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Based on the study of the test specimens made with the new “solid-gas” coupling similar mate-
rial, the variation rule of energy characteristics during the compression and rupture of rocks and
the criterion to judge rock damage were obtained. The results show that during the process of uni-
axial fracturing, the peak dissipation energy of the test specimen has a logarithmic relationship
with the bone-glue ratio, while it has a positively correlated exponential relationship with the
mass ratio of gas-barrier cementing agent. It was shown that the sensitivity of peak dissipation
energy toward the mass ratio of gas-barrier cementing agent is more obvious. The research results
have provided the theoretical basis for the quantified appraisal of the fracture evolution region.
Keywords: bone-glue ratio; gas-barrier cementing agent; similar material; uniaxial fracturing;
peak dissipation energy; sensitivity

Ha ocHoBanum maydemwuss oOpasIiioB, IOJIyYEHHBIX C KCIIOJIb30BAHHUEM HOBOI'O MOJIEJIBHOIO
Mareprasia OJIM3KOro 1o XapaKTePUCTUKAM K TBEP10(Pa3HOMY MaTepPHUAILY, COIePIKATIEMY Ia30BbII
ditron 1, yeTaHOBIEHBI 3aKOHOMEPHOCTY H3MEHEHU I 9HEPreTHIECKUX XapPaKTePUCTUK IIPU CiKATUN
¥ paspbiBe TOPHBIX ITOPOJI, a TAKIKe KPUTEPUH JJIs OIEHKHU ITOBPEKIECHUS ITOPOIbl. Pe3yibraTh
TIOKA3BIBAIOT, YTO B IIPOIECCE OJHOOCHOTO PAa3phIBA MTUKOBAA JHEPTHUS TUCCUIAIINY UCIBITYEMOTO
00pasIia uMeer JIOTapru(pPMUIECKYI0 3aBUCUMOCTD OT OTHOCHUTEILHOTO COIEPIKAHUA KOCTHOTO KJIed,
M IIOJIOYKUTEJIHHO KOPPEJINPOBAHHYIO 9KCIIOHEHITUAIBHYIO0 3aBUCKMOCTE OT MaCCOBOT'0 COOTHOIIIEHU ST
ra3obapbepHOro meMeHTupyomero areara. [lokasamno, YTo 4YyBCTBUTEIILHOCTh TMKOBON 9HEPTUHU
IUCCUIIAIIMY K BeJUYMHE (PAKTOpa OTHOCHTEJILHBIX MACCOBBIX COHEPIKAHUMN rasodapbepHOro
IEMEeHTHUPYIOIIEero areHTa 6ojee oueBuIHA. Pe3yIbTaTsl MCCIIeI0BAHMUS TO3BOJIMIIN TEOPETUIECKHT
000CHOBATH KOJIMYECTBEHHBIE OIIEHKY B 00JIACTH 9BOJIIOIIUY TPEIHH.

Hocnig:xkenua ¢gaxTopis, M0 BINIMBAIOTHL HA MIKOBY €HEPril0 AUCHUIAIII] HIJIAXOM
¢isuuHOro Moge/IIOBaHHA MaTepiay, 10 iMiTye ByIJIelieBUi TBepAOTIIbHUI MaTepiai,
mo mictutsk razosuil quroin. Yocao [len-cam, Xe Binv-neil, Cso Ilens, An Epxao, I'ao [[3inb-650

