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STUDY ON THE STRESS DISTRIBUTION AHEAD OF
FACE WHEN THE RATIO OF CUTTING HEIGHT TO
CAVING HEIGHT VARIBS IN THE EXTRACTION OF
EXTRA.THICK SEAM BY FULLY MECHANIZED TOP

COAL CAVING TECHNOLOGY

BUI Manh Tirnglr*, LfU Chang-you2, LE Tien Dungl, GUO Wei-bin2
rHanoi University of Mining and Geology, Ha Noi, Viet Nam

2School ofMines, Key Laboratory of Deep Coal Resource Mining, Jiangsu 221 I16, China
' Correspondin g author's email: manhnngvnn@ gruil. com

A}*$racti The exlraction with higher cutting height for
6n-thick seam is being the new research orientation
- bngwall caving tecfuology. Due to increase thc top

dcoal thickness and cutting height which leads to the
&age of cuttin{caving height ratio, the rule of roof
fibre (including mp coal caving) and the distibution
{ stress around the face alter correspondingly, This

2qer is based on the geological conditions of face
AU of Tashnn-DaTong mine, entploying the
nterical modzl by UDECD code, analysing the effea
J cutting/caving height ratio on the law of stress
&tribution ahead of the face, When the ratio of
aing/caving height decreases and the cutting height
areases, thz results of research hare shown that: (i) -'1t&. 

stress redistributes further ahzad of the face and
3wlue monifestly drops; (ii)- the plastic Mormation
&d ol face significant increases and the zone of
,brlric strain also expands. Therefore concluded that
,b voriation of cutting/caving height ratio results in
* redistribution of rod pressure whbh contributes to
tb control of rooffailure and faee snbility.

&t words Extra-thbk sean" Extra-cutting height,
&ing/caving height ratio, Stess distibution.

L INTRODUCTION

The extractioir of longwall top coal caving from the
aiqlly geological condition to the caving stage can be
&ided into two stages of fracturing process and
D*ing/caving process. The effective ftacturing of top

is crucially beneficial to the caving, which is
d y dominated by the stress distribution in

r(rk mass. Hence, the study on capability
bp coal should be based on the rule of stress

arcund the longwall.

1 GEOLOGICAL CONDITIONS OF MINE

Scam 3-5t varies in thickness from 12.63 o 29.20m,

- rwrage of20m. The seam has comparative complex
mue with high cleavage and a single rock band of

rhickness. The rock mass is mainly composed of

Systems ofjoint relatively develop in the seam. Seam
has moderate strength from llMPa to 37MPa, on
average of 32MPa. The spacing between the joints is
from l5cm to 25cm. The distance between the main
joins is from l.0m to 1.2m, Joint angle is 55". Coal is
britde and easy be crushed.

The immediate roof rock mass is the metamoryhic
kaolin, schist and penefated-igneous rock. The
thickness of immediate roof is uniform from 2m to 8m.
The sfength of igneous rock is of grade Mn
hotodiakonov classification. Sfatigaphic column is
shown in Fig. 1.

slone, kaolin-claysione, claystone-sandstone.

169



3. LAW OF STRF,SS DISTRIBUTION AHEAD
OF FACE WIIEN THE CUTTING TO CAVING
IIEIGHT RATIO CHANGES

To study the effect of cutting/caving height ratio on
the stress disaibution law ahead of face, the numerical
modelling UDECD code is employed for the
simulation and analysis.

3,1 Model generation

The model is based on the geological data of face
8102, Tashan Datong mine. The depth is from 300m to
500m. The average thickness is 20m. The seam dio
angle is stable from 2 to l0 degree, on average of 3
degree. The rock mass is highly jointed. The
geomechanical properties of rock mass and joints are
shown in Tables I and 2.

In model, the X axis represents the strike while the
Y axis is the vertical one. The length of model is 400m;

the 
-height is l60m; the depth of mining is 450m;

thickness of seam is 20m. The framework of model is
outlined in Fig. 2. The models are built up with the ratio
of_cuttingl'^caving height being l:4.55 (iutting height

l9TI 1'! (cuuing heighr 5.0m) and 1:2.08-(cuuing
height 6.5m) respectively.

lilllililllilillllll

l0mr 20m Coal seam Affiaxit

:dm I Floor Sandsrone

IIIIIIN-TTIN-N
Fig. 2. Frame of model

Table l: Material properties of model

32 Analysls ofResult

The rotation of main roof and the compression of
the entire main roof are the major facton affecting the
breakage of mof rock and top coal. The zone adjaccnt
to fac€ is called the balanced-abutnent stress zone. The
bordering point between this zone and the clagic

deformation zone is called the peak abutrnent stress.
The s&ess distributing ahead of the face is divided into
decr€asing str€ss a)ne, increasing stress zone and the
primary stress zone. Fig. 3 and Fig. 4 show the stress
distribution in front the face during and after the

:ppearance of pedodic stress when the cutting/caving
height ratios are.l:4.55, 1:3, and l:2.08.

Layers Denstty
d/N.m-3

Shear
modulus
(K) Gpa

Bulk
modulus
(G) Gpa

Cohesion
(C)Mpa

Internal
friction

ft.

