + (2 + 36)sinff>
[0060] In the formula, (2 + 6)(i-sm^)

4(1 + 6)csin^ 
(2 + 6)(l-sin^)

£7z3(y/z+ ^1 +··· + /„/?„)
Eh3 + Eth3 + ■■■ + Enh3

[0061] Wherein, the H is the buried depth (m) of the hard hanging roof; the D is 

the horizontal span (m) between the hanging roof at one side of the gob and 

that at another side of the gob. The a is the width (m) of the coal pillar; the I and 

the h are the length (m) and the thickness (m) of the roof cantilever beam 

relatively; the E is the elastic modulus (GPa); the E1, E2, E3,... En are relatively 

the elastic modulus of the overlying burden which are close to the main roof; 

the γ is the bulk density (MN/m3), the γ1, γ2,... γη are relatively the bulk density 

of the overlying burden which are close to the main roof, the yc is the bulk 

density of the coal seam; the hO, γθ are relatively the thickness (m) and the bulk 

density (MN/m3) of the immediate roof; the cO, φθ are relatively the cohesive 

strength (MPa) and the internal friction angle (°) of the coal seam interface; the 
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m is the height (m) of the coal seam; the c, φ, v are relatively the cohesive 

strength (MPa), the internal friction angle (°) and the Poisson ratio; the b is the 

unified parameters of the strength criterion which indicate the influence of the 

intermediate principal stress on the yield and the failure of the material and is 

equal to 7 (0<b<1); the λ is the coal seam coefficient of the horizontal pressure, 

λ=ν/(1-ν); the load of the main roof overlying strata to the rock beam of hard 

main roof is the (qn)l where the n means n layers of strata.

[0062] Referring to the FIG 5-1, FIG 5-2, FIG 6-1 and FIG 6-2 of the drawings, 

along the tunnel, rows of the long boreholes and the short boreholes are drilled 

into the hard roof with some space. The vertical components of this boreholes 

are up to the center of the hard roof. The long holes whose angle of elevation 

is small and whose end is closer to the side of gob but more far away from the 

tunnel have a big length. Relatively, the short holes whose angle of elevation is 

big and whose end is closer to the tunnel but more far away from side of the 

gob have a small length. The long holes whose ends are set in linear layout are 

the main fracturing holes. Similarly, the short holes whose end are set in linear 

layout are the assisted fracturing holes. All the holes are continuously set with 

some space along the tunnel in the order of the long-the short-the long. The 

pre-slotting is performed firstly and the fracturing is conducted secondly in the 

holes. The slotting and the fracturing could create a fracture arc which is called 

‘the long holes fracture arc’ in the main fracturing holes and ‘the short holes 

fracturing arc’ in the assistant fracturing holes. The long holes fracture arc is 

used to cut off the rock strata of the hard roof and the short holes fracture arc 

is utilized to prevent the impact energy caused by the break of the roof from 

influencing the tunnel.

[0063] Some roofs may be particularly hard in some mines. They would hang 

there and don’t want to collapse after recovery. Such roofs could be fractured 

after recovery. Also, such roof could be fractured before the recovery according 
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to the reasonable design to form the fracture plane and the fractured roofs 

would collapse under the influence of gravity by themselves after the recovery, 

avoiding the hard roof-hanging.

[0064] When there are two layers or multi-layers of the hard roof, each layers of 

hard roof is conducted a row of long-short boreholes whose vertical 

components is in the center of the roof. The same kinds of the boreholes aiming 

at the same layer of the rock have the same horizontal length. That is, the 1-1 

high level boreholes are drilled into the high level hard roof and the 1-2 low level 

boreholes are drilled into the low level hard roof. The fracturing to the objective 

stratum could stop the stress wave induced by the recovery from transferring 

to the objective surrounding rock.

[0065] Referring to the FIG 7-1 and the FIG 7-2, when there are two layers of 

hard roof or multi-layers of hard roof, a group of holes is respectively 

constructed to fracture each layer of them. The number of the borehole layers 

depends on the number of roof layers and it is the same group of borehole 

arrangement parameters for the boreholes prepared for the same layer of hard 

roof. Similarly, the vertical component of the boreholes is up the center of the 

hard roof. Such slicing fracturing for the multi-layers of hard roof make the entire 

hard roof form layered failure.

