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DM Stress state of coal sidewall
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Stress state of coal sidewall

O E1nEEE X Unloading-loading ratio

R ENNEE Unloading-loading ratio of strain: . As,
KERNTEESBEMTREY M h' = A
Ratio of horizontal strain rate to vertical strain rate P

R AEIMEE Unloading-loading ratio of stress:
KENMNDBUERRSEEN NITWIREZE

Ratio of horizontal stress change rate to vertical stress change rate

Ae,=0




:I?:)M 1.1 BRMEAET IR

Stress state of coal sidewall
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A.Tunnelling in Pingmei No.11 B. Tunnelling in track roadway C. Mining in Pingmei No. 11
coalmine of LW3104 coalmine

A—FEEEIEHE0RE, MTENMEL =4 32f%, MO0.8B&0.4;

On the 30th day of roadway excavation, the unloading-loading ratio of strain dropped sharply from 0.8 to 0.4.

B— & BRI 1SKET, NIEMELR1SEIEES;

On the 15th day of roadway excavation, the unloading-loading ratio of strain increased suddenly from 1 to 3.

C—EIRHAE, RTEIMELIRLRIFLEC.4 ETZT).

During the mining period, the unloading-loading ratio of strain always fluctuated around 0.4.
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Stress state of coal sidewall
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True triaxial load-unload test system

> BRI EP L B2 AN SR

Simulating the stress evolution of specimens under stress path with load-unload-fix

> BRMEN DB RN R

Revealing failure process of specimens under stress path
> W EREIAIERSEY Revealing critical condition for coal bursts

r
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True triaxial load-unload test system

> Xa Yy ZZEMEBEANEVIRN S, FREBEEMHSERHNE
Specimens are loaded to different initial stresses in three directions and are tested
at specified loading and unloading rates.
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M Characteristics of triaxial stress transformation under load-unload test

021 “m-#0" NIRRT RS RAHIE

Fracture characteristics of specimens under stress path with load-unload-fix

BI85 E Y Coal burst in test:
> ANBIFESHFRERNEXEID ;

Loud noise of specimen rupture can be
heard,;

> FEAETEER:>1.0E+07pV s; KAd: FHIN Non-burst: spal lation
AE Energy:>1.0E+07pV s ; LU S -
> BN EZEHEINEM RS0,

Stress reduces suddenly at loading side in
the stress-strain curve.

<aptie

T = ¢l (S R Ny
M BB Coal burst: explosion
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M Characteristics of triaxial stress transformation under load-unload test

022 AEI=Z@MIKFER “I-E” MO EHMZEFIE 2.2 Characteristics of stress path

curves with load-unload-fix at different three-dimensional stress levels

> I—Z=EMAMEME: EEZEREASFEVERLZIIEHN ;
|—Three—dimensional loading stage: A few AE events occured due to fracture closure of
compressed specimens;

>l RAREWE: SEMD#THMIRIIE — g — Unoadng o Fx  — Energy
#2 , BEFAFERRGIIR e IR 205
Il—Pressure-holding stage: Because tri-directional stress 60 . 207
was adjusted slightly, there was almost no AE events; § >0 ! 8
= 40 5%
> I “m-E1" E—HE: EEMEBIIME, g 10
UpitEmN. FTRA&S , REBREHMAETRZEE , & 05 &
FRERER, 10 -
> III—1st stage of load-unload test: Stress at unloading side Y 0.0 2
decreased while stress at loading side increased. The ! 200 Tir:(?/s 000

absence of AE events indicates there is no large area of

cracks. Elastic stage SEEMMA High stress at fixed side
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DM Characteristics of triaxial stress transformation under load-unload test

022 AEIZERAKER “n-E” NMAEEEBLZIFIE 2.2 Characteristics of stress path

curves with load-unload-fix at different three-dimensional stress levels
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M Characteristics of triaxial stress transformgt~= **=~az

O 23 “fn-#” MABRTEFRREE 1ns
1L A3 4E Stage I
O 2.3 Evolution characteristics of specimen

wave velocity under stress path with load-
unload-fix

1T B B%
> REMBHANBEEMI PR,  Stagell
SRR X IZE HI
» At initial stage of loading, there were
random cracks in specimens, and high V&
and low wave velocity regions StgelV
alternately occurred.