Ha migcrasi BuBYeHHS 3pa3KiB, OTPUMAHUX 3 BUKOPUCTAHHSIM HOBOTO MOJ[€JIBHOTO MaTepiary,
0JIM3BKOr0 3a XapaKTePUCTUKAMHU JI0 TBePI0oga3Horo Marepially, SKUi MICTUTh ra3oBUM (JIroi,
BCTAHOBJIEH] 3aKOHOMIPHOCTI 3MIHM €HEPTeTHYHUX XaPAKTEePUCTUK IIPU CTUCHEHHI 1 PO3pUBi
TIPCHKUX TIOPIT, a8 TAKOMK KPUTEPIN I OIIHKY IIOIIKOKEHH mopoau. Pe3dybratu mokas3yooTh,
0 B MpPOILECl OJHOOCHOI'O0 PO3PUBY IINKOBA €HEPris AUCHMAIN] BHIPOOYyBAHOIO 3paska Mae
JorapudMivHy 3aJIesKHICTH BlJ] BITHOCHOTO BMICTY KICTKOBOTO KJIEHO, 1 TIOSUTUBHO KOPEIOBAJIN
€KCIIOHEHTHY 3aJIEKHICTh Bl MACOBOI'0O CIIIBBLIHOIIEHHS Ira300apbepHOro IeMEeHTYIUYOr0 areHTa.
Tloxasamo, 110 Yy TIMUBICTD MIKOBOI €HEepril IUCHUITAIN] 0 BeJIUYNHHA (PAKTOPA BIIHOCHUX MAaCOBUX
3MicCTiB ras3o0apbepHOro IIEMEHTYIOUOr0 areHTa OLIbII OYeBHAHA. PesybraTh IOCIIOKeHHS
JT03BOJIAJIH TEOPETUYHO OOIPYHTYBATH KIJIBKICHI OI[IHKY B 00JIACT1 €BOJIIOLIT TPIIIHH.
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1. Introduction

With the continuous increasing of coal
mining depth, gas disaster happens more fre-
quently because of the influences from the
multi-physical fields of mining. Thus, finding
a method to describe the dominant channel of
gas in the mining fracture field and the range
of gas enrichment areas so as to realize the ef-
ficient control and utilization of gas has become
extremely urgent. Currently, many scholars
at home and abroad have carried out a large
amount of research from different perspectives
[1-20] but it hasn’t conducted in-depth research
on the energy release rule of the “solid-gas”
coupling similar material during the process of
fracturing. Therefore, this paper has analyzed
the energy dissipation characteristics as well as
their sensitivities of test specimens made with
the existing proportions of “solid-gas” coupling
similar material under uniaxial loading condi-
tion, which will provide certain theoretical ba-
sis for subsequent research to conduct the two-
dimensional mining induced crack evolution in
enclosure space and identify the range of areas
of development in the rock stratum during the
gas migration coupling physical similarity sim-
ulation experiment. It will also provide certain
basis for perfecting the multi-physical field cou-
pling during mining, as well as the theory and
technical system for the simultaneous extrac-
tion of coal and gas.

2. Experimental Scheme and Samples

2.1 Experimental Scheme

In order to study the influence rule of the
two factors, A (the bone-glue ratio) and B (the
mass ratio of gas-barrier cementing agent) on
the peak dissipation energy of the test speci-
mens made with the new “solid-gas” coupling
similar material during the process of uniaxial
fracturing. 5 proportions have been selected for
the bone-glue ratio and the mass ratio of gas-
barrier cementing agent respectively to design
a total of 25 groups of experiments for the anal-
ysis and research. See Table 1 for the experi-
mental design.

2.2 Experimental Samples

The similar materials for making the test
specimens are the new "solid-gas" coupling
similar materials self developed and produced
by the laboratory. The materials contain river
sand, cement, amylum and Bone-Glue. The
similar material test specimens are made
with the dimension of DYh=50mmY100mm
with the self-made double-open-ended cylinder
mould (see Figure 1). To avoid the influences
of other controllable factors on the experiment
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Table 1 Experimental design for the energy
dissipation of test specimens made with the
new “solid-gas” coupling similar material

No. Factor
1 1:10 | 0.015 | 0.026 | 0.035 | 0.041 | 0.045
2 1:20 | 0.015 | 0.026 | 0.035 | 0.041 | 0.045
3 1:30 | 0.015 | 0.026 | 0.035 | 0.041 | 0.045
4 1:40 | 0.015 | 0.026 | 0.035 | 0.041 | 0.045
5 1:50 | 0.015 | 0.026 | 0.035 | 0.041 | 0.045

Fig. 1 Double-open-ended cylinder mould

Fig. 2 Part of the experimental samples

results during the process of test specimens
production, it is required that during the pro-
cess of test specimens production, all these fac-
tors should be the same. It is mainly required
that during the process of test specimens pro-
duction, each test specimen should go through
average material loading for three times, the
weight of the mixing material in each loading
is 1/3 of the weight of the entire test specimen,
and the impact height of each heavy punch is
1.5m. Part of the produced experimental sam-
ples are shown in Figure 2.