[0066] 2. Stress interruption

[0067] Firstly, there is usually a high stress in the deep mines. Under the 

influence of the far field stress, the stress of the surrounding rock in the tunnel 

would gradually rise as time goes on. Secondly, the surrounding rock of the 

tunnel may be influenced by the mining-induced stress or other disturbance of 

its own face as well as the mining-induced stress of the neighbor faces during 

the tunnel conduction and tunnel maintenance, whose stress would obviously 

rise within the range of the influence. Especially, when the tunnel extraction 

face meet with the neighbor recovery face, the dynamic load coefficient could 
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increase by several or tens of times which induce the strong ground pressure 

behavior. Thirdly, when the tunneling face meets the geological tectonic zone 

or the tunnel maintained is in the geological tectonic zone, the stress would 

highly concentrate, which might make the strong ground pressure behavior and 

serious deformation.

[0068] Firstly, for the tunnel with rising stress in the surrounding rock caused by 

the deep in-situ stress, a closed and rounded narrow fracture zone or plane 

should be formed in the periphery of the roadway. So, just after the tunneling 

complete, the stress transfer from the far filed to the tunnel should be prevent 

by the cutting and interruption circle as early as possible. Secondly, for the 

tunnel with rising stress caused by the mining recovery or the geological 

tectonic zone, the stress transfer should be stop. The location and the 

propagation path of the stress source should be targeted and the rock strata 

which transfer the stress should be specially fractured to form narrow fracture 

zone or fracture plane, namely, the cutting and interruption circle or the cutting 

and interruption arch by which the stress could be prevent from transmitting. In 

the long wall mining, the neighbor mining face usually transfer the dynamic load 

to the tunnel through the roof above the coal pillar; the upper mining face usually 

transfer the dynamic load to the tunnel through the upper roof; its own face 

usually transfer the dynamic load to the tunnel through the roof of the mining 

face side; the inclined coal seam or the steeply inclined coal seam mainly 

transfer the dynamic load to the tunnel through the floor. Thirdly, for the tunnel 

with rising stress caused by the geological tectonic structure, the rock strata 

between the structure and the tunnel should be cut off to form the fracture plane 

which stop the stress transfer.

[0069] The integrated rock stratum with middle hardness in the roof is usually 

the key stratum to propagate the high stress. Referring to the fig 1, fig 2-1 and 

fig 2-2, for this key stratum, specially targeted roof should be fractured to form 
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the fracture zone. The high stress of the floor mainly comes from the axis of the 

fold, the tectonic stress (in the fig 2-3, 2-4, there are syncline structure and 

anticline structure. The stress concentrate in the floor just as the stress line 

showed) as well as the floor of the inclined coal seam during the mining 

recovery (in the fig 2-5, fig 2-6, the main influence factor is the mining recovery 

face. The stress concentrate in the floor just as the stress line showed). 

Referring to the fig 2-2, fig 2-4 and fig 2-6, specifically, the boreholes are drilled 

into the objective surrounding rock in the tunnel, whose vertical component is 

up to the center of the objective surrounding rock. The objective surrounding 

rock may be the roof, the floor or the roadway’s sides (for example, it is the roof 

in the fig 2-1 and fig 2-2 or the floor in the fig 2-3, fig 2-4, fig 2-5 and fig 2-6). 

After the fracturing in the boreholes, the cracks connect with each other to form 

the cutting and interruption circle or the cutting and interruption line by which 

the high stress transmitting to the tunnel is artificially prevented.

[0070] 3. Stress yielding

[0071] Referring to the fig 1, fig 8 and fig 9, for the deep mine tunnel with high 

stress or the tunnel influenced by the geological tectonic high stress, the 

boreholes are drilled into the surrounding rock in the tunnel and then the 

fracturing artificially form a circle of weaken zone named fracturing ring. The 

fracturing ring is the weaken zone with some width. Considering the practical 

situation of the engineering, the distance between the fracturing ring and the 

tunnel could not be too small or the integrity of the support body of tunnel and 

the surrounding rock would be damaged. The inner boundary of the fracturing 

ring is the protective circle. The fracturing within the range of the fracturing ring 