LS E=q 2
High-speed
unloading stage
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M Characteristics of triaxial stress transformgt:~ oz

023 “M-8" RHRETREBERUBE | o

O 2.3 Evolution characteristics of specimen StagleI
wave velocity under stress path with load-
unload-fix

> BEESSWHHEITRERRMIGM, RKEXZE

Wik, BRATNSHER. T B
» With the increase of wave velocity, the low Stage III

wave velocity zone gradually disappeared,
forming a large area of high wave velocity
ZOne.

IV BBt
> ARBEEXEESEEXTHUNXE, 2XE Stage IV

WA XIE, ARET ELXEREERXE.

» The area changing from low wave velocity BRI B
region to high wave velocity region is the main High-speed j.x
bearing area and the potential area of coal unloading stage §.. -
bursts.
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M Characteristics of triaxial stress transformation under load-unload test

O 24 “hn-E0” HABRETRERERNFHE
Energy evolution characteristics of specimens under stress path with load-unload-fix
> UEBXENEEEX, BERMBEELBN, HARERAERBAR. MR, BHEEESHE.
» Only local region belongs to high energy region and the variation of each stage is small, which indicates specimen
has the characteristics of local loading, fracture and energy release.

I Brix
Stage [
EE E
B ()
VBBt High-speed
Stage IV unloading
stage (coal
burst)
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DM Characteristics of triaxia

stress transformation under load-unload test
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Coalburst critical value of specimens under stress path with load-unload-fix
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Two conditions of coal bursts

o ENHIRE KM Unloading rate:
<1.128mm/min , kK non-butst
>2.77mm/min , ME burst
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<60MPa , >kiiE non-butst
>60MPa , s burst

16



oy

O 26

ANENEL =5

N JI3E HREFAIE

M Characteristics of triaxial stress transformation under load-unload test
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F{E AE characteristics of specimens
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AE event location map on Z-Y plane in Stages I, 111 and

IV and high-speed unloading stage (Test block M)
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DM |nfluencing factors for load-unload test of specimens
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Unloading-loading ratio: Ratio of radial unloading rate to tangential loading rate
> AERIMBIEZEAN OMNTRIZE  Stress- strain curves at different loading rates
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DM |nfluencing factors for load-unload test of specimens
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A\

Unloading-loading ratio: Ratio of radial unloading rate to tangential loading rate

ke (BImESERER) B, BEEMaVRDREEEMER; AE<4X10Mal;

When unloading-loading ratio was high (i.e.loading rate was low), the stress at fixed side
decreased with unloading. AE<<4 X 10™4aJ

' ' ' t
When unloading-loading ratio was low, O

stress at fixed side increased. AE > oo enn D e
80 r A ﬂEHHJl_')J?:—q?ﬁ 10 L — 5T SN A
4 X 10"5ad AN |
FE N NN = |
B MR MR R R ey B | \\
230 | SEE I
0.8%%. & | =2
The critical unloading-loading ratio for -, L
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IS about 0.8. 20
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M Influencing factors for load-unload test of specimens

O 3.1 Entt—R EEEHR R ]

o] g R AL (E

Unloading-loading ratio: Ratio of radial unloading rate to tangential loading rate

> AEXREEACEMREI B IVH e

» High-energy AE events occurred during the transition from stage Il1(Elastic stage) to stage

IV (Plastic stage).

> HAPEX AN X Y R S BEED

EE B8 AR TR )

» Stress at turning point of elastic
zone and plastic zone decreased
with the increase of unloading-
loading ratio.
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DM |nfluencing factors for load-unload test of specimens
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Initial stress at loading side
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' st w1 » Higher initial axial compression: AE >
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Vertical stress 10 MPa (Test block O)
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Influencing factors for load-unload test of specimens

x

- Influencing factors
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Peak stress at loading side and stress at turning point
C from stage 111 to 1V both increased with the increase
of initial vertical stress at loading side.
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The increase of peak stress and stress at turning point
both reflect increase of coal burst hazard.
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DM |nfluencing factors for load-unload test of specimens
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Initial confining pressure

> MEMIEERNT . Sk EFMFIVEH R
RCUEHMNOBIMEENEEENS (BEE
BMAMEEMAS) HOEMTEMN;

Peak stress at loading side and stress at
turning point C from stage 11l to IV both
Increase with the increase of initial confining
pressure (including stresses at unloading side
and fixed side).
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» Stress at unloading side is the same as that at fixed side.
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» Peak stress at loading side, turning point
stress at loading side and turning point
stress at unloading side all increase with the
Increase of stress at unloading side. The
Increase of stress reflects increase of coal
burst hazard.
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»  Stress at unloading side was different from that at fixed side.
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»  Stress at unloading side was dlfferent from that at fixed side.
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