3. Experimental facility and proce-
dures

3.1 Experimental Facility

The experiment has adopted SAEU2S multi-
channel acoustic emission system to test the
energy dissipation characteristics of the simi-
lar material test specimens at the peak value
during the process of fracturing. Through the
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environmental noise test, the threshold value
has been set at 50dB and the sampling rate is
4000. Each channel corresponds to an indepen-
dent acoustic emission probe and a preampli-
fier. The magnification of the signal amplifier is
40 times. In order to avoid the influence of the
friction between the squeeze head and the end
face of the test specimens on the experiment,
couplant has been applied to the contact sur-
faces of the probes and the rock surfaces.

The experiment has adopted the YYW-II-EX
(Extensometer) stress gauge, as the loading fa-
cility to test the mechanical properties of the
test specimens. This facility is composed of le-
ver extensometer, base, stress ring, dialgauge,
jack, loading board, cranking bar, dialgauge,
frame, etc and the loading methods include
manual loading and electric loading. When the
electricloading is implemented, the loading rate
is 1.13mm/min; the equal shift loading method
is adopted to carry out the uniaxial fracturing
on the similar material test specimens, and the
acoustic signal acquisition and the rock loading
are carried out simultaneously.

3.2 Experimental Procedures

The specific experimental procedures are as
follows:

(1) Fix the acoustic emission sensor to the
center of the surface of ready-made new simi-
lar "solid-gas" coupling similar material test
specimens with cellulose tape. Turn on the ac-
quisition instrument and open the software to
test the environment noise and determine the
threshold value. Enter the parameter values of
the acoustic emission;

(2) Place the "solid-gas" coupling similar ma-
terial on the base of the YYW-II-EX unconfined
pressure meter. Turn on the electric reel of the
YYW-II-EX unconfined pressure meter. Adjust
the meter to make the initial value of the stress
ring as zero. Record the initial values of the le-
ver extensometer and the axial displacement
dialgauge;

(8) Turn on the electric loading of the YYW-
II-EX unconfined pressure meter, record the
readings on the dialgauges of the lever exten-
someter and the stress ring upon every two
rounds of the reel.

(4) Keep loading and recording the data un-
til the test specimens made with the new "solid-
gas" coupling similar material fractures, then
continue the experiment of next group;

(5) Sort out the experimental data with the
methods of linear regression and analysis of
variance.

4. Experimental Results and Analysis

4.1 The Influence of Bone-Glue Ratio on
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Fig. 3. The relationship between the peak dis-
sipation energy of part of test specimens during
the fracturing and bone-glue ratio

the Peak dissipation Energy of the “Solid-
Gas” Coupling Similar Material

Selecting three groups of test specimens
with the typical proportions from the data of
the test specimens made with the new "solid-
gas" coupling similar material during the pro-
cess of fracturing collected by the acoustic emis-
sion for analysis, we got the relationship curves
between the peak dissipation energy of the test
specimens made with the new “solid-gas” cou-
pling similar material during the process of
fracturing and the bone-glue ratio, which has
been shown in Figure 3.

From Figure 3, it can be seen that the peak
dissipation energy of the test specimen during
the process of fracturing increases gradually as
the bone-glue ratio increases. The peak dissi-
pation energy of the test specimen during the
process of fracturing increases rapidly when
the bone-glue ratio is in the range of 0.02~0.05,
which lies in the significance zone; and its in-
crease tends to be gentle when the bone-glue
ratio is in the range of 0.05~0.1, which lies in
the gentle zone. Through the above analysis, it
can be concluded that 0.02~0.05, namely the
significance zone, is the range in which the
bone-glue ratio has greater influence on the
peak dissipation energy dissipation of the test
specimens made with the new “solid-gas” cou-
pling similar material.