guide the high stress to transfer to the deeper far zone, which make the tunnel 

and the integrated surrounding rock within the protective circle and the 

surrounding rock of the tunnel in the state of a low stress. The range of the 

protective circle is related to the roadway’s shape, the surrounding rock 
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condition, the ambient in-site stress and the support parameters. Referring to 

the fig 3, fig 4, fig 5, fig 6, and fig 7, on one hand, when there is no hard hanging 

roof, the stress of the tunnel could not be released by the cutting and 

interruption circle; on the other hand, the propagation of the mining induced 

stress could not be proactively prevented by the cutting and interruption circle 

or the deep tunnel has been in the state of high stress as the fig 2 shown; for 

those situation, the method named stress yielding that guide the high stress to 

deeper or other area could be conducted. The fig 8 shows the boreholes drilled 

into the roadway’s sides in the excavation completed tunnel. The depth of the 

boreholes reach to the outer boundary of the fracturing ring which is the outer 

boundary of the fracture zone in the top view. The cutting and interruption arch 

is designed according to the roadway’s shape, surrounding rock condition, 

ambient in-situ stress condition and the support parameters. Every borehole is 

sealed at the position of the protective circle which is the protective line in the 

top view so that the borehole part between the bottom and the sealed positon 

could be fractured. The parts on the two sides of the tunnel are, from the tunnel 

to the distance, the coal pillar, the protective line and the fracture zone. The 

weaken structure zone between the stress interruption line and the protective 

line could achieve the stress shadowing. The fig 9 shows the boreholes drilled 

towards the direction of the heading at the excavation face of the tunnel. The 

fan drillings are conducted in the direction of the heading and two sides near 

the excavation face, whose length reach to the outer boundary of the fracture 

circle. The outer boundary of the fracture circle is calculated on the drawings 

basing on the radius of the protective circle and the width of the weaken zone, 

which is related to the roadway’s shape, surrounding rock condition, ambient 

in-situ stress condition and the support parameters. Every borehole is sealed 

at the position of the protective circle so that the borehole part between the 

bottom and the sealed positon could be fractured. According to the roadway’s 

shape, surrounding rock condition, ambient in-situ stress condition and the 
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support parameters, the safety coal pillar should be reserve for the fracturing 

with some width which is usually 3—10 m. The existence of the fracturing ring 

form an artificial weaken zone in the periphery of the roadway on the premise 

of that there is no damage of the tunnel surrounding rock as well as the tunnel 

support body and the surrounding rock is stable and reliable, which proactively 

transfer the high stress to the external of the fracture ring to make the tunnel in 

a low stress state.

[0072] For those stress transfer methods, The fracturing methods concludes 

hydraulic fracturing, gas fracturing, CO2 phase-transition fracturing, 

electromagnetic pulse fracturing, capsule-expanding fracturing and bolts- 

expanding mechanical fracturing. The cost of the pre-slotting hydraulic 

fracturing technology is relatively low on the whole. The cost of the pre-slotting 

hydraulic fracturing technology is no more than one-tenth of that of the dynamite 

blast if they are used to deal with the same quantities of the hard roof. After the 

pre-slotting hydraulic fracturing, there is no ground pressure behavior, which 

guarantee the mine production safety. If the number of the damaged single prop 

whose purchase and installation cost is 2000 RMB hypothetically take 30 in one 

time of ground pressure behavior, the Tongxin mine of Datong coal mine group, 

whose 5105 roadway avoid 20 times of the ground pressure behavior, reduce 

the loss of 1 million 1200 thousand RMB for one tunnel by using the stress 

transfer method. Also, the delay influence of the forepoling tunnel maintenance 

to the normal production of the recovery working face is reduced, which 

increase the single working face production by 500 thousand tons of raw coal 

and create the benefit of about 93 million 200 thousand RMB.

[0073] As described above, it is only a better example of the invention, not any 

restriction of form on the invention. According to the essence of the invention, 

any simple modification and the same changes made to the above 

embodiments are within the scope of protection of the invention.