Tensile
strength
gMpa

Main roof 2500 t< l8 45 2
Upper immediate roof 2500 17.5 l0 38 1.3

I-ower immediate roof 2500 l? 3 t.4 35 0.93
Coal seam 1400 3.2 1.2 I 33 0.3

Immediate floor 2679 t2 1.4 35.8 0.93

Table 2: Joinc properties of model

Layers
Normsl
sdfrness

(kn) Gpa

Shear
stiffness

(ks) Gpa

Cohesion
Qcuh) Mpa

Internal
friction
Jfric f

Tensile
strenglh

oten) Mpo
Main roof ll 0.08 35 0.05

Upper immediate roof 9 6 0.{b 32 0.04
Lower immediate roof 7 4.5 0 0 0

Coal seam 5 5 0.04 l5 0.02
Immediate floor 4.5 0.04 l5 0.04
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(c) Cutting/caving height ratio 1:2.08

Eg. 3. Stress distribution in front of the face during
the appearance of periodic pressure

The analysis of modelling shows that during ihe

lFarance of periodic pressure and subjert to the
&.rease ofcutting/caving ratio: the plastic deformation
i greatly damaged; the ability of top coal to resisl the
Hore falls down; the increasing stess area expands
d moves further from the coal face, leading failure

zone of top coal to develop, This is beneficial to the
failure of top coal which is broken mainly due to the
rotary effect of main roof rock mass.

(c) Cutting/caving height ratio l:2.08

Fig. 4. Stress distribution in ftont of the facc after the
appearance of periodic pressure

After the appearance of periodic pressure, the
model indicates that subject to the decrease of
cuning/caving ratio: the increasing sFess area moves
from the top to the adjacent face zone; the increasing

l7l

E.

*-
t-a 

-

II-

(a) Cutting/caving height ratio l:4.55

E.

(b) Cutting/caving height ratio 1:3

II-

{-o 
-

(b) Cutting/caving height rario l:3

E-



slress arca dwindles and moves to the contiguous zone
of shsrer zone. At this moment, the failurc of top coal
is mainly controlled by the compression of the entire
main roof rock.

From the above analyses, it can be seen that when
tle cutting/caving ratio decrcases which means the
cuning height rising and top coal thickness thinning,
the activities level of main roof rises, leading to the
stress redistribution at top coal as well as widening the
plastic deformation zone, improving the destruction

process of top coal. However, the stability of face
declines.

To deeper analyze the stress distribution law ahead
of the face, three surveys have been set up which
correspond with the layouts: (l) in the upper top coal
layer (away l9m from the floor); (2) in the middle top
coal layer (away 10m from the floor); (3) in the lower
top coal layer (interface between cutting and caving
heigh$. The statistical results of the pressure variation
during and after the appearance of periodic pressure are
oudined in the following Fig.s:

20

€ ls

5 l0

6

25

31 41 5l 61 7l
Distance froD the face/o

(a) Cutting/caving height ratio l:4.55

+ lDper top coal layer
--r- riddle top coal layer
--:^-- loier top coal layer

20

*"
; ro

2l 3t 4l 5l 0l 7l
Dtst6nco fror iho f6cs/r

(b) Cutting/caving height ratio 1:3

0 t0 2L 31 4L 5l 61 7t 81 9l l0l
Distance f ro'| the fac e /o

(c) Cutting/caving height ratio l:2.08

Fig. 5. Graph of stress distribution in front of the face Auritrg the appearance of periodic presswe

----!lddl€
to! coal larsr
top coo I Iayer

top coal l.re!

t72



Fig. 5 rcpresents the sEess distribution at differcnt

IEitions in top cod during the appearance of periodic

1rcssure. Following the face advancement, the
cdc€ntrated stress zone is constandy moving forward
ftom the coal face. When the cutting/caving ratio is
l:'f55, the stsess in front of the face at the lower top
ol layer reaches the peak value of 20.76 MPa and is
r*ay 9,4m from the face. For the middle top coal layer,
1 Fak stress is away 6.4m with the peak value of

Fig. 6 and Fig. 7 illustrate the changes in the
peition and the peak stre.s$ value during the periodic

Irssure. It is shown that when extracting the extra-
lbk seam, if the cutting/caving ratio varies, the
peition and value of peak suess will significandy
dmge. For the lower layer and upper layer of top coal,
iL peak str€.ss positions are relatively far from coal
fu whercas the peak stress point for middle layer is
dose to the coal face. The reason is that while the upper
lyer stands the load ofoverlying layers, the lower layer

21.45 MPa The position is away 12.4m and the peak
value is 22.46MPa for the upper top coal layer. When
the cutting/caving ratio is l:3, the respective values are
I l.4m and 2l.0lMPa (for lower layer); 7.4m and 21.,10

MPa (for the middle layer); 13.4m and 21.6It4Pa (for
the upper layer). When the cuning/caving ratio is I :2.08,
the rcspective values are 12.4m and 2l.13MPa (for
lower layer); 8.4m and 2l.39MPa (for middle layer);
lZAm afr 2l.52\lIPa (for upper layer).