By fitting the relationship curves obtained
in Figure 3, the relation between the peak dis-
sipation energy of the test specimens made
with the new “solid-gas” coupling similar ma-
terial during the process of fracturing and the
bone-glue ratio can be obtained, which is shown
in Table 2.

From the fitting results in Table 2, in can be
seen that relationship between the peak dissi-
pation energy of the test specimens made with
the new “solid-gas” coupling similar material
during the process of fracturing and bone-glue
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Table 2 The fitting relationship between the
peak Dissipation energy of part of test speci-
mens during the fracturing and bone-glue

ratio

No. Fitting Relation ]Fjl(:;gi
1 E =1789.211+37.578Lnx, R2=0.992
2 E =914.599+60.176Lnx, R2=10.902
3 E =937.011+37.226Lnx, R2=0.984

ratio is applied to the following logarithmic
function relationship:

E =a +bIn(x),) (1)

where, E, is the peak dissipation energy of the
test specimens made with the new “solid-gas”
coupling similar material during the process of
fracturing; x, is the bone-glue ratio of the test
specimen; a,, b, c, are fitting constants, which
are determined by the inherent properties and
manufacturing techniques of the materials of
the test specimens made with the new “solid-
gas” coupling similar material.

4.2 The Influence of the Mass Ratio of
Gas-Barrier Cementing Agent on the Peak
Dissipation Energy of the Similar Mate-
rial

Without changing the bone-glue ratio, select
three groups of test specimens with the typical
proportions for analysis. The relationship curve
between the peak dissipation energy of the test
specimens during the process of fracturing and
the mass ratio of gas-barrier cementing agent
can be obtained, which is shown in Figure 4.

From Figure 4, it can be included that when
the mass ratio of gas-barrier cementing agent is
0.015~0.035, the peak dissipation energy of the
test specimens increases relatively slowly during
the process of fracturing, which lies in the gentle
zone; and when the mass ratio of gas-barrier ce-
menting agent is 0.035~0.045, the peak dissipa-
tion energy increases rapidly during the process
of fracturing the test specimens, which lies in the
significance zone; Thus it can be seen that the ap-
plication of the gas-barrier cementing agent can
increase the peak dissipation energy during the
process of fracturing the test specimens in dif-
ferent degrees; when the bone-glue ratio of the
test specimen is fixed, the higher the mass ratio
of gas-barrier cementing agent is, the bigger the
peak dissipation energy will be during the process
of fracturing the test specimens.

By fitting the curves in Figure 4, the fitting
relation between the changes of the uniaxial
fracturing peak dissipation energy of the test
specimens made with the new “solid-gas” cou-
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Table 3. The fitting relation between the peak
Dissipation energy of part of test specimens
during the fracturing and the mass ratio of
cementing agent

Fitting

No Fitting Relation Degree

1 | E,=567.241+0.956exp(124.035x;) | R*= 0.964

2 | E,=586.177+0.561exp(140.629x;) | R* = 0.980

3 | E,=507.566+63.332exp(37.297x;) | R*= 0.962
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Fig. 4. The relationship between the peak dis-
sipation energy of part of test specimens during
the fracturing and the mass ratio of gas-barrier
cementing agent

pling similar material and the mass ratio of
gas-barrier cementing agent can be obtained,
which is shown in Table 3.

From Table 3, it can be concluded that the
mass ratio of gas-barrier cementing agent and
the peak dissipation energy during the process
of fracturing are in accordance with the follow-
ing exponential relationship:

E, =a, +b, exp(c,x;) (2

In the formula, E,, x, are the peak dissipa-
tion energy of the test specimen made with the
new “solid-gas” coupling similar material dur-
ing the process of fracturing and the mass ra-
tio of gas-barrier cementing agent of the test
specimen respectively; a,, b,, c,are constants,
which are related to the production process and
materials of the test specimens made with the

new “solid-gas” coupling similar material.