23

CLAIMS

What is claimed is:

1. A stress-transfer method in a tunnel with high ground pressure based on a 

fracturing ring, characterized in that, firstly, according to the stress conditions 

of the tunnel, a stress source which has caused or will cause the strong ground 

pressure in the tunnel should be targeted; secondly, a hole targeting to the 

stress source is drilled to implement fracturing, so that, a circle of an artificial 

weaken zones are created in the surrounding rock of tunnel, namely, “fracturing 

ring”; a radius of the fracturing ring is determined by setting a certain width of 

safty coal pillar barriers at the edge of a support body; the radius of the 

fracturing ring is determined by the surrounding rock structure and in-situ stress 

conditions as well as the construction technology, the higher the in-situ stress 

is, the wider radius the fracturing ring is.

2. The stress-transfer method in tunnel with high ground pressure based on 

fracturing ring according to claim 1, characterized in that, to get the relatively 

wide fracturing ring, the hole is drilled to perform the fracturing in the entire hole; 

to get the relatively narrow fracturing ring, that is, “the cutting and interruption 

circle”, the hole is drilled and the pre-slotting and fracturing are conducted at 

the bottom of the hole.

3. The stress-transfer method in tunnel with high ground pressure based on 

fracturing ring according to claim 2, characterized in that, the fracturing ring can 

be changed basing on the engineering aims: when it needs to interrupt the 

transmission of concentrated high-stress or mining-induced stress towards the 

tunnel, the hole is drilled in the objective surrounding rock where the stress is 

concentrated; the disc area at the bottom of the hole which is perpendicular to 

the hole is located in the objective rocks; the objective rocks could be the roof, 

the floor, the pillar, the sidewall or combination thereof; the radius of the 

fracturing ring can be adjusted by changing the fracturing length of hole; if the 
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radius of the fracturing ring is small enough, the fracturing ring may be 

approximated by a fracturing circle which is named as “cutting and interruption 

circle”; the cutting and interruption circle could be used to proactively cut off the 

mining-induced stress and the high stress transmitted from the tectonic zones 

and the far-field in the deep mines, achieving the stress-interruption; when it 

needs to cut off a hard hanging roof, the needed radius of the fracturing ring is 

relatively small and only a part of the ring needs to be fractured which could be 

called “cutting and interruption arch”; the cutting and interruption arch could be 

used to proactively cut off the hard overhanging roof, achieving the unloading 

for the tunnel.

4. The stress-transfer method in tunnel with high ground pressure based on 

fracturing ring according to claim 3, characterized in that, when there is one 

layer or multi-layers of hard rock stratum in the roof, the hole is drilled at an 

angle into the hard roof, the end part of the hole in the horizontal 

direction reaches to the pillar with certain distance and the pillar is set with a 

certain width between the roadway and the gob, the end part of the hole in the 

vertical direction is up to the center of the hard roof; pre-slotting is performed 

and the fracturing is conducted in the hole according to the reasonable design; 

the preset slot induce the direction of the fracture initiation; the fracture 

propagate and extend along several direction to form a fracture plane consisting 

of one or multiple cracks whose center is the hole and whose length is depend 

on the equipment and the design; rows of holes are set along the tunnel axis at 

a certain intervals to be drilled and fractured; the cracks created by fracturing 

may connect with each other or neighbor with each other; the hard roof is wholly 

cut off and the high-stress is removed from the origin;

some roofs may be particularly hard in some mines, they would hang there and 

cannot cave after recovery, such roofs could be fractured after recovery; also, 

such roof could be fractured before the recovery according to the reasonable 
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design to form the fracture plane and the fractured roofs would collapse under 

the influence of gravity by themselves after the recovery, avoiding the hard roof

hanging;

the cutting and interruption circle or arc could cut off all of the targeted rock 

which transmits the stress, actually, the cutting and interruption arc is a section 

which is created by the fracturing which cut off the hard roof, it is called the roof

breaking line; the optimum position of the roof-breaking line is the boundary line 

between a plastic zone and a crushing zone of the coal pillar.