L4

.'6
F

2

0

:E

9zz
.)

v, 21
o

F
20

23

-'- lorer top coal layer
"r- oiddle top coal layer
'-.- upper top cosl layer

1 :4. 55
cut t iln!3/caYi ng

l:2.08

Fig. 6. Change of front pcak stess position during the periodic pressure

"'.- I oYer top coal layer
--.-niddle top coal layer
+Upper top coal I ayer

l:4,55 1:3 l:2.08
cuttinS,/caving

Fig. 7. Change of ftont peak sress value during the periodic pre,ssure

cutting,/caving

is affected by the extaction of cutting process. This
leads to the increase of the top coal heakage in the
plastic deformation zone, decreasing thc lop coal
stugth and frnally, advancing the ft,ont p€ak stresg
ftrther. With the high ratio ofcutting/caving height, the
peak stess values in different layers vary significandy
whereas the smaller amplitude of value variation is
witnessed with the low ratio of cutting/cavitrg. At a
spocifrc cutting/caving height ratio, such amplitude
also incrcases with a certain value.

tlt
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Fig. 8 shows the stress distribution at different
pcitions at top coal layers after the appearance of
paiodic pressure. Depending on the face advance, the
cmcenEated stress zone is constantly moving forward
fiom the coal face. When the cutting/caving ratio is
1.4.55, the stress in front of the face at the lower toP

coal layer is away 9.6m from the face and reaches the
pak value of 21.56 MPa. For the middle top coal layer,

te peak stress is away 6.6m from the face with the

valtrc of 22.31MPa. The peak sFess position is away

8.6m and the value is 22.51MPa for the upper top coal
layer. When the cutting/caving ratio is 1:3, the
rcspective values are 10.6m and 21.00MPa (for lower
layer); 7.6m and 21.66 MPa (for the middle layer);
10.6m and 2l.98MPa (for the upper layer). When the
cutting/caving ratio is 1:2.08, the respective values are

11.6m and 20.98MPa (for lower layer); 8.6m and
21.27MPa (for middle layer); 11.6m and 21.35MPa (for
upper layer).
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Fig. 9 and Fig. 10 illustrate the changes in the
pirion and the peak stress value at the loP coal after
t 4pearance of periodic pressure. It can be seen that
fr extracting the extra-thick seam, the peak stresses
&ing and after the appearance of periodib pressure are

r|lively the same while their positions show a certain

Iftrence. For the lower and upper toP coal layer, the

1d stress positions are relatively far from coal face
rbeas the Deak stress for middle one is close to the
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coal face. Compared to the case of during the periodic
pressure, the stess values ahead of the face with and
without the effert of main roof rock show little
variation. The elements arc similar to that during the
period of periodic pressure occurring.

By examination of stsess distibution at various
layers top coal during and after the appearance of
periodic pressure, following results are oudined. If the
cutthg/caving height ratio drops, the peak stress
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Fig. 9. Change of front peak stress position after the appearance'of periodic Pressure
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Fig. 10. Change of front peak stess value after the appearance of periodic pressure
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positions of different layers move further from the coal
face. During the periodic prcssure, the position of
abutment stress changes significantly. Specifically, the
abutment stress positions of the upper layer and lower
layer in top coal are far away from the coal face
whereas such position of the middle layer is quite close
tro the face. It is explained that the upper and lower
layers have partly absorbed the overlying load, which
diminishes the destruction in the elastic deformation
zone at the middle layer. At the same time, the ratio of
cutting/caving has also affested the stress values in
front of the face. When the ratio climbs. the sress
values will vary the considerable amplitude whereas
such amplitude is less variation if the ratio decreases.

4. CONCLUSIONS .

Dudng and after the appearance of periodic
prcssure, the failure behaviors of top coal arc not the
same. In the time ofpreriodic pressure occurring, the top
coal is broken mainly due to deformation movement of
main roof rock mass. After the periodic pressure occurs,
the compression of entire roof rock mass maiorlv
causes the top coal failure. If the ratio of cuning to
caving drops, the stress distribution in the top coal will
change. In the time of periodic pressure occurring, the
reduction of cutting to caving ratio is beneficial to the
top coal breakage and top coal recovery. After the
occurrence of periodic pressure, the effect of cutting to
caving ratio on face stability is significant in which the
drop of ratio leads to the face instability.

For the extraction of exaa-thick coal seam.
depending on the rcduction of cutting/caving ratio, the
front peak stresses in different layers atso incrcase. In
the dme the periodic pressure occurring, the locations

of peak stress also show lhe difference, being far away
from the coal face in the upper and lower liyer whill
being relatively close to the face in the middle layer.

The ratio of cutting to caving height has certain
effect on the peak stress value in front of face at various
top coal layers. If such ratio is relatively high, the peak
stress values increase from the lower to the upper layers.
Conversely, if the ratio decreases, the peak striss vaiues

$o A-p. Therefore, the adjusrmenr of cutring/caving
height ratio will adjust the stress distribution, whic[
enables to control the top coal caving ability and face
srability.
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