4.3 Sensitivity Analysis of Influencing
Factors for the Peak Dissipation Energy

Sensitivity refers to the degree to which un-
certain factors influence the target factors. In
order to study the sensitivity of the influence
of two factors, the bone-glue ratio and the mass
ratio of gas-barrier cementing agent, toward
the peak dissipation energy of the test speci-
mens made with the new “solid-gas” coupling

Functional materials, 24, 2, 2017
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Table 4. Table of variance analysis on the factors influencing the peak dissipation energy of the test

specimens during the process of fracturing

Sum of squares of Degree of freedom Mean square F Value Fous
errors (4,16)
A 60464.30 4 15116.07 14.70 3.01
B 215218.44 4 53804.61 52.31 3.01
Error 16458.46 16 1028.65

similar material during the process of fractur-
ing, the experiment has adopted the variance
analysis in mathematical statistics to analyze
the sensitivity of the two factors to the peak dis-
sipation energy during the process of fracturing
the test specimens, the analysis procedures of
this analysis method are as follows:

The variance of the row factor and the col-
umn factor:

k — =\2
rex. —Xx
SSR: Zi:l ( ax )

1 3
r k _y _ = 2
SSC = 2.4 M — %) (4)
r—1

Sum of squares of the errors

k r _\2
SSE=3 "> (x,~%.—% +%] (5
i=1 j=1
Mean square of the row factor and column
factor:

MSR = S5E ©)
P

MSC = SSC (7
r—1

Test the statistics of the row factor and the
column factor:
MSR

VEy = e~ Fl-L(E-DO-1)  (®)

oo _MSC
M Fy = P =110 1) ()

The analysis results indicate that the vari-
ance analysis of the two factors on the peak dis-
sipation energy of the new “solid-gas” coupling
similar material during the fracturing is shown
in Table 4

It can be seen from Table 4 that F,>F,>
F, . (4,16), which shows that both Factor A (the
bone-glue ratio) and Factor B (the mass ratio of
gas-barrier cementing agent) have significant
influences on the peak dissipation energy of the
new “solid-gas” coupling similar material dur-
ing the process of fracturing. And since F,>F,
the influence of Factor B on the peak dissipation
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energy of the "solid-gas" coupling similar ma-
terial during the process of fracturing is more
significant than that of Factor A, which shows
that the mass ratio of gas-barrier cementing
agent plays a major controlling function on the
peak dissipation energy of the test specimens
made with the new "solid-gas" coupling similar
material during the process of fracturing.

5. Conclusion

(1) The experiments have proved that the
bone-glue ratio of the test specimens made
with the new "solid-gas" coupling similar ma-
terial has the logarithmic relationship with its
peak dissipation energy during the process of
fracturing and that when the bone-glue ratio
is in the range of 0.02~0.05, the peak dissipa-
tion energy during the process of fracturing the
test specimens lies in the significant zone; and
when it is in the range of 0.05~0.1, the peak
dissipation energy lies in the gentle zone.

(2) The experiments have proved that the
peak dissipation energy of the test specimens
made with the new "solid-gas" coupling similar
material has an exponential relationship with
their mass ratio of gas-barrier cementing agent
during the process of fracturing, and that the
peak dissipation energy of the test specimens
made with similar material during the process
of fracturing increases as the mass ratio of gas-
barrier cementing agent increases. When the
mass ratio of gas-barrier cementing agent of the
test specimens is in the range of 0.015~0.035,
the peak dissipation energy of the test speci-
mens during the process of fracturing lies in
the gentle zone; and the significance zone lies
in the range of 0.035~0.045.

(3) After analyzing the sensitivity of the
bone-glue ratio and the mass ratio of gas-bar-
rier cementing agent for the peak dissipation
energy of the test specimens made with the
similar material during the process of fractur-
ing by adopting the variance analysis in math-
ematical statistics, it can be concluded that
the sensitivity of the mass ratio of gas-barrier
cementing agent toward the peak dissipation
energy of the test specimens during the process
of fracturing is more obvious than that of the
bone-glue ratio.
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