5. The stress-transfer method in tunnel with high ground pressure based on 

fracturing ring according to claim 4, characterized in that, both long holes and 

short holes which are set in rows along the axis of the roadway are drilled into 

the hard hanging roof, the vertical component of both short holes and the long 

holes are up to the center of the hard roof, among others, the long holes whose 

angle of elevation is small and whose end is closer to the side of gob but more 

far away from the tunnel have a big length, relatively, the short holes whose 

angle of elevation is big and whose end is closer to the tunnel but more far 

away from side of the gob have a small length, the long holes whose ends are 

set in linear layout are the main fracturing holes, similarly, the short holes whose 

end are set in linear layout are the assisted fracturing holes, all the holes are 

continuously staggered set with some space along the tunnel in the order of the 

long-the short-the long-the short; the pre-slotting is performed firstly and the 

fracturing is conducted secondly in the holes, the slotting and the fracturing 

could create a fracture arc which is called ‘the long holes fracture arc’ in the 

main fracturing holes and ‘the short holes fracturing arc’ in the assistant 

fracturing holes, the long holes fracture arc is used to cut off the rock strata of 

the hard roof and the short holes fracture arc is utilized to prevent the impact 

energy caused by the break of the roof from influencing the tunnel.

6. The stress-transfer method in tunnel with high ground pressure based on 
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fracturing ring according to claim 4, characterized in that, when there are two 

layers of hard roof or multi-layers of hard roof, a group of holes is respectively 

constructed to fracture each layer of them, the number of the borehole layers 

depends on the number of roof layers and it is the same group of borehole 

arrangement parameters for the boreholes prepared for the same layer of hard 

roof, similarly, the vertical component of the boreholes is up to the center of the 

hard roof, such slicing fracturing for the multi-layers of hard roof make the entire 

hard roof form layered failure.

7. The stress-transfer method in tunnel with high ground pressure based on 

fracturing ring according to claim 2, characterized in that, the holes are drilled 

in the tunnel into the objective rocks which transmit the stress or the entire 

surrounding rocks towards the direction of the roof, the floor and the roadway’s 

sides, then, the hole-sealing, the pre-slotting and the fracturing at the bottom of 

the hole were orderly conducted to form petty fracture zone or fracture plane, 

namely, the cutting and interruption circle, the cutting and interruption circle 

could prevent the high-stress from transmitting towards the tunnel to achieve 

the stress-transfer, the job could be conducted at the early stage of the tunnel 

born, before the influence of the front abutment pressure on the tunnel or in the 

tunnel influenced by the tectonic high-stress.

8. The stress-transfer method in tunnel with high ground pressure based on 

fracturing ring according to claim 2, characterized in that, the holes are drilled 

into the objective rocks which transmit the stress or the entire surrounding rocks 

from the roof, the floor and the roadway’s sides in the tunnel, then, the hole

sealing and the fracturing in the whole hole were orderly conducted to form the 

fracture ring with some width, the fracture ring could help to transmit the high 

stress to the farther zones which is out of the fracture ring to form a protective 

circle, the tunnel and the integrated surrounding rock of the protective circle 

were in the low-stress zone to avoid the high-stress, the job could be conducted
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in the tunnel which influenced by the high-stress of the deep mine or the tectonic 

high-stress.

9. The stress-transfer method in tunnel with high ground pressure based on 

fracturing ring according to claim 8, characterized in that, the holes on the 

roadway’s sides are drilled to weaken the zones within the fracture circle in the 

completed tunnel, also, sector drilling on the tunnel driving face could be 

conducted in the direction of the heading to weaken the front zones within the 

fracture ring; a protective rock/coal pillar with the width of 3—10 meters are 

reserved at the borehole section near the tunnel when fracturing; the width of 

the protective pillar is dependent on the condition of surrounding rock, 

surrounding in-situ stress, support range and strength as well as the tunnel 

parameters.

10. The stress-transfer method in tunnel with high ground pressure based on 

fracturing ring according to claim 1, characterized in that, the fracturing methods 

concludes hydraulic fracturing, gas fracturing, CO2 phase-transition fracturing, 

electromagnetic pulse fracturing, capsule-expanding fracturing and bolts- 

expanding mechanical fracturing.



1/10

Fig. 1

8-1 1 2

Fig. 2-1



2/10

14

7-1

6

13

Fig. 2-2

13 2 1 8-1 2 9 6

Fig. 2-3



3/10

Fig. 2-4

8-1

13 2 1 9 16

Fig. 2-5



4/10

9
8

7-1

6

2

Fig. 3-1



5/10

Fig. 3-2

Fig. 4



6/10

Fig. 5-1

10 6-1 2

1

Fig. 5-2



7/10

Fig. 6-1

Fig. 6-2



8/10

Fig. 7-1

Fig. 7-2



9/10

Fig. 8



10/10

Fig. 9


